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The paper addresses the issue of synchronization of memristive bidirectional associative memory neural networks (MBAMNNS)
with mixed time-varying delays and stochastic perturbation via a sampled-data controller. First, we propose a new model of
MBAMNNS with mixed time-varying delays. In the proposed approach, the mixed delays include time-varying distributed delays
and discrete delays. Second, we design a new method of sampled-data control for the stochastic MBAMNNS. Traditional control
methods lack the capability of reflecting variable synaptic weights. In this paper, the methods are carefully designed to confirm the
synchronization processes are suitable for the feather of the memristor. Third, sufficient criteria guaranteeing the synchronization
of the systems are derived based on the derive-response concept. Finally, the effectiveness of the proposed mechanism is validated

with numerical experiments.

1. Introduction

Associate memory is one of the most significant activities
of human brain, which can be applied in study of brain-like
systems [1], intelligent thinking for intelligent robots [2], and
so on. Since Kosko discussed the concept of bidirectional
associative memory neural networks (BAMNNG) [3] in 1988,
BAMNNSs occupied the great researchers’ time and have
been studied for several years. Nowadays, due to the wide
applications in signal processing, associative memory, pattern
recognition, and so on [4], chaos control and synchronization
of BAMNNSs have been intensively investigated. Owing to
the special characters of the memristor [5], researchers have
replaced resistor with memristor in large scale integration

circuits to construct the MBAMNNSs [6]. MBAMNNS are
more suitable for mimicking the associative memory process
of human brain contrast with the BAMNNs. Thus, more
and more researchers build the MBAMNNSs models for
investigating a variety of applications [7-10].

In practical MBAMNNS systems, an ever-present phe-
nomenon is the threshold of the sensitive memristor with
a nonlinear drift effect [11], such as the voltages, current,
and magnetic flux. It is well known that the presence of
the threshold input may drastically deteriorate the desired
performance, even inducing the inaccuracy of closed-loop
systems under investigation. Hence, it is important to take
the nonlinear characteristic of the MBAMNNS into consid-
eration in the dynamical systems. In general, two common
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methods are utilized to cope with the nonlinear charac-
teristic of the MBAMNNSs. One is treating the parameters
as constants [12, 13], and the other is making a study of
antisynchronization [14]. Recently, the problem of nonlin-
ear characteristic has also been considered to the field of
memristive neural networks (MNNs) [15-22]. Although the
importance of nonlinear characteristic has been rather well
recognized, but few related results have been reported on the
synchronization of MBAMNN:S. This is the first motivation of
the present paper.

Synchronization is an elementary collective phenomenon
that enables coherent behavior in neural networks (NNs),
where neurons coact with each other and achieve a common
dynamic behavior. Synchronization is of great significance
for its potential applications in many areas, including har-
monic oscillation generation, biology systems, and secure
communication. Looking through the literatures on the
synchronization of MBAMNNS, one can find that most of the
results are based on the two kinds of continuous-time control
strategies: the state feedback control [23-28] and adaptive
control [29]. A prerequisite of these approaches is that the
controllers must obtain signals from sensors in a continuous
way [30]. This will increase the control cost heavily and cause
a waste of communication bandwidth [31].

In contrast to the continuous-time control, the sampled-
data control merely makes use of the sampling signals
at discrete time instants. Consequently, the sampled-data
control can eliminate the continuous monitoring of system
states as well as the continuous information transmission.
Therefore, the sampled-data control is a more managing
choice in applications. Till now, numerous results have been
reported in this aspect [30-33]. However, to the best of our
knowledge, there are few relevant achievements that consider
the sampled-data synchronization of MBAMNN:S. This is the
second motivation of the present paper.

Owing to the limited speed of signal transmission
between the neurons, the finite switching speed between dif-
ferent circuit elements in hardware implementations of NN,
and the viscosity of synapses triggered by biological NN,
time delay is an inevitable phenomenon in NNs. There are
many types of delays, like discrete delay, leakage time delay,
distributed delay, neutral-type delay, and so on. These delays
are the main factors that contribute to the oscillation, insta-
bility, and the performance degradation to the dynamical
systems [34]. Therefore, the dynamic systems with time delay
becomes a hot topic in the theoretical and application realms.

Besides, the actual communication between real systems
is usually disturbed by a stochastic perturbation from various
uncertainties. In secure communication systems, the digital
signal is transmitted by switching forth and back continu-
ously between synchronization. The stochastic perturbation
will probably lead to package losses or influences the signal
transmission. Hence, it is important to discuss the effect of
probabilistic delays, stochastic perturbations, and so on [35-
38]. Therefore, it is valuable and practical to discuss the effect
of the stochastic perturbations and time-varying delays on
MBAMNNE.

Motivated by the foregoing discussions, this paper aims
at investigating the synchronization of MBAMNNSs with
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mixed time-varying delays and stochastic perturbations
by designing a suitable sampled-data controller. The main
contributions of this paper are summarized as follows.

(1) We first investigate the globally asymptotic synchro-
nization of MBAMNNSs with mixed time-varying
delays and stochastic perturbations.

(2) According to the characters of memristor, we consider
the parameters mismatch between the drive-response
systems and design a suitable sampled-data controller
to fit the features of the memristor.

(3) We also analyze the feasible region of the sampling
period according to simulations, which is signifi-
cant to some potential future research. Owing to
the sampled-data synchronization analysis, Lyapunov
functional method, and stochastic analysis theory,
the synchronization criteria of the parameters mis-
matched MBAMNNES are derived.

The rest of this paper is organized as follows. The systems
and problems formulation are presented in Section 2. In
Section 3, based on Lyapunov functional method, stochastic
analysis theory, and inequality techniques, sufficient crite-
ria that depend on such system for synchronization are
obtained. Numerical simulations are demonstrated to verify
the effectiveness of the obtained results in Section 4. Finally,
conclusions are given in Section 5.

2. Model Description and Preliminaries

2.1. Model Description. In order to better understand the
MBAMNNS, firstly we describe the circuit of a general class
of BAMNNS with the architecture as shown in Figure 1. Take
the ith subsystem and the jth subsystem as the unit of analysis
so as to simplify illustration [39]; one can clearly see that the
Kirchhoft’s current law (KCL) of the subsystems of BAMNNSs
[3] is described as the following differential equation:

1o f (e -r@)

dx; (t) = —x; () + ?;]; 7 X sign;

Ji (1) .

+ , t20,i=1,2,...,n,
G;
( ) @
1¢-gi(x@E-7@)

dy,t)=-y. () + =) ————= g
y; () = —y; () + (gi; iy X sign,;

0

+ >0, j=1,2,...,m,

— >

€;

where x;(t) and yj(t) are the voltages of capacitors &; and

€ ;, respectively. And & ;; presents the resistor between the
feedback function fj(yj(t - 7(t))) and x;(t); 5?,-]- depicts the
resistor between the feedback function g;(x;(t — 7(t))) and
»;(t). Then the transmission time-varying delay is illustrated
by 7(t), #;(t) is the bias function or external input on the ith
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FIGURE 1: The circuits implementing of BAMNNs with transmission time-varying delay.
subsystem at time t, ¢ i (t) denotes the bias function or m t m
external input on the jth subsystem at time ¢, and + chi (x; (1)) L o /i (;Vj (5)) ds |dt+ Zﬁji
j=1 U j=1
1, it [ty @),y - T®)) dw; (1),
sign;; = sign;; (2)
-1, i=j.
/ dy; (t) = [_Pj (y;®)y; )+ I;(2)
Remark 1. Enlightened by [23-29], especially for [39], we 1
proposed the following system which contains not only + Zmij (y j (t)) g: (x; (1))
discrete time-varying delays 7(¢) and o(¢), but also distributed =t
time-varying delays p(t) and £(t). And self-inhibition weights n
d;(x;(t)) and p;(y;(t)) are also time-varying. Therefore, the + Znij (J’j (t-o (t))) gi (x; (t -0 (1)
obtained results are more general and practical than some i=1
existing results. n ¢ n
+ s (@) J (x; (s))ds | dt + :;
Based on the physical properties of a memristor, the ,;q] (y] ) t—s(t)g ( ) ;ﬁj
proposed MBAMNNSs with mixed time-varying delays are
described by the following differential equations: (6 (), x; (t =0 (1)) de; (1),
©)

dx; (t) = | =d; (x; (1) x; (t) + L; (t)

+Yay (5 ) £, (7, 0)

j=1

+ 3 (x; (t =7 () f; (y; (t =T (1))
j=1

where x;(t) and y;(t) denote the voltages of capacitors C; and
5]- attimet,fort >0,i=1,2,...,mand j = 1,2,...,m.d; >
0and p; > 0 represent the self-feedback connection weight.
Then aji(xi(t)), bji(xi(t_ (1)), Cji(xi(t))> mij()/j(t))) ”ij()/j(t—
o(t))), and qij( yj(t)) represent the memristor-based weights.
In addition, fj( yj(t)) and g;(x;(¢)) are feedback functions,
7(t) and o(t) are discrete time-varying delays, p(f) and &(t)
are finite distributed time-varying delays. In addition, I;(t)
and I;(f) denote the continuous external inputs, respectively.



According to the current-voltage characteristic and the
property of a memristor, the memristive connection weights
of system (3) can be modeled as

d:ﬁ |xi (t)l <T,
d;i(x; (1) =1~
di, x| > T,

do x| < T,
(xi (f)) = A] | |
ai x> T,
ﬁ., Vi | <R,
()’j(t))={,i |J ' j
By i @f> R,
o |y (1) < R,
(yj(t))= A] | i . j
g, |y 0] > Ry,
(4)
G @<
¢i (x; (1) = » | |
J,, |x (t)| > T,
Gy |y (0| <R;,
a ()/j (t)) _ {AJ | j | i
ij |yj (t)| > Rj,
Z)»i, xt-1@)| T,
by (x; (-7 (1) = 1 | |
b, et —7@®)| > T,
i |y -0 )| <R,
f’lij()/j(t—a(t)))Z {A] | J | ]
Ag |y t-o@)|>
in which switching jumps T; > 0,d; > 0,d; > 0 and d dji> Aj»

bﬂ,b],,c],, ],,forz =1,2,...,n, j=1,2,...,mare constants,

sodo R;, p;, P, ;. My, Gj» Gy 11> and ;.

In this paper, we treat system (3) as the drive system;
then the corresponding response system with stochastic
perturbations is described as

dx; (t) = |:_di (% ®)% )+ Y a;(%0) f; (J7j )
j=1
+ )b (% -T@)) f; (7t -T(®1)
=1
m t
+Ya®m@) [ f(50)ds L0
j=1 t—p(t)

U; (t)

dt + iﬁﬁ
=1

(69,0, 55 =7 (1)) do; (1),
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dy; () = [‘Pj (7,®)7;®
+ 3 m; (7,0) g (% )
i=1

+ Y1 (7t -0 (1) g (% (t - (1))
i=1

+ Zqij ()7] (t)) J 9i (551' (s)) ds + Ij (t)
) t—e(t)
+U; (1) | dt + iﬁij
i=1
. (t, X (t),x;(t-o (t))) dw; (1),
(5)
where
s X @) < T,
(x; (1) = { |A |
d |xi (t)l > Ti’
< () <T.
NAOE  FOlsT
, &> T
0T,
(% (1) = lA |
|x; (0)| > T,
p., |7 () <R,
(7, ) = {}f |{J( 1<%
|70 > R;,
(6)
mg |7, 0] <R,
G,0)- |J | <R
iy [7;0] > Ry
G |70 <R,
(5, = { IAJ | <R
@ |7 0> R,
by |%(t-T@)|<T,
b (X (t-7(t) = 4. R
by |XE—T@®)|> T,

|7, (t = (1))| < R;,
|yj (t—cr(t))| > R;.

U;(t) and U (t) are the appropriate controllers that will be
proposed in order to gain the certain control objectives. Con-
sider the following state feedback sampled-data controllers:

Ui (1) = Kie; (tn) — A; sign (e; (1)),
U; (t) = Kje; (ty,) — A sign (ej (t)),

where K; and K are the sampled-data controllers gain matri-
ces to be designed. A; and A ; are positive scalars. Then e;(f;,)

n; (7, (-0 (1)) = { ’

;j

@)
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ande j(tkz) are discrete measurements of ¢;(t) and e j(t) at the
sampling instant ¢, and t,,, respectively. And the sampling
instants satisfy the following conditions:

0=ty <ty <+ +<t <---< limt, = +00,
01 11 k1 A L1

(8)

0=ty <tj, < <ty <---< limty, = +00.
02 Stz k2 Al b

Remark 2. According to the discussions above, the inner con-
nection matrices d;(x;(t)), aj,-(xi(t), bﬁ(x,-(t -1(t))), cj,-(xi(t)),
Pj()’j(t))’ mij(yj(t)), q,»j(yj(t)), ”lij(}’j(t - a(1)), di(fi(t)))
aﬁ(fi(t), bji(fi(t - 1(1))), Cji(fi(t)% pj(?j(t)), mij(f/j(t)),
q,-j(f/j(t)), and n,»j(j/j(t—a(t))) of systems (3) and (5) are vary-
ing with the state of memristance. Therefore, the MBAMNNSs
are considered as the state-dependent systems. When the
parameters are all constants, systems (3) and (5) become a
general class of BAMNNG.

We define the following error system as follows:

de; (t) =dx; (t)—dx;(t), i=12,...,n

_ . 9)
dej t) = dyj () —dyj (t), j=L2,...,m.

Remark 3. Some of the published papers studied the synchro-
nization of MNNSs [24, 25] through the following assumption
to design the error system:

co [gij’aij] /i ()’j (t)) - co [‘—lij’aij] fi (xj (t))
< cofaay] (f; (v;0) - £; (x; ).

Let cola, b] denote the closure of convex hull generated
by real numbers a and b or real matrices a and b. However
this assumption has not always been proved to be correct. In
[26], authors tried to deal with the synchronization issue of
MABMNNE, but the results are unreasonable without taking
the switching jumps into account.

The antisynchronization can avoid the problems men-
tioned above by constructing the error system as the follow-
ing assumption:

coay, @] f; (v; ) + co [aa;] £; (x; )
< co [ay; @ (£; (3, 0) + £; (x;®)).

But it still has limitations in practical applications, such
as associative memory and associative learning. It is worth
mentioning that we fully consider the complex property of
the inner connection and take the switching jumps into con-
sideration. Therefore, the obtained results are more practical
and less conservative than some published literatures.

2.2. Definitions and Assumptions. In order to get our primary
conclusions in the next section, we make the following
assumptions. For the sampling interval, one has the following.

Assumption 4 (see [40]). It is supposed that the interval

between any two sampling instants is bounded by d (d > 0):
Apy =ty — b <dp, Yk 20,
(12)

Ay = trgy1 —tgy < dy, Yk, 20.

The constants d,, d, denote the maximum time span
between ty,,, and ty,, t,,; and f;,. The state is sampled, and
ti1+1> tiosr are the next update reaching the destination.

Due to the discrete terms e;(f;,) and ej(tkz), it is difficult
to analyze the synchronization of MBAMNNS directly. There-
fore, according to the input delay approach, t;, and ¢, are
defined as

ty =t—(t—ty)=t-d (1),
(13)
tp=t—(t—ty) =t-d, (),

where 0 < d,(t) < d,, 0 < d,(t) < d,, and the controllers can
be designed as

U; (t) = Kie; (t — d, (t)) — A; sign (e; (1)),
(14)
U;(t) = Kje; (t—d, (1)) - A;sign (e; ().

Remark 5. It should be noted that [41] has made use of the
sampled-data control to the MNNs, but to the best of our
knowledge little attention has been paid to the MBAMNNSs
with mixed time-varying delays and stochastic perturbations
based on sampled-data control theory, which motivates our
present study.

Definition 6. Systems (3) and (5) are said to be asymptotically
synchronized if and only if the error systems are globally
asymptotically stable for the equilibrium points e;(¢) = 0 and
ej(t) = 0. That s, e;(t) — 0, ej(t) — 0ast — 0, for any initial
conditions

o (s) = ((,51 (8),¢,(8)5...5 ¢, (s))T € %”([—v,O],IR"),
PE) = (1)1 () sy () € B ([-6,0],R™),
9(9) = (1 (8), 95 (9.9, () € € ([-7,0],R"), (15)

OB AORAONNRMO)
e%([—q,O],[R{m),

where v = max,;.,{7;, &} which denotes the Banach space
of all continuous functions mapping [-, 0] into R” with 2-
norm defined by [[¢ll = (XL, ¢7), ol = L, ¢7), and
¢ = max,.j,,{o}, ¢;}. They denote the Banach space of all
continuous functions mapping [—¢, 0] into R™ with 2-norm

defined by Iyl = (X7, ), Iyl = (X7, ).

Assumption 7 (see [42]). The activation functions fj(-) (j =
1,2,...,m)and g,(-) (i = 1,2,...,n) are bounded and glob-
ally Lipschitz continuous in R; namely, there exist constants
o;, By ajand f; forall sy, s, € R, 51 # s, such that

< M < B, |fJ ()| <T;

J

S =8, -
o; < M <B g0 <h;
S17%

where the constants o, 3, «j, and f3; can be positive numbers,
negative numbers, or zero.



Assumption 8 (see [37]). There exist constants R, = 0, R, > 0,
such that

Trace [0" (t,x (), x (t - £ (1))
o (bx(t),x(t-E@)] <x" ORx@®)+x (¢ (17)
&) Ryx (t - §(1)).
For the stochastic system [42],
dy(t) =gt y@)dt+o(t,y ) dw(t), (18)

where w(t) is the Brownian motion and it is clearly Ew(t) = 0.
Z is the operator defined as follows:

LV (ty) =V, (ty)+V,(ty)

1 , 19)
+ ETrace [a (ty®)V,,o (t,y(t))] ,
where
v, (t,
Vi) = ),

oV, (t,y)>

V,tLy)=| ——=——),
w (87) ( 3.0, (20)

3.

V(6 y) = <6Vt (t.y) Vi (t.)

v, (t.y) )T
0% 9y,

Y,

Assumption 9. The time-varying delays 7(t), o(t) in this paper
are differential functions, where

0<t(t)<T,
0<o(t)<oa,
T()<1 <1,
d(t)<o, <1,
wO) < (21)
e(t)<e,
dy(t)<d; <1,
d,(t)<d, <1,
forallt > 0.

Lemma 10 (see [43]). Given any real matrix X,Z,P of
appropriate dimensions, a scalar ¢, > 0, and P > 0, the
following inequality holds:

X'Z+7Z"'X<eX'PX+¢,' 2" P Z. (22)

In particular, if X and Z are vectors, X'z <a/2)(xXTx+
VAVAY
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3. Main Results

In this section, we get some new sufficient conditions to
ensure the synchronization of MBAMNNSs by the designed
sampled-data controller.

Theorem 11. Assume that Assumption 7 is satisfied; then error
system (9) achieves global stable situation under the designed

sampled-data feedback controller (7) with the control law as
follows:

K <min{8,,8,},

K; < min {TT}, L},

az[twnz||
izl =1

m . . m
0 [y = b T+ ) [ = < P’Lij] ’
= =

(23)
n n
> 3 (16 3R+ E iy - .7
=1 i=1
n n
+ 2 Py = | Ak ) [ = | eLT,
i=1 i=1
where
L,= maX{'“i|>|/3i|}’
L, = max{jo;], |8}
3 < 272 72 12 2 1
By =2d, - ) (GL, +BiLS + &) - —— = )y
= !
2 1+,
meL’, — - 01,
- T < ~2 72 7212 =2 1
8, =2d, - Z (aﬁLy +bjiLy +cjl) 1= -1
i 1
e LD (24)
X l-o0,

n
. 2202 2.2 22 1
II, =2p; - Z(mijo +11;L% +qij) 14 - H,
i=1 2

1+ H.
2 2
_n‘ul)’_l—'rl’

I, = 2p; _i(m%ﬁ +i2L? +ql,2j) __ b - H,

7
pri 1-d,
1+H
2 2
_n‘uLy—l_—Tl>

and J,, J,, H,, H, are all positive constants.
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Proof. Consider the following Lyapunov function for syn-

chronization error system (9):
V) =V, () +V, (1),

where

ACEES YAOPIC
i=1

n

t
Z l—d’),[t e )e (s)e,-(s)ds

1

< 1+H, Jf T
+ ! (s)d
;2 ( o € (s) € (s)ds

1-1)

SEST [ et i

v, (t) = %]Zlef (t)e; (t)

m

1 ! T
+ Zz(l——dg) J-t_dz(t) € (s)e;(s) ds

Jj=1

- 1+, r T
; i(s)d
+ Z o e; (s)e;(s)ds

Case 1. If |x;(t)| < T}, 1X;(1)] <

(25)

(26)

(27)

T, ly; (0] < R,y 17,(0)] < R,

at time ¢, according to the jumping rules, systems (3) and (5§

are reduced to systems (28) and (29), respectively:
dx; (t) = [_dixi ©)+Yduf;(y;®)
=1

+

Ms

bif: (vt —7(®))

1

~.
Il

M§

J £ (7 9)ds+1, (t)] dt
t—u(t)

j=1
+ Y Bii (635 (1), (t =T (®)) daw; (1),
i=
dy; (t) = |:_[)jyj (t) + Z’hijgi (x: (1)
iz

+ Y g (% (t = 0 (1))
i=1

7
iy [ ala@)ds 0] d
i=1 t—¢
+ Y By (6, (), x, (t — o (1)) dav, (1)
i=1
(28)
Then we define the corresponding response system
dx; (t) = {—d,.xi ®)+ Y af; (7,0)
=1
¢ Shfy (5, - O) + L0+ U 0)
j=1
+ZEJ,J- fj (y] (s))ds] dt
j=1 7 e
+ 3B (67,1, 7, (t -7 (1)) dw; (8) ,
=1 (29)

dy; (t) = [Pjyj Zmljg, (%)

+ Y 7ig; (% (=0 (5)) + I, (1) + U; (1)

i=1

n

+ Zléij L_S(t) ACAB) ds] dt

i=

+ ) B (6%, (1), % (t — 0 (1)) dav, (£) .
i=1

And error system (9) can be rewritten:

de; (t) = dx; (t) — dx; (t) = [—ci,»f,- (t)

+
[\/]3

a; (%) f;(7;,®)

~.
Il
—

+ 3 b f; (7t =T (®)) + L (®) + U, (¢)
j=1

(yj (s)) ds + cfixi ()

LI

= Yauf;(y; ) - ZﬂLUw (1))
j=1



j=1

i Jf £ (s (s))dS]
+ gﬁji (te;(t),e;(t—T(t))dw; (t).
Then
de, (t) = [—Jie,- (1) + ,iéﬁFj (e;®)
biF;(e; (t—1 (1))
Yy J:W) Fy (e, (5))ds + Kie; (¢ - dy (8))
— A, sign (e; (t))] dt

+ 3 Bii (tej (1) e; (=7 (1)) dew; (1).
j=1

We conclude that

de; (t) = d7, (t) - dy, (t) = | ~pje; ()
+ Zn:ﬁ%jGi (e; (1) + Zn:ﬁijGiei (t-o(1))
in in

+unj 0

(e; (s))ds+ Kje; (t - d, (1))

- Aj sign (ej (t))] dt

+ 3 Bii (e (1), (t — o (1)) dav, (£)
i=1

where
Fi(e;®) = £;(7®) - £;(;0),
Ej(e;(t=7()) = f;(5;(t -7 (1))
- £yt -T),
Gi(e; (1)) = g: (% () - g; (x: (1)),
Gi(e(t-0 (1) =g (Xt -0 (1))
—gi(x(t-a ().
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From all the above discussion, we get

+ H,

V. (t) = Zemew+z a%

i=1 2(1 - )

e ) -~ e 2 (t

.e?(t—‘l’(t))] Zn:[z(l
221l

11] 1

(30) (34)

—d, ()| + e (1) LLe; (1) ds

yoyEi

_ JO e. (t+s)LyLye] (t+s)ds]
-

and then
+ H,

(1-1)

1+H,
2

ACEDYACEICEDN E e (t) -
i=1 j=1

(31)
e (t) - -e G

so-r0] 3

(35)
i=1

—d, (1) | + ;ZZ [ue ) LyLye] ®)
j=1

t
_ L_W) e (s) LyLye] (s) ds]

According to (31), one has
%®=Zaﬂ##ﬁHZ%ﬂ@@)
i=1 =1

+

biF; (e (¢ =7 (1) = A, sign (e; () + Y &

1 j=1

E

J

(32)

rol —

()

.Jt 9)ds+ Kie, (t - d, (t))}

Selg)

j=1

L(te(t),e;(t—T (1)

o (36)
-%Oeﬁhﬂter+Z[l+m

.e?(t)—l%Hzei(t—‘r(t))]+i[ !
wﬂo—%é&—duwﬂ+
(33) n

Z Z [‘ue t)LyLye] ()

i=1 j=

N | —

—

t
- LH( 6 T LLye; (s) ds]
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Due to Assumptions 7 and 8, we obtain the following

inequality:

i=1

V, (1) < Ze t) {_Jiei (1) + Y a;F; (e; (1)
=1

M§

+ ) bF; (e (t = ()) = A;sign (e; (1)) +
=1

.
I
—_

N | =

. J- )FJ- (ej (s)) ds + Kie; (t — d, (t))]> +

Z[e (t) Hye, (t)+e (t—7 () Hye; (t -7 (t))]

j=1 (37)
< | 1+H, +H,

t t—T(t
+]-:zl[2(1—n) () - e ( r())]
a 1 ) 1, 1
+;[2(1—_d;)ei(t)_zei(t_dl(t))]-"z

ZZ [Me ) LyLye] ®)
t
_ L_M(t) e (s) LyLyeJ (s) ds]

and then

V, (1) < Z {—Jief (£) + Z |‘iji| le; [ L, 'ej (t)|
=1

i=1

®)] + ZI [ le: 0

& 3 (Bl les 1L, Je; ¢ -
j=1

t
ey @l ds Kiles ] (¢ - d, @)
t—u(t)

- A Ie,-<t)|} Z[e (t) Hye; () + €] (¢ =T (1))
2 (38)

1+H,
)90

- Hye; (t - T(t))]+2[
TACEEI0) +Zl[2(1 e (t)—%ef(t

1
—dl(t :|+EZ

i=1j

™=

[ue (t) LyLyeJ (t)
1

t
- L_H(t) S (s)LyLyeJ (s) ds] .

Based on Lemma 10, we get the inequalities as follows:

K;le; 0] |e; (t —dy (1) <] %ef (t) K Ke; (t)

bl (- dy (0)e (1 d, ),

e 0 Ly |e; ()] < —e () Liaka,L e, (1)
y J

+ %eJT (t)e; (t)

. (39)
B le | L, Je; (£ = ()| < e (t) Ly biibiL e (t)

b el (=T, (-7 (),
| ||e (t) L o y'ej (s| e (t)cﬂc]le ()

1Jf
+ = € (s)LLe(s)ds
2 t—u(®) yoyTl

Thus, we infer that

ACED {_erf 0+ Za Ly 0+ 5 ie? ®
j:I

i=1

+= sz L2e (t) + Ze (t—T(t))+—

m t
1
-Zc‘;ef ) + - ZJ eJT(s)LELyej (s)ds + -
t—p(t) 2

] 1
-Kkﬂﬂ+§éﬁ—%0D—MkAM}+l

[t 0

]:Z; [Hle§ (t) + Hye (t - )]+ ) 02

=1

HOE (t—r(t))]+z[2(l_d,)

i=1

Y-

el (t) - %ef (t-d, (t))] +

»

i=1j

_ J:_H(t) e () L7L e, s )ds] :

™z

[ye ) LyLyeJ()

I
—
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After organizing the above formulas, we deduce that

vx(t)<z[d+ z 2, L z 22, L z

+1K2+ ! ez(t)+i 1+1H
270 201-d) | 2 27!

Jj=1

(41)

L)
+E‘I/1Ly

1+ H, 2
Sk

With similar process of Vx(t), we obtain Vy(t) as follows:

Vy(t)sZ[

j=1

I,
Zmz] . Z bt 3 2.4
i=1

(42)

1, L
H 2(1—d’] Z[

eI

So according to (25) and the compilation of the above
equations, we have

m
+ EsLi +

n

=V, +V, () <) [—dﬁ %ié%
j=1

i=1

V(1)

1-d)) 2

1mZJZL2 1&, 1K2 1 1
+§leiy+izlcji+5 i+—2( + —
J= J=

(43)

1 m 1+, 2 < | .
+ -+ el + —/— | e () + -
PP 2(1-0y) P () Zl P
=
I .o 2 Iw, 1
YL YL 3
=

i=1

; 1+1H+ L+1+—I_12
fra-ay” Lt Y Cpu

.e§ (t) < 0.

According to the definitions of Kl.2 and K?, onehasV(t) <
0. Then

—d+ZL+ZL+ZEZ+K

U .
2(1—d’) 27 ]1

x
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1
++—]2£O)
2(1-0y)

1 . B n
S R TRE VT Y B

i=1

1 11 "o,

4+ -+ -H + —uL

+2(1—d;)+2+2 1T oHYy
1+H,

2(1‘71)_

J'

NI'—‘

(44)

Case 2. If |x;(t)| > T, [x;()] > T, ly;(O)] > R, [y;(0)] > R;
at time f, systems (3) and (5) can be reduced to the following
systems, respectively:

dx; (t) = [—J,-x,- &)+ Y a;if;(y;®)
j=1

3%

i (7 (=7 (1)
=1

.

(45)

+ )5 J fi(yj(9)ds+1, (t):l dt + Z,BJ,

j=1 t—p(t) j=1
[ty ),y - T(®)) dw; (©),

dx; (t) = l_gifi (t) + Zajifj (}7] (t))
j=1

+ ZE i (7=t ®)) + L)

. (46)

2l

£ (7;(9)ds + U, (1)

+ D Bi (67,0, 3 (¢ -7 (1) dw; (£) .

j=1

Then the corresponding error system can be defined as
follows:

[\/J§

a;iFj (e; (1))

de, (1) = [de(t)

j=1

EJIFJ- (ej t-1 (t)))

m t
+ )G J F; (ej (s)) ds — A; signe; (t)
t—p(t)



Mathematical Problems in Engineering 11
systems (3) and (5) can be rewritten as the following systems,
+Kie; (t—d, (1)) | dt respectively:
(47)

+Zﬁji (t,ej (t),ej (t—T(t)))dwj (t). _ m
= d&m={%mm+Z%EUND
j:l

The following line is similar to V,(t) of Case 1, and we

obtain Vy(t) and V() as follows: Ejifj (J’j (t-7 (t)))

+
INgE

(50)

-
1l

[\/]§

J fi(yj()ds+1, (t)] dt + Zﬁﬂ
= M(f) =1

V(t) = V(t)+V(t)<Z[ ~d; + - Z =i
Aty ),y - T(0)) daw; (1).

m

+1§1A92L2+1 ‘2+1K2+ ! +1
N2 SNE Sk —— 4 2
25 2 2 2(1-4y) 2
Therefore the corresponding response system can be

1 m 5 1+, ) Z described as
2 Per?2 w2772 | 24 —-p.
tohityeE "+2(1—ol)]e'()+jzl[ Pi us)

c 1
Nl + L2+>)g + =K, (t =
Z i Z”’f * ;qv 2K () dz; (1) = )+Z ifi (75 0)
1 1 1 n , 1+H, m
VI yIH 4P t2 .
Tra-ay T2ttt y+2(1—1'1)] + Y bif; (7t =T @) + L (1)
=1
-e5 (£) 0. (51)
m t
>y F10,@)ds U@ |ar
. i=1 t—u(t
According to the definitions of Ki2 and KJZ., onehas V() < !
0. Thus =
+ 3 Bii (67,0, 7; (¢ = 7(2))) da; (£).
=
1.
—d + L + - Z EKi
We define the error system
1 1 m _»
P L
fra-ay 2’ ]1 Bt
1+, = <
zazaﬁa %NF[%&M+Z%B@“D
(49) g
2 2 S 1 K2 m
—Pity lJLx tJLx Z 5 j +Z ( (t—T(t))) ( )x (t)
=
1 1
— + H + [AL m t
a-a) +Zfﬁj Fj(e; (5)) ds
j=1 t—p(t)
1+H, <0
2(1—1) - noo ~
1 + 2 (i -ay) £;(7,)
=
Case 3. If |x;(t)] < T;, Ix;(0)] > T;, ly;(0 < Ry, 1y;(0)] > +Z( D )f] (y] (t - T(t)))

R; at time ¢, on the basis of memristive connection weights, s
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~ —~ t —~
(& - %) L_W) £;(7;(9) ds
+Kie; (t —d, () — A, sign (e; (t)):| dt (52)
+ 3 Bii (tej () e; (t =7 (1)) dw; ().
j=1

We infer the following inequality through (26):

1+ H
e (t) 2

(1-7)" 2

V.0 <Y ey [2”H2

i=1 =1

rqu

e (t—‘r(t))] + e (t) - e (t

[ (ll-d’)

]
—

i

(53)

™z

;] [ye () LyLe; (1)

N | =

"dl(t) ] +

Il
—

- me e;.r (s) Lq;Lyej (s) ds] .
According to (52), we have
Vo ()= De(t) {_Jiei (B) + Y a;F; (e; ()
i1 j=1
+ Y b (e (=) + ) 5

=1 j=1

N | —

—d, (t)) — A, sign (¢; (t))]» +

T [Bi (te; ()¢t - (1))
j=1

n 1+H,
x Bii (te; (1), e;(t—T(1)))] +]:ZI [2(1_11
(t)— (t—T(t)) Z[—2(1_d,)

Mathematical Problems in Engineering
1
e (t)——e (t-d, (t))] ts

»

i=1j

ZNgE

[ pej ()L L e (¢) (54)

I
—

t
T T
- e»sLLe-sds].
Jo O
Through Assumptions 7 and 8 and Lemma 10, we get

V(t)<Z[d+ ZaﬂL+ Z %i?ﬁ
=1

m

1 2 1 2 1 n _,
+ K+ ———~ | e () + —H, +-uL
o Z(I—d;)]el() 2[2 1 21"‘ y

j=1

1+H,
+2(1+—_] t)+Z|e(t <l| ||9?(t)|

3

+ Z |a _“ﬂ' 'fJ iz (t))'

j=1

+ 3 [ =Byl | £ (7 6 =7 )]

i I £ (55 (9) ds
t—u(t)

A}

According to Assumption 7 and switching jumps, we
obtain

(55)

|fj ()71' (t) | y J’
|f; (73 == @) <T

Jt ()|f1 yJ(s) ds| Lt

—u(t)

(56)
Lijds =L, Ru(t)
< L,Rjp.

Then, (55) can be written as
. c ol 1o Ioe
Vx (t) < Zl —di‘l' EZ;aﬁLy+ EZ;thLy+ EZ;CJI
i= Jj= j= j=

1 5, 1 2 L no_,
+5Ki +2(1—_d;)]ei (t)+Zl £H1+§[4Ly
j=
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1+H,

+ﬁ] (t)+Z|e (t)|<l'd d|T,
* Zl @i = | LR, + Zl 6= Gl WL, R;
j= j=

+Z|l;ﬁ—l;ji|l“j—)xi}.

j=1
(57)

According to a similar process of Vx(t), we have V(t) be
extended as follows:

V)=V, () +V,(t) < Z

i=1

l ~d;+ = ZazL

+1§52L2+1m4+11<2+ ! +1]
N2 N+ kP —— 4=
25 a0 2T o (1-d)) 27!

(58)

Sk [Iﬁj -5+ ; iy~ LT
j= i=

+ ) | = A A+ Y |dy - ay| LTe - /\j] <0.
i=1 i=1

According to the definitions of K7, KJZ, Ajand A, one has
V(t) < 0. Then we get

—d+

ZL+Z

1 1 1+
+—,+—]1+msL2+—]2<0,
2(1-4d)) 2

2" 2(1-0y) "
Z 1] x anjo+ qu

11 s

1+ H
S L 2
2(1—d’) ! ” y

2(1—11)S

13
m
[d; = di| T+ Z @i = @ LRy + 3 |65 = G L, R,
j=1 j=1
m v —~
+ 3 |byi —by|T; - A, <0,
=
n n
1B = Bi| Ry + 2. [y = | LT + 3 [y = | 4
i=1 i=1
n
+y |qij - qi].| L,Te-1;<0.
i=1
(59)

Case 4.1t |x;(t)| > T, |x;(O)] < T}, [y;(O)] > R, [y;(H)] < R; at
time £, in accordance with switching jumps, the error systems
can be redefined as follows:

de; (t) = [_Jiei &)+ Y a@;F; (e; (1)
=1

+

M§

b (e; (t =7 (1))

-.
I
—

571) x; (1)

+ ZEJ, Jt—y(t) F (ej (s)) ds+ (sz -
+Z( -4 )fj(y](t))

j=1
(60)
+ 2 (B =) £ (5 ¢ — 7 ®)
j=1
NCEEAN EACACIEE
j=1 t—u(t)

+Kee; (t—d, () — A; sign (e; (t))] dt

+ Y Bi(te; (), e;(t =1 (1)) daw; (8).

j=1

Similarly, evaluating V,.(t) along the trajectories of (60),
we get Vy(t) and V (¢).

V() =V, ()+V, (t)<Ze )| -d, + =Y a,L?

1 1
sz K — t+ =
Z + = Zc + + (1—d{)+2]1



14

m 2 1 I o 2 1
+ —eL 2l eYe(t)|-p+=
2t S o ;,u[p] 5
Iv 1
2 A2 ~2
z]Lx z]Lx Equ] +
i=1 i=1
1 2 1+H,
+ —+ = H L+ —
2(1-dy 2T ” y 2(1_11)]

+ i le; (1) 'di - jt. Ti+ i 'aji - dﬁ| LR,
i1 st

m m . -
+ 2 [Gi =& uL Ry + ) [y = B[ Ty = Ay
j=1 j=1

m n

+ 3 ley | |85 — By Ry + ). |y = 1hy| LT,
j=1 i=1
n n

+ ) | - A+ Y |ay - dg LeTe - A5 | <.
i=1 i=1

According to the definitions of K7, KJZ., A;» and A, we

obtain the following estimation V() < 0. So we get

—d+ZL+ZL+Zc+K

1 1 m 5 1+],

— 4]+ —elt+ ——2_ <0,
+2(1—d’1)+2]1+2£ er2(1—01)
. +_ AZL AZL i Ll
p 2 4 ij = x ij > x 2 ]

=

+;+1H +—ul> + ——2_<0

2(1-d)) 1 ” 20-) "

|d, - d|T+Z|a — | L,R; - A,
j=1

m m " .
+ ) [6i = &l uLyR; + Y [by; — By T; < 0,

j=1 j=1

n
|Bj = Bj| Ry + Y |y =i | LTy = 4,
i=1

+Z'q’J qlJ|L £+Z|n1] JlAlSO

The proof of Theorem 11 is completed.

(61)

(62)

O

Remark 12. In some previous studies [23-27, 44] the authors
treated the self-inhibition d;(x;(t)) = 1 or d;(x;(t)) = d; >
0. It should be mentioned that the above researches cannot
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refer to the case that the self-inhibition switches at two
states. Because the discontinuous self-inhibition can make
the system illustrate the complicated nonlinear dynamic
behaviors, thus we considered the self-inhibitions d;(x;(t))
and p i yj(t)) as the state switching parameters.

Corollary 13. If Assumption 7 holds, systems (31) and (32)
without perturbations are asymptotically stable when the
following conditions are satisfied:

K <min{&,,5,},

K7 < min {TT;, L},

n . . m
A> Yy |d1- - di' T+ |éj,- - aﬁ| LR,
i=1 j=1

m . m
+ 3 [oi =B T+ Y |6 — i WLy R; | (63)
: &

=1

M=

Aj> |151‘171|Rj+2|mi' | LT,
<

i=1

n
+Z| Mij ~ ’J|A +Z|q1] qz]|£LxL, >
i=1

where

L, = max{|a;|,|Bi[},

L, = max {|og]. ||}

g, i[ A SR SR . ld,—meLfc
= -
1
l-o0,
- T < =2 1 2
B, =2d; - Z[ L +bL +c] l_d;—msLx
j=1
1 (64)
1—01’

C1-d)

I, = 2p; - Z [mULx + nULX + qu] S -

1
-1,

_ n[,tLZy _

Proof. The proof process is similar to Theorem 11. So the proof
is omitted. O
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Remark 14. Usually, we observe that the actual commu-
nication between subsystems of MBAMNNS is inevitably
disturbed by the time-varying leakage delays from various
uncertainties. Thus, we considered the time-varying delays in
the leakage term, and then we get the asymptotic synchro-
nization criterion for the drive and response systems.

Under Assumption 9, the drive system of MBAMNNSs
with mixed time-varying delays can be described by

dx; (t) = [_di (x; (1) x; (£ = & (1))

+ Zaji (x; (1)) 1 (J’j (t)) +1; (1)
=i
XA IONFACTIEEIO))
J=1

j=1

+ chi (x; (1)) «[t—#(t) f (}’j (S)) ds] dt

+ 3B (ty; (0, y;(t = 7(t)) dw; (£),
1 (65)

dy;(t) = |:_Pj ()’j (t)) y; =)
+ Yy (y; () g (x,(0) + 1, ()
i=1
+ i (=0 @) g; (x; (¢ =0 (1))
i=1

n t
+ a5 (v, ) J
i=1 t

g (x;(s)) ds] dt
t)
+ ) By (tx; (), x; (t = 0 (1)) dw, (8) .
i=1

And the corresponding response system can be defined as

dx; (t) = |:_di (% () x; (t =8 (1))

m

+Ya, (%) f;(7;0) + L) + U, 0)
=

b, (%, -t 0) £ (7 (£ - 7 1))
=i

m t
+ chi (% (1)) J fi ()7j (s)) ds} dt
j=1 t—u(t)

15
+ 3B (67,0, 5 (t - T(1)) da; (1) ,
j=1
dy;(t) = | -p; (5, ®) §; (¢t - ®)
+ Zmij ()7] (t)) g; (X (1) + ;1) + U, (t)
i=1
+ Y1 (7t -0 (1) g (% (t -0 (1))
i=1
. (t (%, ds|d
o, 0)] oo a
+ 3 B (6% (1), % (t — 0 (1)) dw, (t) .
i=1
(66)

Corollary 15. Suppose Assumption 7 is satisfied, then systems
(65) and (66) globally achieve synchronization under designed
sampled-data feedback controller (7) with the control law as
follows:

K <min{g,,8,},

K7 < min {IT;, IL,},

/\,>Zn: |:'J,~—¢f,»'T,+
i=1

M

|aﬁ - “J’i| LyR;

1

J

m . . m . 67
RS I
J= J=

|

-, By - et
i=1

™M=

1> 3 6Bl 3y -

I
—

+
M=

i=1
where
L, = max{log, B[},
:max{|“1| |/3]H
o 5 o[22 322 w2 1 2
.:I:d,-—Z(aﬂLy+bjiLy+ ﬂ) = —meL’,
=
a 1
l-0,
= T < ~2 1 2
:Z:d,—Z(aj.L +b:L +c) = meL’,
=1
1
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(272 2272 L 2 1 2
I, =p; - 2 (rhi].Lx +ig L + ‘71;) T nul’,
P
1
1-1°
S 2 1 2
I, =p; - Z; (szLx + nIJLx + qij) - 1——d; - nyLy
P
1
-1,
(68)
Proof. The proof process is similar to Theorem 11. So the proof
is omitted. O

Remark 16. Some existing researches show the criterion
for systems with differentiable delays, bounded in the in
the leakage term. However, when the time-varying delays
O(t) and {(t) are not differentiable or their derivatives are
unknown or no bounded, the criterion cannot be applicable
any more. Under these circumstances, the conclusion we
obtained is more valid and effective than the exciting results.

Corollary 17. Assume that Assumption 7 is satisfied; then
systems (65) and (66) with constant delays in the leakage term
(6(t) = 6,L(t) = () will achieve asymptotic synchronization
under the same criteria.

Remark 18. There is no extra restraint on activation functions
demanding that they are bounded and the time-varying
delays are mixed. Furthermore, overall consideration of our
obtained results with sampled-data control schemes is shown,
which can be expected to have a powerful potential appli-
cation in areas like associative memory, image encryption,
digital processing, and so on.

4. Numerical Simulation

In this section, numerical examples are presented to demon-
strate the results for plausibility and validity. Based on the fol-
lowing parameters, consider two-dimensional MBAMNNSs
with mixed time-varying delays and stochastic perturbations
as follows:

dx; (t) = !—di (x; (1)) x; (£)
2
+ Y a; (x,0) f;(y; ®) + 1 (2)
j=1
2
+ 3y (x, (= () f; (y; (t =T (1))
j=1

Z i (x; () J o fj(yj(s))dsld”zﬁf"
j=1

(0,55 = 7)) de; (1),
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dy; (t) = [—pj (y;®)y;®

2
+ Zmij (yj (t)> 9i (xi (t)) + Ij (t)
i=1

2

+ Y (3 (t =0 (1) gi (x; (¢ = 0 (1))

i=1

2 t
+ Zqij (}’j (t)) j ( )gi (x; (s)) ds] dt
i=1 t—e(t

2
+ Zﬁ,.]. (t,x; (), x; (t — o (t))) dw, (t),
i=1

(69)

and the corresponding response system can be defined as
dx; (t) = |:_di (X ®) % 1)
2
+ 28 (%5 0) f;(7,0)
=1

2
+ 3 (% (=7 (1) f;(7; (- T(1))
j=1

2

&) | f(50)ds 10

i1

+Ke; (t—d, (t)) - A, sign (e; (t))] dt

2
+ 3B (67,1, 7, (t -7 (1)) dw; (8) ,
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TaBLE 1: The relationship between convergence time and sampling period.

Sampling period d =0.001 d=0.01 d=0.1 d=1 d=10 d =100
Convergence time 1.616 1.566 1.515 3.030 10.510 Unstable
1 : 1
0.5+ 0.5
0+ 0F
) —0.5 | 3-:((, -0.5
< =
-1} -1t
-15¢ -15}
-2 -2
-1 0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
x1(8) ()
(a) (b)

FIGURE 2: (a) Phase trajectories of the x-layer of system (3). (b) Phase trajectories of the y-layer of system (3).
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FIGURE 3: (a) and (b) show the time response curves of drive-response systems (69) and (70); (c) and (d) show the curves of error systems

without or with delay-dependent controller (14), respectively.
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FIGURE 4: (a) The synchronization error of drive-response systems (69) and (70) without perturbations and control; (b) the synchronization
error of drive-response systems (69) and (70) without perturbations but under control.
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FIGURE 5: (a) The synchronization error of drive-response systems (65) and (66) without control; (b) the synchronization error of drive-
response systems (65) and (66) under control.

0.88, |x(t—-71(®)|<1, Taking the activation function as f;(-) = g,(-) = sin(| - |)
by (x, (t—7(1))) = and f,(-) = g,(-) = tanh(| - |), we have 7(t) = o(t) = 0.4 -
075, |x (t-7(®)|> 1, 0.Lsint, u(t) = e(t) = 0.5 + 0.5 cost, 8(t) = £(£) = 0.15¢. The
sampling period is taken as d, (t) = d,(¢) = 0.1 sint.
", ()’z (t - a(t))) _ |y2 (t- 0(t))| <2 We choose the initial values of the state variables as
099, |y, (t -0 ()] > 2. [x%,(0), %,(1)] = [-0.15,~0.35], [%, (1), %,(1)] = [-1.15, ~1.35],
[y, (), y,(8)] = [0.55,0.75], and [y, (t), y,(t)] = [1.55,1.75].
—-1.42, |y2 (t-o (t))| <2, We also define the external input [;(t), Ij(t)]T = [0,0]".
(32 (=0 (£)) = WemakeL, = L, = 0.00L,J, = J, = H, = H, = 0.00001;
152, |y (t-a®)] > 2. thus according to the Theorem 11, we calculate K; = —0.2,

7)  Kj=-1L,4=1;=-02.
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The Brownian motion satisfies Ew(t) = 0, Dw(t) = 1.
B;i ()€ (1), ¢ (t— 7 (1)) = diag {0.4e; (£)

+0.3¢; (t — 7 (1)), —0.5¢; (t) +0.2¢; (t — T (£))}, :
72
Bij (), €; (t), €; (t — o (1)) = diag {0.4¢; (t)

+0.3¢; (t — 0o (t)),—0.5¢; (t) + 0.2¢; (t — o (1))} .

The dynamic behaviors of drive-response systems are
given in Figure 2, and the following simulations are con-
ducted on the basis of this situation. In order to verify
Theorem 11, we take systems (69) and (70) as example.
Figure 3 shows the state trajectories of such systems with-
out control; then it illustrates the synchronization errors
correlation between the drive-response systems without and
under control. From the above illustration, we conclude
that systems (69) and (70) will achieve globally asymptotic
synchronization with the help of the proposed controller (14).

Based on Theorem 11, we indicate the considered systems
without perturbations. Under these circumstances, define the
errors as de;(t) = dx;(t) — dx;(t) and dej(t) = dy;(t) -
dyj(t); the error states without control and under control are
depicted in Figure 4. The comparison between (a) and (b)
provides the clearest significant role of the controller played
in the synchronization control.

According to Corollary 15, for given time-varying delays
O(t) and {(t), systems (65) and (66) are globally asymptoti-
cally synchronized under controller (14). In this simulation,
we take 8(t) = ({(t) = 0.15t, and Figure 5 depicts the
trajectories of error states. In order to testify Corollary 17,
we make 8 = { = 0.15 in the leakage terms; Figure 6
illustrates the error states of the proposed systems. From the
comparison results we conclude the sampled-data control

inputs which contribute to the effective chaos synchroniza-
tion.

Based on the model of Corollary 15, we choose the
different sampling periods to verify the relationship between
sampling period and the convergence time of error systems.
We set d, (t) = d,(t) = 0.001sint, d,(t) = d,(t) = 0.01sint,
d,(t) = d,(t) = 0.1sint, d,(t) = d,(t) = lsint, d,(t) =
d,(t) = 10sint, d,(t) = d,(t) = 100sint, respectively.
Figure 7 depicts the different error convergence correspond-
ing to the different sampling period. Table 1 gives the specific
convergence times corresponding to the different sampling
periods. We find that the larger the sampling period we take,
the worse the effect on the error convergence.

The error system becomes unstable when we choose
sampling period d, = d, = 100. Under these circumstances,
it means the sampled-data controller with the feedback gains
K; and K; is not enough to guarantee the stability of the
error systems. For comparing and analyzing the influence of
the sampling period relationship, we make the state feedback
controller with the same feedback gains. Figure 7 depicts the
trajectories of error states. From Figure 8 we detect that the
error system becomes stable at 11.921. So we conclude that
when we take the sampled-data controller, the effect on error
convergence is not only relevant to the feedback gains but
also related to the sampling period. Table 1 illustrates that the
best sampling period for our simulations is d,(t) = d,(t) =
0.01sint.

Remark 19. Comparing with the exciting researches on
MBAMNNS, we investigate the relationship between the
sampling period and convergence time. It can be found that
even the longer sampling period will cause the lower commu-
nication channel occupation, less packet transmission, and
little actuation of the controller; it also sacrifices the accuracy
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of controller at the same time. Thus the suitable sampling
period has important significance to the stable of error
systems. So our conclusion is greatly helpful to some potential
future research topics including synchronization or stability
on sampled-data synchronization strategy to NNs.

5. Conclusion

In this paper, a synchronization problem has been inves-
tigated for MBAMNNSs with stochastic perturbations and
mixed time-varying delays. The dynamics of the synaptic
weights between the drive and response systems were con-
sidered and analyzed rather than treating them as conso-
nants. Firstly, both various mixed time-varying delays and
stochastic perturbations are considered in this paper, which
include no-delay, finite distributed time-varying delays, dis-
crete time-varying delays, and leakage time-varying delays.
Secondly, we have proposed a sampled-data synchronization
strategy for each node of the MBAMNNS. By utilizing the
sign function and the definition of asymptotic stability, a
suitable nonlinear state feedback sampled-data controller is
designed. In addition, we verify the sampling period effect on
the convergence of error system according to simulations. By
utilizing the Lyapunov functional method, stochastic analysis
theory, and inequality techniques, some suflicient conditions
are derived to guarantee synchronization of the MBAMNNSs
model. Simulation examples have been presented to validate
the theoretical results.
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