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This paper investigates the synchronization problem of inertial memristive neural networks (IMNNs)
with time-varying delays via event-triggered control (ETC) scheme and state feedback controller for
the first time. First, two types of state feedback controllers are designed; the first type of controller is
added to the transformational first-order system, and the second type of controller is added to the orig-
inal second-order system. Next, based on each feedback controller, static event-triggered control (SETC)

condition and dynamic event-triggered control (DETC) condition are presented to significantly reduce the
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update times of controller and decrease the computing cost. Then, some sufficient conditions are given
such that synchronization of IMNNs with time-varying delays can be achieved under ETC schemes.
Finally, a numerical simulation and some data analyses are given to verify the validity of the proposed

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

As one of the most important dynamical characteristics of com-
plex systems, synchronization has been widely studied [1,2,3,4,5].
Currently, synchronization and neural networks can be applied in
many potential areas [6,7,8,9,10], such as image encryption, bio-
logical systems and secure communication. In 2008, the memristor
prototype was realized by HP lab using TiO, [11]. Since then,
memristor-based circuits and applications have been investigated
extensively in the academic world [12,13,14,15,16]. Because of
the nonvolatility of memristor, memristive neural networks
(MNNs) can be built with memristor to emulate synapse. MNN
has broad applications in several fields [17,18], such as logical
operations and image processing. Therefore, the topics of synchro-
nization of MNNs have attracted increasing attention
[19,20,21,23,24,25,26,27]. For example, Wu et al. researched a class
of memristive recurrent neural networks (NNs) and achieved expo-
nential synchronization of NNs via Lyapunov functional and differ-
ential inclusions [19]. In [20], global exponential synchronization
of memristive recurrent NNs with time-varying delays was

* This work was supported in part by the National Natural Science Foundation of
China under Grant 61971185, the Major Research Project of the National Natural
Science Foundation of China under Grant 91964108 and the Open Fund Project of
Key Laboratory in Hunan Universities under Grant 18K010.

* Corresponding author.

E-mail address: wch1227164@hnu.edu.cn (C. Wang).

https://doi.org/10.1016/j.neucom.2020.04.099
0925-2312/© 2020 Elsevier B.V. All rights reserved.

addressed by using Lyapunov functional method and fuzzy theory.
In [21], some sufficient conditions were presented to ensure
synchronization of coupled MNNs via impulsive differential
inequality and extended Halanay differential inequality. Li and
Cao [22] investigated lay synchronization and lag quasi-
synchronization of coupled MNNs by utilizing generalized Halanay
inequality and w-measure method. In [23], synchronization
problem of fractional-order MNNs was addressed under some suf-
ficient conditions.

It is worth noting that [19,20,21,23,24,25,26,27| focused pri-
marily on the first order derivative or fractional order derivative
of the state variables. Recently, the dynamical characteristic
research of MNNs via introducing an inertial term has attracted
great interest [28,29,30,31,32,33,34,35,36,37], because the inertial
term is considered as a key tool to generate complicated chaos
and bifurcation behavior. In [28], Wang et al. investigated global
stabilization of inertial memristive recurrent NNs with discrete
delays and two types of distributed delays. By using matrix mea-
sure method, stability and pinning synchronization of inertial
MNNs (IMNNs) with time delays were studied in [30]. Some suffi-
cient conditions were given in [31] such that global exponential
synchronization of coupled IMNNs can be achieved via state
feedback control method. In addition, by using different control
methods, synchronization of IMNNs can be realized in
[32,33,34,35,36,37]|. For example, finite-time synchronization of
IMNNs with time delay was addressed via delay-dependent control
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technique [32]. In [33], fixed-time synchronization and finite-time
synchronization of IMNNs were achieved via state feedback control
method. Similarly, fixed-time and finite-time synchronization of
IMNNs were studied by fixed-time control method and state feed-
back control method [34], respectively. In [36], global exponential
synchronization of IMNNs was investigated via nonlinear control
method. Using nonlinear coupling, namely, nonlinear feedback
control strategy, global exponential synchronization of multiple
coupled IMNNs with time-varying delays was achieved [37]. Cur-
rently, due to some advantages including reliability and high effi-
ciency, network control schemes such as state feedback control
method and nonlinear control method, have been widely
researched and applied in several areas [32,33,34,35,36,37,38,39].
However, these network control schemes used in IMNNs
[32,33,34,35,36,37] are based on continuous-time feedback con-
trollers, which means that these systems have heavy computing
burden. Seriously, these continuous-time controllers may lead to
congestion of communication channels.

As two sampling control schemes, time-triggered control [40,41]
and event-triggered control (ETC) [42,43,44,45,46,47,48,49,50] can
effectively reduce computing cost and communication resources.
Nevertheless, when the consecutive sampling-data interval is
infinitesimal, there exist wastefulness of computing cost and unnec-
essary energy consumption for time-triggered control. Fortunately,
ETC can solve the problem. Unlike time-triggered control, ETC can
significantly reduce update times of controller and ensure the sys-
tem performance. Therefore, ETC scheme used in controlled systems
has received increasing attention and some relevant topics have
been studied [42,43,44,45,46,47,48,49,50]. In [45], Zhang et al. dis-
cussed stability of MNNs with communication delays by using
event-triggered sampling control method. Using event-triggered
impulsive control, Zhou and Zeng realized quasi-synchronization
of MNNs with time-varying delays [46]. In [47], an event-triggered
H,, state estimation was designed and it guaranteed that delayed
discrete-time stochastic MNNs were exponentially mean-square
stable. Guo et al. presented two types of ETC methods for synchro-
nization of delayed MNNs [48]. In [49], an event-triggered commu-
nication scheme is proposed to save the communication resources of
nonlinear multiagent systems with unknown and nonidentical con-
trol directions. However, these ETC schemes were only considered in
the first-order system [42,43,44,45,46,47,48,49,50], and only one
type of measured error was addressed. This means the existing
ETC methods cannot be directly used in the second-order system
such as IMNNs which needs to consider two types of measured
errors. To the best of our knowledge, there is little work on synchro-
nization of IMNNS via ETC scheme.

Inspired by the discussion above, this paper investigates the
synchronization of IMNNs with time-varying delays via ETC
scheme for the first time. We summarize the main contributions
as follows.

1) This paper designs two types of state feedback controllers.
The first type of controller is added to the transformational
first-order response system, and the second type of controller
is added to the original second-order response system.

2) Based on each state feedback controller, two types of ETC
schemes, namely, static event-triggered control (SETC) and
dynamic event-triggered control (DETC) were designed.

3) Some sufficient conditions are presented to guarantee syn-
chronization of IMNNs with time-vary delays via ETC scheme
under two types of state feedback controllers.

4)Under ETC schemes, the IMNNs can effectively reduce the
update times of feedback controllers and decrease computing
burden. Moreover, compared with the existing ETC methods
[42,43,44,45,46,47,48,49,50], our control schemes are more
flexible.

The rest of the paper is organized as follows. In Section 2,
IMNNs with time-varying delays are introduced. Two types of con-
trollers and some ETC schemes are designed to realize synchro-
nization of IMNNs in Section 3. Section 4 presents a numerical
simulation and some data analyses to verify the effectiveness of
the obtained results. Finally, conclusions are given in Section 5.

2. Preliminaries

First, we give some notations which will be used later.
Notations: For a given

1
lally = >n-1l@m|.  For a
X = Xmzlpp, X1 = max Zinzl |Xmz|, and A(x) represents all eigenval-

vector

a=(a,0z,...,a)", given  matrix

ues of matrix x.
We consider IMNNs with time-varying delays as follows.

2
E00L0) by Pl o)+ 3 a0 % 010
+ Zﬁmz pm fz pz( TMZ(t))) + Im(t)7 m
=1,2,...,1, (1)

where p,,(t) is the state of the mth neuron; b, and c,, are constants;

the second order derivative of p,,(t) is an inertial term; o, and B,,,

represent memristive connection weights; f,(-) is the activation

function. 71,,(t) denotes time-varying delay and satisfies

0 < T (t) < 7, where 7 is a positive constant; I (t) is external input.
We consider the initial conditions of system (1) as

{pm(s) = Ym(S),

@S — @,(s), —T<s<O.

We set memristive connection weights as

&mz, |pm(t)‘ < Xm-,

Oz (P () = {&mz’ D (O] > Xm)

_‘mzv mt < -
BB (1)) = {f Pn(0)] < %
Pmzs Pm (O] > Y

where Gz, Oms, fmz and Z’mz are constants, y,, > 0 is the switching
jump. We denote

A = [Bime]

Oz = max{‘&ml‘v |“mz|}vzgmz = max{|[§mz|7 |ﬂm2‘}v

Q- [Bmz]lxl

LEtQm() dp,,, +COmpm() m=12,...,
stant, then system (1) can be rewritten as

I, where w,, is a con-

P = — Oy (t) + (), m=1,2,....1,

dqngt(t) _(b - wm)qm( ) - [Cm + wm(wm - bm)}

XPp(t) + Zamz P (0)f(p,(1)

+Zﬁmz pm fz pz( Tmz(t))) + Im(t) (2)
2 = —bpy(t) — CnPu(t) + Z“mz P (6)f(P.(1))

+Zﬁmz pm fz pz(t_TmZ( )))+Im(t):
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where Em = by — Om, Cm = C + O (O,
tions are

Pm(S) = Ym($),
A (S) = Om(S) + Om Yn(s),

— byy) and the initial condi-

-7<s<0.

Let system (1) or (2) be the drive IMNNS, then the response sys-
tem can be described in two forms, namely, Form (A) and Form (B).
Form (A):

Bl = —OnPn(t) + G (€) + Un(0),
dq&nt = 7bmqm — CmPm(£) + Zamz Pm(t
3)
xf(p:(t)) + Zﬁmz Pm(0)f (Dz(t — Tmz(t)))
Hin(t) + vn(t),
where up(t) and vn(t) are controllers.
Form (B):
azdt2 = by P20 _ o p(t) + Zocmz Pt
(4)
sz pl +Zﬂmz pm fz pZ t_TmZ(t)))

+1m()+ym() m=1,2,...,1,

where v, (t) represents the controller.

Let @ (t) = 220+ wypm(t), m=1,2,...,1, where o, is a con-
stant. Then system (4) can be rewritten as

dﬁ&nt(t) = _wmf’m(t) + Qm(t)z

dz’,’}’t(t) = _BQO Cmpm + Zamz pm

1 (5)

xf (P2 (t Zﬁmz Pm(6)f2(P(t — Tm(1)))

Him(t) + Um(8),
where by = by — W, Em = Cm + Om (O, — bm)

We define errors ey, (t) = pm(t) — pm(t) and 1 (t) = Gm(t) — g, (F)-

When the response system is system (3), we can get the errors
as

denll) — — omem(t) + () + Un(t),

drm(t)

da _b mPm(t ) - E‘mem(t)

+Zamz Pt

))8(€z(t))

[
+Z(“mz(ﬁm(t)) - OCmZ(pm(t)))fz(pz(t))
z=1

+Zﬁmz Pm(t
1

+> Bz (Pm(t))
z=1

*f2(P;(t = Tme(1))) + V().

where g, (e;(t)) = f,(p.(t)) — f,(p,(t)). Moreover, the vector form of
system (6) can be written as

= Tmz(1)))

)8, (e(t

- ﬁmz(pm(t)))

480 = —We(t) +r(t) + u(t),
‘”—3:—” r(t) — Ce(t) + A(B(t)g(e(t))
+(A(p(t)) — Alp(0)f (p()) 7)
+Q(p(t))g(e(t — 1(t)))
+(Q(p()) = Qp(1)f(p(t — (1)) + v(0).
where e(t) = (e1(t), e5(t), ..., ei(t)), r(t) = (ﬁ()fz(f) ----- (), W=
diag{wl,wz,...,w,},u( )—(u1(t) 2(0),.w(0)",B = diag {bl,bz,. }
C = diag{fﬁ GGl gle(t) = (gi(en(t), g(eat)),...gle(®)),
fo®) = (F1(0:1(0)L202(0),, FPONTADBD) = [Lma (B
A(p(t)) = [otmz(p(t ))]lxlv ®(0) = [Bune(PIE)]1i2P(E)) = [Bane (POt
v(t) = (v1(0),v2(t),.... (1))
When the response system is system (5), we can get the errors
as
dez,t(t) = _wmem(t) + Tm(t),
drg[ = —bpTm(t) = Cmem(t)
+Zocmz Pm(t))g:(e(t))
+Z<umz<ﬁm<t>> = (P (O)F (P (1)) ®)
JFz:ﬂmz Pm(t))g (ez(t — Tmz(t)))
+Z(/3mz(ﬁm(f)) = Bz (Pm (1))
z=1
Xf,(D,(t = Tuz(£))) + vm(t),
and the vector form
G = ~We(t) +1(0),
480 = —Br(t) — Ce(t) + A(P(t))g(e(t))
( (B(t)) — A(p(t))f (p(8)) ®)
+Q(p(t))g(e(t — (1))
+(Q(p(t)) — Qp())f (p(t = T(1))) + v(1),
where v(t) = (v(t), v2(t), ..., v(t).

We define measured errors as me(t) =e(t;) —e(t) and
mr(t) =r(t;) —r(t),Vt € [t;,ti;1). In ETC strategy, the state-
dependent threshold needs to be set. When the measured errors
exceed the threshold, the control will be updated under a new
triggering event. It is worth noting that limtﬂt; me
(t) = me(t;) =0, llmtﬁﬁmr(t) mr(t;) = 0, lim,_,- me(t) = lim,_-
e(tir)—e(t)#0 and  lime mr(t) = lime¢ r(t;i-1) —7(t) # 0.
Therefore, me(t) and mr(t) are discontinuous at t = t;.

Because time-varying delay 7. (t) satisfies 0 < T, (t) < 7, and
t € [t;, tiy1), then we can acquire t — Tp,(t) € [t; — T, ti,1), Where T
is a positive constant. It is worth nothing that the term ¢ — 7,,(t)

does not affect event-triggered control conditions introduced in
the Section 3.

Definition 1. If

lim(|p(€) - p(t)], =0,
and
lim3(0) - q(0), =0.

then IMNNs systems (2) and (3) (or (5)) can achieve asymptotical
synchronization, where p(t) = (p1(t), p2(t),..., Bi(t))", p(t) = (p; (L),
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Pa0), -, Pi(E)",G(0) = (@1 (£), Ga(E). .-, Qu(6)",q(6) = (a1 (), G2(8),
a).

Lemma 1. For the equation }(t) = —(1 + d)y(t) with d > 0 and ini-
tial value y(0) > O, the solution y(t) satisfies y(t) > 0.

Remark 1. In the literature, when the synchronization of drive-
response inertial NNs systems was studied, the response system
was usually considered in two forms, that is Form (A) and Form
(B). For example, references [33,34,35] adopted Form (A), and ref-
erences [30-32,36] adopted Form (B). Without loss of generality,
this paper investigates the synchronization of drive-response
IMNNs under the two forms.

3. Synchronization of inertial memristive neural networks

Because the response system is considered as Form (A) and
Form (B), the corresponding controllers in Form (A) and Form (B)
are different. Therefore, we will discuss two types of controllers
in this section. The first type of controller is added to the transfor-
mational first-order response system (3), and the second type of
controller is added to the original second-order response system

(4).
3.1. The first type of controller

We consider the first type of state feedback controller in the
Form (A) as follows
{u(t) = —He(t;),

v(t) = ~Ar(6) - Tsgn(r(t)).t € [t 6, (10)

where H:diag(h17h2,4..,h,)T and A =diag(A,A,...,A)" are
positive definite matrices; I' = diag(I';,T,,...,I))7;sgn() repre-

sents sign function; and ¢; is a release instant.
Assumption 1. Time-varying delay T,(t) satisfies
frnz(t) g 0 < 17

where 0 is a positive constant.

Assumption 2. Activation function f, is bounded and satisfies
Lipschitz condition, namely, If,(Up)| < N, and
If;(U1) — f,(U)] < Mz|U; — Uy| for any U;,U; € R, where M; >0
and N; > 0 are constants,z=1,2,...,L

(1) Static Event-Triggered Control
Theorem 1. IMNNs systems (2) and (4) can be synchronized under

Assumptions 1 and 2 with the first type of state feedback controller
(10) and the following SETC conditions

Imelt)], < & iy (1)

(L lIr(O); + @)

fort e [ti, ti1), if
min {(H)} > — min{A/(W)} +max{|i(f>|} 3

Mmax
35

QH] + Mmax

A,

min {A(A)} > 1 — min{i(B)} (14)

if sgn(ri(t))sgn(rm(t)) > 0,

I'm > Kn,
' 15
{ otherwise, (15)

Fm < 7Km7

and

1
Km > U&mz — O
z=1

where &, &, € [0,1], Mmax = max{M,},
1<z<l

N -
ﬁmz - .Bmz

+

}Nz, (16)

1y = min{A(W)} — max {M(f) |} _ A{’T?,X
M ]| + min {2(H)},

a,

=—1+ min{i(é)} +min {A(A)},

and

Bmz - Emz

1
+

- Z{Km -~

m=1 z=1

).
Proof. Consider a Lyapunov function as

V(e) = lle(®)ll, + [Ir®)ll;

[
YO i L le(en(s))]ds

m=12z=1

(17)

For t € [ti,ti11), we can get the upper right Dini-derivative of
V(t) as

V(t) < sgn’ (e(t))e(t) + sgn (r(t))i(t)

[
+ZZBmz [ﬁ |gz(eZ(t))| - |gz(ez(t - Tmz(t)))”

m=1z=1

= sgn’(e(t)){—We(t) + r(t) — He(t;)}

)+ (Q(p(1) — Q(p(1)))
ti) — I'sgn(r(t;))}

L1
+ZZBmZ [ﬁ |gz(eZ(t))| - |gz(ez(t - Tml(t)))ﬂ

m=1z=1

<~ min{A(W)}le(®)l, + IF(©)], ~ sgn” (e(t))He(t)
- min{i(f&') }||r(t)\|1 + max {M(C’) \}||e(t)||1

Al e, + s (re){(AG®) ~ Ap(E))
X (p()) + (RAB(E)) — QPO (P(E — T(0)))
~Ar(ty) - Tsgn(r(t))} + Yo Q| fle(o)l,

1-0
Combining with me(t) = e(t;) — e(t) and mr(t) = r(t;) — r(t), we
get
—sgn'(e(t))He(t;) = —sgn'(e(t))H(e(t) + me(t))
< —min{A(H)}|le(t)[, + max {i(H)}|me(t)];,

+Mmax

—sgn’ (r(t)) Ar(t;) = —sgn' (r(t)) A(r(t) + mr(t))
< —min {A(A)}r()[}; + max {A(A)}{imr(t)]];.
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According to Assumption 2, the following inequalities hold.

sgn’ (r(O){(AP(D) — A(p(6)))f (p(t))

+(Q(p(6) — Qp()f (p(t — () — T'sgn(r(t))}

L1
|

Z |:‘&mz - amz +

m=1z=1

ﬁmz - Emz

SgN (1 (£))sgn(rm(t:)) 'm

m=1
1 | _ . .
—Z{Km Z“fxmz—amz + ﬁmz_ﬁmz]Nz}
m=1 z=1
=-w<0

Then, we can get that

V(t) < [~ min{a(W)} + max {|2(C) |} + s

9,

+Mmax

AH] — min U(H)}] lle(t)]l, +max {2(H)}

x||me(t)||; + [1 - min{xl(B)} — min {)V(A)}]
x[[r(®)[l; + max {A(A)}|mr(t)|, — @

< (& = Dlle® s + (& = D(lr®l + @)

<0

Thus, the system (3) can achieve synchronization with the sys-
tem (2) under the SETC conditions (11) and (12). The proof is
finished.

The type of synchronization achieved in this paper is asymptot-
ical synchronization. The derivative of Lyapunov function V(t) is
not more than O, and each term of Lyapunov function V(t) in
(17) is nonnegative. Thus, |le(t)|; and |r(t)||, are asymptotically
stable as time goes on, in other words,

limp(t) - p(t) |, = 0
and
lim|g() — g(t), =0.

This means the synchronization between system (2) and sys-
tem (2) is asymptotical according to the Definition 1. Similarly,
the synchronization between system (3) and system (2) in the
following theorems and corollaries via SETC or DETC is also
asymptotical.

The feedback controller (10) is an essential item of realizing
synchronization of drive and response IMNNs. Its two items
u(t) and v(t) are respectively applied in errors e(t) and r(t) to
make error systems stable. In addition, u(t) and wv(t) are
unchanged when time ¢t € [t;, t;,1), which means that computing
cost decreases due to reducing the update times of feedback
controller (10).

Remark 2. When SETC conditions (11) and (12) are violated, the
controller (10) makes one update. That is to say, the controller (10)
does not need to re-do the calculation as long as SETC conditions
(11) and (12) are satisfied. Therefore, compared with the tradi-
tional continuous-time control methods [32,33,34,35,36,37], ETC
scheme can reduce communication burden based on ensuring
system performance.

Remark 3. Due to the limited communication resources and chan-
nel bandwidth, it is very necessary to reduce the update times of
controller and data transmission rate. ETC scheme for the synchro-
nization of IMNNSs can effectively reduce the update times of con-
troller and decrease computing cost. Therefore, ETC scheme for
IMNNSs is very practical and meaningful.

Remark 4. In [46,47,48], the synchronization of MNNs via ETC
schemes has been studied. These papers focused on the first order
derivative of the state variables and considered one type of error
variable, that is to say, one type of measured error was addressed
to achieve synchronization. Compared with the first order deriva-
tive of the state variables, the second order derivative is more com-
plicated and harder to be addressed. Currently, the solution for the
second order derivative is to transform the second-order system
into two first-order systems [28,29,30,31,32,33,34,35,36,37],
which means it needs to consider two types of error variables,
namely two types of measured errors. Therefore, the one error
variable strategy in [46,47,48] cannot solve the synchronization
problem of IMNN systems [28,29,30,31,32,33,34,35,36,37]. In other
words, the ETC schemes obtained in [42,43,44,45,46,47,48,49,50]
cannot be directly used for the synchronization of IMNN systems
[28,29,30,31,32,33,34,35,36,37]. Therefore, this paper proposes
the synchronization of IMNNs with time-varying delays via new
ETC condition and state feedback controller for the first time.

Corollary 1. IMNNs systems (2) and (3) can be synchronized under
Assumptions 1 and 2 with the first type of state feedback controller
(10) and the following SETC conditions

(lle(®)l, + @)

Imr@)l, < & L2l (19

for teltitiq), if matrices H A and T satisfy (13)-(16), and
&1, &, Wy, 1y and @ are the same as Theorem 1.

Proof. Combining the proof of Theorem 1 with (18) and (19), we
get

V() < [~ min{i(W)} + max {|2(C) |} -+ Yo
A|[, — min {2(H)}] el + max {2(H)}
[1 - min{i(B)} — min {A(A)}]

% [[r(8)]; + max {(A)} [mr(t)], ~

< (& =D llelly + @) + (& = DpblIr(©)lly
<0

af,

+Mmax

x||me(t)|; +

Thus, the system (3) can achieve synchronization with the sys-
tem (2) under the SETC conditions (18) and (19). The proof is
finished.

Corollary 2. IMNNs systems (2) and (3) can be synchronized under
Assumptions 1 and 2 with the first type of state feedback controller
(10) and the following SETC conditions

Ime(t], < AR (20)
Imre)), < 2l f S0 1)
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for t € [ti, tis1), ¢ € (0,1), if matrices H, A and T satisfy (13)-(16), and
&1, &, Wy, Uy, and @ are the same as Theorem 1.

Corollary 3. IMNNs systems (2) and (3) can be synchronized under
Assumptions 1 and 2 with the first type of state feedback controller
(10) and the following SETC conditions

Sy llet)lly + tm

[me(t)]; < max {A(H)} + &’

(22)
&), + (1 - O
max {A(A)} + &1y

fort € [ti, ti;1), £ € (0,1), if matrices H, A and T satisfy (13)-(16), and
&1, &, Wy, Wy, and @ are the same as Theorem 1.

[mr(6)]]; <

(23)

Proof. From (22) and (23), we can get

max {(H)}[me(t)[l, < &y (|le(ti)]l; — [Ime(t)|;) + @
< Sy lle®)ly + fwm,

max {A(A)}{|mr(t)];
< G (Il = Imr©)l) + (1 - OH@
< Qpb[r@©lh + (1 - H,

for t € [t;, tiy1), in other words, the inequalities (20) and (21) in
Corollary 2 hold. Thus, all the conditions of Corollary 2 are satisfied.

Remark 5. Because the state feedback controller (10) is added to
the transformational first-order system (3), it is very convenient to
set ETC conditions. From Theorem 1 and Corollaries 1-3, we have
lots of choices to set the conditions of measured errors me(t) and
mr(t), which the existing methods for MNNs introduced in
[46,47,48] cannot meet. Therefore, the first type of state feedback
controller (10) is very necessary and flexible for studying the
synchronization of IMNNs and choosing ETC conditions.

(2) Dynamic Event-Triggered Control
We set two dynamic variables a1 (t) and ,(t), which satisfy the
following conditions

01(t) = —01(8) + &y |le(d)]];
~ max {4(H)} [me(t). 24
G2(t) = —02(t) + & (1| r(0) ||y + @)

(25)
—max {A(A)}|mr(t)[|;,

where matrices H, A satisfy (13) and (14), and &;, &, ;t;, 4, and @
are the same as Theorem 1. The initial values of (24) and (25) are
01(0) and a,(0), and satisfy ¢1(0) > 0 and a,(0) > 0.

The dynamic variables ¢4(t) and o,(t) are used to control the
thresholds of measured errors me(t) and mr(t) in DETC scheme.
For example, error e(t) and dynamic variable o4 (t) are applied to
dynamically decide the threshold of measured errors me(t) in
(26); error r(t) and dynamic variable o,(t) are applied to dynami-
cally decide the threshold of measured errors mr(t) in (27). When
the measured errors me(t) and mr(t) exceed the thresholds pro-
vided in (26) and (27), the control will be updated under a new
triggering event. By introducing dynamic variables, the update
times of controller under DETC scheme is less than that under SETC
scheme.

Theorem 2. IMNNs systems (2) and (3) can be synchronized under
Assumptions 1 and 2 with the first type of state feedback controller
(10) and the following DETC conditions

[me(t)ll; < o1(t) + & max {A(H)}’

(lr@®)l, + )
max {A(A)}

for telti,ti), if matrices H/A and T satisfy (13)-(16), and
&1, &, Wy, 1y, and @ are the same as Theorem 1.

[mr(6)]l; < o2(6) + & (27)

Proof. From (24)-(27), we can get
G1(t) = —01(t) + max {A(H)}([lme(t)[l; — o1(t))
—max {4(H)}|ime(t)[l; = —(1 + max {A(H)})a: (1),
and
G2(t) = —0,(t) + max {A(A)} ([[mr(0)]|; — a2(t))
—max {(A)}|mr(6)]l, = —(1 + max{i(A)})0,(0),
Therefore, we can obtain that o¢(t) > 0 and o,(t) > 0 accord-

ing to Lemma 1.
We define the following function

Vi(t) = V() + 01(8) + 02 (¢)
where V(t) is the same as (17).
For t € [ti, tiy1), we can get the upper right Dini-derivative of

Vi(t) as

Vi(t) = V(1) + 61(0) + (1)

< [7 min{(W)} + max \,1(6) \} + Moo
Al = min GZ(H) e,
+max {A(H)}|me(t)], + [1 - min{i(B)} ~ min {z(A)}]
x[[r@)lly +max{A(A)}[[mr(t)], — @

—01(t) + &y [le(t)]; — max {A(H)}|me(t)],

—03(8) + & (fho[Ir () [, + @) — max {A(A)}|mr(t)|;
= —ylle(®)lly — o1 () + & lle(O)lly — pllr (@)l

~@ = 02(t) + & (1O + @)

< (& = Dylle®lly + (& = V(e lIr@)ll; + @)

—01 (t) — O'z(t)

<0

a,

+Mmax

Therefore, IMNNSs systems (2) and (3) can be synchronized with
the state feedback controller (10) and the DETC conditions (26) and
(27). The proof is finished.

Similar to Theorem 2, we can have the following corollaries.

We introduce two dynamic variables o3(t) and 04(t), which sat-
isfy the following conditions

G3(t) = —a3(t) + & (1, |le(t)]]; + @)
—max {Z(H)}||me(t)];,

G4(t) = =04(t) + &S |r(D)]l — max{A(A)}|mr(t)];,

where matrices H, A satisfy (13) and (14), and &, &, 14, 4, and @
are the same as Theorem 1. The initial values are ¢3(0) and 04(0),
and satisfy 03(0) = 0 and g4(0) > 0.

Corollary 4. IMNNs systems (2) and (3) can be synchronized under
Assumptions 1 and 2 with the first type of state feedback controller
(10) and the following DETC conditions

(e, + @)
[me(t)ll; < o3(t) + & Wv

JIAGIR
max {A(A)}’

for teltitiq), if matrices H A and T satisfy (13)-(16), and
&1, &, Wy, 1y and @ are the same as Theorem 1.

[mr(©)ll; < oa(t) + ¢
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Similarly, we denote two dynamic variables os(t) and og(t),
which satisfy the following conditions

G5(t) = —as(t) + & iy e, + (@ o8
— max {A(H)} [ me(t)].

s(t) = —05(t) + Spb|r(O)], + (1 - H@

29
~ max (A(A)}mr(0)].. @9)

where matrices H, A satisfy (13) and (14), ¢ € (0,1), and &1, &, fq, iy
and @ are the same as Theorem 1. The initial values are ¢5(0) and
06(0), and satisfy 05(0) > 0 and 06(0) > 0.

Corollary 5. IMNNs systems (2) and (3) can be synchronized under
Assumptions 1 and 2 with the first type of state feedback controller
(10) and the following DETC conditions

Sty el + (@

Hme(t)Hl g 05(t) + max {;.(H)} ’ (30)
Imre)], < oo(e) + 22l S0, 31)

for t € [ti, ti1), ¢ € (0,1), if matrices H, A and T satisfy (13)-(16), and
&1, &, Wy, 1y, and @ are the same as Theorem 1.

Proof. From (28)-(31), we get

o5(t) = —(1+max {i(H)})os(t),
and
06(t) = —(1+ max {A(A)})as(t).

Then, we can obtain that o5(t) > 0 and gg(t) = 0.
We define the following function
Va(t) = V(t) + o5(t) + gs(t),

where V(t) is the same as (17).

For t € [t;, tiy1), we can get the upper right Dini-derivative of
V,(t) as
Va(t) = V(1) + G5(t) + G6(t)
< [~ min{2(W)} + max {12(C) [} + Y
Al — min {2H)}] e,
+max {A(H)}|me(t)|], + [1 - min{i(é)} — min {z(/\)}]

x[r()lly + max {A(A) Hmr(O)], — @

—0s(t) + &y lle(t) |y + fm — max {A(H)}[[me(t) |,
=06(t) + &L (O]l + (1 — )@ — max {2(A)}|mr ()],
= —lle(®)lly — as(t) + &y el — 1 llr ()]l

—05(t) + &, ()1l

(&1 = Duylle®ll; + (& —
0,

9,

+Mmax

D [r@©)lly — as(t) — o6(t)

<
<

Therefore, IMNNs systems (2) and (3) can be synchronized with
the state feedback controller (10) and the DETC conditions (30) and
(31). The proof is finished.

Corollary 6. IMNNs systems (2) and (3) can be synchronized under
Assumptions 1 and 2 with the first type of state feedback controller
(10) and the following DETC conditions

max {A(H)}
Ime(®)lly < maxiamre 95 ()

+ Sty lle(t) | +m
max {A(H)}+& 7

(32)

and

MOl < marpin s Ts(0)
(33)
+M
max {A(A)}+&

for t € [ti, tis1),£ € (0,1), if matrices H, A and T satisfy (13)-(16), and
&1, &, Wy, 1y and @ are the same as Theorem 1.
Proof. From (32) and (33), we can get
max {A(H)}me(t)]|, < max{i(H)}as(t)
+&py (let)ll; — [Ime(t)]l;) + tw
< max {A(H)}os(t) + &y lle(t)|ly + (@,
and

max {2(A)}mr(t)||; <
+52ﬂ2(”r(tx)H1 — ||mr(t )Hl)
< max {A(A)}as(t) + E |1t +

for t € [ti, tiy1), in other words, the inequalities (30) and (31) in
Corollary 5 hold. Thus, all the conditions of Corollary 5 are satisfied.

max {4(A)}as(t)
+(1-0w
1-0w

Remark 6. By introducing two dynamic variables, DETC scheme
can be obtained. It is very convenient to set DETC conditions due to
the first type of state feedback controller (10). By analyzing SETC
and DETC conditions introduced in Theorems 1,2 and Corollaries
1-6, the construct of SETC and DETC is different. In SETC
conditions, the thresholds of measured errors me(t) and mr(t) are
decided by e(t) and r(t) (or e(t;) and r(t;)), respectively. While in
DETC conditions, the thresholds of measured errors me(t) and
mr(t) are decided by e(t),r(t) (or e(t;),r(t;)) and two dynamic
variables. Compared with DETC scheme, SETC scheme is simpler.
But DETC scheme is more flexible than SETC scheme. Moreover, the
update times of controller under DETC scheme are less than that
under SETC scheme, which will be verified in Section 4.

3.2. The second type of controller

Now, we discuss the second type of controller which is added to
the original second-order system (4) or (5).

We consider the second type of state feedback controller in the
Form (B) as follows

v(t) = —Ar(ti) — I'sgn(r(ti)), t € [ti, tis1) (34)

where A =diag(A1,Az,... ,A,)T is positive definite matrix;
I' =diag(I'y, I, .. .,F,)T;sgn() represents sign function; and t; is a
release instant.

(1) Static Event-Triggered Control

Theorem 3. IMNNs systems (2) and (5) can be synchronized under

Assumptions 1 and 2 with the second type of state feedback controller
(34) and the following SETC condition

(Kallr (O]l + )

”mr( )Hl =X gz maX{A(A)} ’ (35)
for t € [t;, tiz1), if
min {(W)} > max {|2(C)1} + Ilv"““ Q|| + Mo & (36)

and inequalities (14)-(16) hold, and &,, i, and @ are the same as The-
orem 1.

Proof. Consider a Lyapunov function V(t) which is described in
(17). For t € [t;, ti,1), we can get the upper right Dini-derivative of
V(t) as
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V(t) < sgn’(e(t))é(t) + sgn (r(t))i(t)
1 1
Y Bme[518(e2(0))] — (€. (E2(t — Tma(1)))]]

m=1z=1

= sgn’(e(t)){—We(t) + r(t)}

+sgn’ r(t)){ T(t
( (d(t)) — A(p(t)
+Q(p(t))g(e(t — (1)) + (Qp(t)) — Q(p(t)))
f( (t=1(t)) — Ar(t;) — I'sgn(r(t;))}

+ZZBmz 115182 (€2(0)] — g (ez(t — Tmz(1)))]]

m=1z=1
< —min{ZA(W)}e(®)|l, + T,

—min{2(B) bir(©)l, + max {12(C) }le(o)l;

Mo [A] 1O}, = min {A(A)} O],
i

- [7 min{z(W)}+max{M(5)l} + Minax AH]
) Jie)l, + [1 - min{2(B)} - min {:(A)}]

x[Ir(®)[l; + max {Z(A)}|mr(t)[; — @
< (& - 1)(#2”"“)“1 +w) <0

Therefore, IMNNs systems (2) and (5) are synchronized. The
proof is completed.

To achieve synchronization of IMNNs, the derivative of Lya-
punov function needs to be not more than 0. Therefore, we can
have &; € [0,1] and &, € [0, 1], which are described in all theorems
and corollaries. For example, in the proof of Theorem 3, some con-
ditions are provided to make the following inequality

(
Ce(t) + A(B(t))g e(t)

( ) -
( ) (p(t))
t

+max {A(A)}|[mr(t)], + =

| I
Z{Km - ZU&W — Ol | +

m=1 z=1

Q| llect)l,

5 —
ﬂmz - ﬁmz

+ Mmax

V(t) < (& = D(w|Ir)l, + @)

hold. Therefore, &, < 1 such that V(t) <
dition in Theorem 3 is given by

0. In addition, the SETC con-

(allr(©l, + @)

[mr(6)[l; < & max {Z(A)}

This means that & > 0. Thus, we can get &, € [0, 1]. The similar
results for ¢ € [0,1] and &, € [0, 1] in other theorems and corollar-
ies can be obtained. Therefore, Table 1 and Table 2 in the Section 4
show the data transmission rate with &, € [0, 1].

Corollary 7. IMNNs systems (2) and (5) can be synchronized under
Assumptions 1 and 2 with the second type of state feedback controller
(34) and the following SETC condition

S(t)r)l, + @)

max {A(A)} + Gty G7)

[mr(6)]; <

for t € [ti, tiy1), if inequalities (14)-(16) and (36) hold, and &, u, and
w are the same as Theorem 1.

(2) Dynamic Event-Triggered Control

Theorem 4. IMNNs systems (2) and (5) can be synchronized under
Assumptions 1 and 2 with the second type of state feedback controller
(34) and the following DETC condition

()l + @)
max {A(A)}

fort e [t;, ti;1), if inequalities (14)-(16) and (36) hold, &,, u, and @ are
the same as Theorem 1, dynamic variable o, (t) satisfies the condition
(25).

[mr(6)]l; < 02(6) + & (38)

Corollary 8. IMNNs systems (2) and (5) can be synchronized under
Assumptions 1 and 2 with the second type of state feedback controller
(34) and the following DETC condition

max {A(A)}
Imr(e)ll; < g oo o2(0)

(t2lIr) 1 +@)
max {Z(A)}+epy ?

+&

fort e [t;, ti;1), if inequalities (14)-(16) and (36) hold, &,, u, and @ are
the same as Theorem 1, dynamic variable o, (t) satisfies the condition
(25).

In this paper, four theorems and eight corollaries are proposed,
and the event-triggered control condition has many forms. The
basis for these forms of event-triggered control conditions is to
make that Lyapunov function will be not more than 0. We take
Theorem 1 and Corollary 1 as examples to explain the basis of
these forms.

The purpose of Theorem 1 and Corollary 1 is to let V(t) < 0.
Thus, we can set different ETC schemes to make V(t) < 0.

Then the SETC conditions (11) and (12) in Theorem 1 are built,
such that

V() < (& = D lle®ll + (& = D (i)l + ).

Similarly, the SETC conditions (18) and (19) in Corollary 1 are
structured, such that

Table 1
For fixed time interval h = 0.0025,t = 5, performance parameters: T;,R, and T, under the second type of controller and SETC condition (42) with different ¢&,.
& 0 0.2 04 0.6 0.8 1
T: 2000 154 91 59 48 31
Ry 0.0025 0.0095 0.0202 0.0257 0.0491 0.0534
T, 100% 7.70% 4.55% 2.95% 2.40% 1.55%
Table 2
For fixed time interval h = 0.0025,t = 5, performance parameters: T;,R, and T, under the second type of controller and DETC condition (43) with different ¢,.
& 0 0.2 04 0.6 0.8 1
T¢ 878 150 63 12 9 6
Ry 0.0040 0.0119 0.0258 0.1204 0.1347 0.6698
T, 43.90% 7.50% 3.15% 0.60% 0.45% 0.30%
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V(t) < (& - 1)(#1“3(0“1 “'w) + (& = D |Ir)];

Finally, by using ¢;, &, € [0, 1], we can obtain V(t) < 0.

Remark 7. Different from the first type of state feedback controller
(10), the second type of controller (34) is added to the original
second-order system. The two types of controllers have their
respective advantages. On one hand, it is more convenient to set
SETC and DETC conditions under the first type of controller than
that under the second type of controller. On the other hand, the
second type of controller is simpler than the first type of controller.
According to practical needs, we can adopt appropriate controller.

Remark 8. ETC schemes have been widely used in the first-order
systems [42,43,43,44,45,46,47,48,49,50]. Compared with the
existing ETC methods [42,43,43,44,45,46,47,48,49,50], the pro-
posed ETC schemes have two significant advantages: 1) Wider
application - The proposed ETC schemes can be used in the
second-order systems besides the first-order systems; 2) More
flexible - Due to more chances and choices to set ETC conditions,
our ETC schemes are more convenient and flexible.

Remark 9. If there exists a finite constant Q such that

limt; = > “(ti1 —t) = Q,

e i=0

then system exhibits Zeno behavior [51]. Nevertheless, Zeno behav-
ior is not desired in system. When event-triggered release times in
finite time is finite, namely, execution time t; = t;,; —t; is bigger
than a positive constant, then Zeno behavior will not occur in the
system. Actually, all SETC and DETC conditions provided in these
theorems and corollaries of this paper will not make IMNNs exhibit
Zeno behavior. We take Theorem 3 as an example. In Theorem 3,
when event is triggered for t € [t;, t;;1), we can have

Hmr(tlﬂ)Hl > §2 (Hz”r( )Hl +W)

max{A(A)}
In addition,
slmr@lly < [[Emr©), = IFo1,
= |[~Br(t) - Ce(ty + AGB®)F (1))

—APOY (P() + QRO (B - T(1)))

—Q(p(O)f (p(t — T(1))) — Ar(t:) - Tsgn(r(c:)
<[ + [} et +2([}A], + < ) tns
A (el + 1T,

< |[B| imrc i+ (|B], + 1 ) Ircepn, + i,
€] e +2([4], + ], )Mas

Combining with V(t)
le()ll; < V(0)
and
[r(®)[l; < V(0).

Let

< 0 and the expression of V(t), we can get

5= (|8, + 1At +|[€], )veoy+ i,
2(]a]] + ], M

Then,
Simrol, <|[B] imro) -+

Because mr(t;) = 0, we can have

”mr(t)H]\HBH {H B, 0 ]

for t € [t;, tis1). So,

Pl L) ) < !i!H lflh - ]

and

f =t > In [zllEHl(ugurumﬁw)+1}

ol max [Z(A)}]

B,

= ﬁ In |:max{/ A} + ]:|

Therefore, under the conditions of Theorem 3, error system (8)
(or (9)) will not exhibit Zeno behavior.
4. Numerical simulation and data analyses

In this section, we provide an example and some data analyses
to verify the validity of the obtained results.
Example. Consider a drive IMNN as

2 2
E2 = b 2512~ () + 3 (P 1)
(39)
xf2(p.(t)) + Zﬁmz P (0)f (D (t = Tmz(1)))
(0, m— 1,2,
where b; =b, =4.5;c Tmz(t) = 0.1sin(t),m,z = 1,2;

C18

1=
external input I (t) = I5(¢) ; memristive connection welghts

12, p(0)<1
a11(py (b)) = {09 p,(6)] > 1

- (0, B
s (pa(0) = { o5 },‘;Eiil o1,
2= {030 )51
puei©) = { 030 :58: o
b= {05 o1
P P> (0)) = {325 |p|f<2t(>t|)|><1>1’
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0'4’ |p2(t)| > 17

Then, we can get that

. 712 03
A:{O.S 0.25}’

Baa (P2 (1)) = {

- {0.48 0.56}
08 06 |

and HAH -2, HQH -1.28.

Set w; = w; =4 and q,,(t) = 2=l 4 4p_(t),m = 1,2. Then sys-
tem (39) can be rewritten as

Dl = —dp; (6) + g4 (1),

Ta = —Ap, () + g5(0).

400 = —0.5q,(t) + 0.2p, (t +Zalz pa(t

sz pz + Zﬁlz pl fz pz TmZ(t)))v (40)

9810 — _0.5q,(t) + 0.2p,(t) + Zoczz p,(t

xf2(p.(t)) +Zﬁzz P2 (0))f (P, (t — Tz (1)),

We consider the second type of controller, therefore, the corre-
sponding response system (Form (B)) can be written as

d‘d = —4p(t) + 1 (1),

W20 — 4P, (t) + Ga (1),

40 — —0.5q;(t)

+02p1

) + Zocu Pt

NF2(P2(t = Tma(1))) + 21(8),

)+ Zdzz pa(t

fz(pz(t - Tmz( ))) + 7/2(t)7

sz pZ

+ Zﬂlz pl

B0 — —0.5q,(t)

(41)

+02p2

sz pZ t) + ZﬁZz pZ

Considering activation function f,(x) = 221 we can obtain
that M, = 1,N, = 1,z = 1, 2. Combining with

2 —
Z “&u — O1z| + | P12 — P12 }Nz =0.78
z=1
and

2 — N —
Z“cle— Oaa| + |Boz = P }Nz =081,
z=1

we can set k1 = 0.8, k; = 0.83, @ = 0.04. Then, we set I" as follows

{ It =082, if sgn(r(t))sgn(r(ti) > O,

I'y = -0.82, otherwise,

and

{ I'; =0.85, if sgn(ry(t))sgn(r2(t;)) > 0,
I', = -0.85, otherwise,

Choosing A = diag{0.75,2}, we can get that u, = 0.25.

1

0
or &0 ||
71 - 4
:;N
-
_3 4
74 4
75 1 1 1 1 1 1
0 0.5 1 1.5 2 2.5 3 3.5

Time(second)

Fig. 1. Synchronization errors e; (t) and e,(t) of systems under SETC condition with
the second type of controller and &, = 0.5.
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Fig. 2. Synchronization errors rq(t) and r(t) of systems under SETC condition with
the second type of controller and &, = 0.5.
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Fig. 3. Sample errors ry(t;) and r,(t;) of systems under SETC condition with the
second type of controller and &, = 0.5.



W. Yao et al./ Neurocomputing 404 (2020) 367-380 377

7mrl(t)
- mrz(t) |
:
. |
1.5 2 2.5 3 3.5

Time(second)

Fig. 4. Measured errors mr;(1) and mr,(t) of systems under SETC condition with
the second type of controller and &, = 0.5.
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Fig. 5. 1-Norm ||mr(t)|, and the threshold &,(0.125||r(t)|, +0.02) under SETC
condition with the second type of controller and &, = 0.5.

Therefore, we can obtain the following SETC and DETC condi-
tions.1) SETC condition (Theorem 3):

[mr(t)]l; < &(0.125[|r(8)]l; +0.02), (42)
2) DETC condition (Theorem 4):
[mr(6)]l; < 0a(1) + &(0.125|r(t)]|; +0.02), (43)

for t e[t ti1), & €[0,1], where G5(t) = —0(t) + & (0.25||r(t)]l;+
0.04) — 2||mr(t)||;, the initial value satisfies ¢,(0) > 0.

From the conditions of Theorems 3 and 4, we can get that the
IMNN systems (40) and (41) can be synchronized with the second
type of controller under the SETC condition (42) and DETC condi-
tion (43).

As shown in Figs. 1, 7, 2, 8, errors ep(t) and r(t),m = 1,2 con-
verge to zero asymptotically under SETC and DETC condition. Sam-
ple error r,(t;) and measured error mry,(t) are shown in Figs. 3, 9, 4,
10, respectively. Before measured error mry(t) breaches the SETC
or DETC condition, sample error r,(t;) remains unchanged. When
measured error mrp,(t) breaches the SETC or DETC condition, in
other words, 1-norm |mr(t)|; exceeds the threshold

1.2

0.8

Event

0.4

0.2

0 0.5 1 1.5 2 25 3
Time(second)

Fig. 6. Event-triggered instants under SETC condition with the second type of
controller and &, = 0.5.

e,®
&,(0)

o |

el

=1

<

:;_

78 1 1 1 1 1 1
0 0.5 1 1.5 2 2.5 3 3.5

Time(second)

Fig. 7. Synchronization errors e; (t) and e, (t) of systems under DETC condition with
the second type of controller and &, = 0.5.
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Fig. 8. Synchronization errors ry(t) and r,(t) of systems under DETC condition with
the second type of controller and &, = 0.5.
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Fig. 9. Sample errors ri(t;) and r,(t;) of systems under DETC condition with the
second type of controller and &, = 0.5.
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Fig. 10. Measured errors mry(1) and mr,(t) of systems under DETC condition with
the second type of controller and &, = 0.5.
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Fig. 11. 1-Norm |imr(t)||, and the threshold o (t) + & (0.125|r(t)||, + 0.02) under
DETC condition with the second tye of controller and &, = 0.5.
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Fig. 12. Event-triggered instants under DETC condition with the second type of
controller and &, = 0.5.

&(0.125]|r(t)||,+0.02) for SETC condition and a3 (t)+¢&, (0.125]|r(t) ||,
+0.02) for DETC condition, the event is triggered, as shown in
Figs. 5, 6, 11 and 12. In this paper, IMNN systems (41) and (40)
can be synchronized and effectively reduce the update times of
controller via SETC or DETC scheme.

Now, we discuss the relationship between parameter &, and
trigger frequency. There are three performance parameters (trigger
times T;, data transmission rate T, and average release period R,)
which will be used. Table 1 shows that there are just 154 trigger
times and 7.70% data transmission rate when we set &, = 0.2 under
SETC strategy. In other words, the controller just updates 154
times, and saves 92.30% computational resource. As parameter &,
is increased to 1, the trigger times and data transmission rate are
decreased to 31 and 1.55%, respectively. Moreover, the increasing
average release period means that trigger times will decrease
when parameter ¢, is increased from O to 1. Therefore, we can
obtain that a large parameter ¢, under SETC strategy (42) can
reduce computational burden and trigger frequency.

From Table 2, the controller updates 150 and 6 times, and saves
92.50% and 99.70% computational resource when ¢&, is 0.2 and 1,
respectively. As parameter ¢, is increased, the trigger times and
data transmission rate are decreased, and average release period
is increased. Similarly, we can obtain that a large parameter &,
under DETC strategy (43) can reduce computational burden. For
fixed parameter ¢,, the trigger times and data transmission rate
for DETC strategy are less than those for SETC strategy. Therefore,
DETC strategy is a more appropriate way for achieving synchro-
nization of IMNNs.

5. Conclusion

This paper discusses two types of state feedback controllers.
The first type of controller is added to the transformational first-
order system, the second type of controller is added to the original
second-order system. Moreover, based on each controller, we
study SETC and DETC strategies for synchronization of IMNNs with
time-varying delays. Compared with traditional continuous-time
control methods, ETC strategies can effectively reduce the update
times of controller and computational burden. Finally, numerical
simulation and data analyses are given to verify the validity of
the obtained results.
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In the future works, we will consider synchronization of various
memristive neural networks via event-triggered control. Due to
dependence on state for parameters of memristive neural net-
works and environment disturbances, there may be parameter per-
turbations in the systems in reality. Therefore, it is very interesting
to study synchronization of memristive neural networks under
some parameter perturbations via event-triggered control.
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