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Abstract

This paper investigates the synchronization problem of inertial memristive neu-
ral 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 original 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 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 results.
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1. Introduction

As one of the most important dynamical characteristics of complex sys-
tems, synchronization has been widely studied [1-5]. Currently, synchroniza-
tion and neural networks can be applied in many potential areas [6-10], such
as image encryption, biological systems and secure communication. In 2008,
the memristor prototype was realized by HP lab using 79O [11]. Since then,
memristor-based circuits and applications have been investigated extensively in
the academic world [12-16]. Because of the nonvolatility of memristor, memris-
tive 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 synchronization of MNNs have
attracted increasing attention [19-27]. For example, Wu et al. researched a
class of memristive recurrent neural networks (NNs) and achieved exponential
synchronization of NNs via Lyapunov functional and differential inclusions [19].
In [20], global exponential synchronization of memristive recurrent NNs with
time-varying delays was addressed by using Lyapunov functional method and
fuzzy theory. In [21], some sufficient conditions were presented to ensure syn-
chronization of coupled MNNSs via impulsive differential inequality and extended
Halanay differential inequality. Li and Cao [22] investigated lay synchroniza-
tion 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 sufficient conditions.

It is worth noting that [19-27] focused primarily on the first order deriva-
tive or fractional order derivative of the state variables. Recently, the dynam-
ical characteristic research of MNNs via introducing an inertial term has at-
tracted great interest [28-37], 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)
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with time delays were studied in [30]. Some sufficient 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 differen-
t control methods, synchronization of IMNNs can be realized in [32-37]. For
example, finite-time synchronization of IMNNs with time delay was addressed
via delay-dependent control technique [32]. In [33], fixed-time synchronization
and finite-time synchronization of IMNNs were achieved via state feedback con-
trol method. Similarly, fixed-time and finite-time synchronization of IMNNs
were studied by fixed-time control method and state feedback control method
[34], respectively. In [36], global exponential synchronization of IMNNs was
investigated via nonlinear control method. Using nonlinear coupling, name-
ly, nonlinear feedback control strategy, global exponential synchronization of
multiple coupled IMNNs with time-varying delays was achieved [37]. Currently,
due to some advantages including reliability and high efficiency, network control
schemes such as state feedback control method and nonlinear control method,
have been widely researched and applied in several areas [32-39]. However, these
network control schemes used in IMNNs [32-37] are based on continuous-time
feedback controllers, 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) [42-50] can effectively reduce computing cost and com-
munication resources. Nevertheless, when the consecutive sampling-data inter-
val is infinitesimal, there exist wastefulness of computing cost and unnecessary
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 system performance. Therefore, ETC scheme
used in controlled systems has received increasing attention and some relevan-
t topics have been studied [42-50]. In [45], Zhang et al. discussed stability
of MNNs with communication delays by using event-triggered sampling con-

trol method. Using event-triggered impulsive control, Zhou and Zeng realized
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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 synchronization of delayed MNNs
[48]. In [49], an event-triggered communication scheme is proposed to save the
communication resources of nonlinear multiagent systems with unknown and
nonidentical control directions. However, these ETC schemes were only con-
sidered in the first-order system [42-50], 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 type-
s of measured errors. To the best of our knowledge, there is little work on
synchronization 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, name-
ly, static event-triggered control (SETC) and dynamic event-triggered control
(DETC) were designed.

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

4) Under ETC schemes, the IMNNSs can effectively reduce the update times
of feedback controllers and decrease computing burden. Moreover, compared
with the existing ETC methods [42-50], our control schemes are more flexible.

The rest of the paper is organized as follows. In Section 2, IMNNSs with time-
varying delays are introduced. Two types of controllers and some ETC schemes

are designed to realize synchronization of IMNNSs in Section 3. Section 4 presents
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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.

1
Notations: For a given vector a = (ay,as,...,a;)7, |lall, = 3 |am|. For
m=1
!
a given matrix = [Tp2]ixi, [|2]]; = max > |z, and A(x) represents all
<2<l 2

eigenvalues of matrix x.

We consider IMNNs with time-varying delays as follows.

) l
Eoul) — _p, nl) o p (1) + X_jl Uz (Pm (1))

< Fop2(0) + 3 e (Ot = (1) )
+I,(t), m=1,2,....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; a,,, and S,,. represent
memristive connection weights; f, () is the activation function. 7,,.(t) denotes
time-varying delay and satisfies 0 < 7,,.(t) < 7, where 7 is a positive constant;
I,,(t) is external input.

We consider the initial conditions of system (1) as
Pm(8) = Tim(s),
dpglis(s) =0pn(s), —-T<s<0.

We set memristive connection weights as

&mZa |pm(t)| < Xm
Az (Pm(t)) =

Uz, |Pm(E)] > Xoms

Bmzs |p7n(t)‘ < Xms
Bz |pm(t)| > Xmo

Bmz(pm(t)) =

where @z, Oz, Emz and f3,,, are constants, X, > 0 is the switching jump.

N N — ~
We denote d’rnz = max{\@’mzL |amz‘}7 Bmz = max{|5mz|7 |ﬁmz|}a A= [dmz]lxl;

Q = [Bmzixi-



Let qn(t) = dpglit(t) + Winpm(t), m = 1,2,...,1, where w,, is a constant,

then system (1) can be rewritten as
dpm
Pnll) = () + (), m=1,2,... 1,

Y20 — — (b — W) G () = [em + Wi (Wi — bin)]

<P (£) + il e (pon (1)) (0 ()

+ 3 Bs o (V=000 = 7))+ T 1)

2 (1) — Emp (1) + i e (P () f= (= (1))

1
+ Z_:l Bz (P (8)) f2(p=(t — Tz (1)) + Im (1),
where by, = by — Winy Em = Cm + Wi (W — byy,) and the initial conditions are

pm(s) - Tm(s)a
qm(s) - @7,,,(5) + Wm,T'm<5)a -7 S S S 0.

Let system (1) or (2) be the drive IMNNSs, then the response system can be
uo  described in two forms, namely, Form (A) and Form (B).

Form (A):

@%i(” = _wmﬁm (t) + ij (t) + um (t)’
) ~ l
Wn(®) — _f G (1) — Empm (t) + Zl Uz (P (1))
= (3)

< F () + i Brne (5o () (B (t — T (1))
.

z

+ 1, (1) 4+ v (

where u,, () and v, (t) are controllers.

Form (B):

LB B30 — (1) + 3 (1)
<L (5.(1)) + il B (Bra () f (Bt — T (1)) (4)
+I () +on(t), m=1,2,...,1,

where v,, (t) represents the controller.



115

Let G (t) = dﬁgit(t) + wmPm(t), m = 1,2,...,1, where w,, is a constant.

Then system (4) can be rewritten as
%t(t) = ~WmPm(t) + Gm(t),

) ~ l
250 — by (8) = G (8) + 3 oz (B (1))
=1 (5)

Hm () + vm(t),

where by, = by, — Wiy G = Cm + Win (W, — b))
We define errors e, (t) = Dm(t) — pm(t) and rp, (¢) = ¢m(t) — gm/(t).

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

dESi(t) = —wmem(t) + rm(t) + um(t),

drgit(t) = —Eme(t) - Emem(t)

—Fﬁiamxﬁmu»gxexw>

+ Xl: (Qmz(Pm () — amz(pm (1)) f2(p=(t)) (6)

z=1

+é%MWMMN7mW)
+ él (Bmz (ﬁm (t)) - ﬂmz (pm (t)))

sz(pz(t - Tmz(t))) + Um(t)'

where g,(e,(t)) = f.(p.(t)) — f.(p.(t)). Moreover, the vector form of system

(6) can be written as

delt) — _We(t) + r(t) + u(t),
I — Br(t) — Ce(t) + A(B(E))g(e(t)
+(AG(E) — A1) Fp(1)) (7)




(f1(pr(1)), fa(p2(®)), -, fulpr(8))T, A(B(1) = [amz (B(E)]1css Ap(H)) = [0m=(p(E))]11

QB()) = [Brnz (D)) ] 11> Q1)) = [Bimz (p(8)]15 v(E) = (v2(1), v2(1), - ., (1))

When the response system is system (5), we can get the errors as

denl) = —wmem (t) + rm(t),

dr:ytl(t) = 76’”7”’” (f) - 6171,67” (t)

+ 2231 mz (P (1)) g2 (€= (1))

+ él (Cmz (P (1) = Qo (P (1)) - (p= (1)) (8)

+i&ﬂm@%@@ﬂmwﬁ

+ Z (Brnz(Bm (1)) = Bmz(pm(t)))
sz(pz( - Tmz( ))) + ’Um(t),

and the vector form

W = —We(t) +r(1),

) = —Br(t) - Ce(t) + A((1))g(e(t))

+(AGL) - A1) Fp(1) (9)
+QE(L)g(e(t — (1))

+(Q(5(1) - (1)

w0 where v(t) = (vi(t),v2(t),. .., v (t)T.

We define measured errors as me(t) = e(t;) — e(t) and mr(t) = r(t;) — r(t),

Vt € [ti,tiy1). 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 lim, St me(t) = me(t;) =

s 0, limtﬁt:rmr(t) =mr(t;) =0, limtﬁti_ me(t) = limtﬁti_e(ti_l) —e(t) # 0 and

limt_)ti_mr(t) = limt_)ti_r(ti,l) —r(t) # 0. Therefore, me(t) and mr(t) are
discontinuous at t = t;.

Because time-varying delay 7, (t) satisfies 0 < 7,,.(t) < 7, and t € [t;,t;41),

then we can acquire ¢ — 7y, (t) € [t; — 7,t;+1), where 7 is a positive constant. It

1o is worth nothing that the term ¢ — 7,,,.(¢) does not affect event-triggered control

conditions introduced in the Section 3.
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Definition 1. If
Tim [[3() — p(0)], = 0.
and
Tim (1) — a()], =0,
then IMNNs systems (2) and (3) (or (5)) can achieve asymptotical synchro-
nization, where p(t) = (p1(t), p2(t), ..., o)L, p(t) = (p1(t), p2(t),...,;i(t)7T,
q(t) = (@1 (1), G2(t), -, @(®)", a(t) = (a1 (1), g2(t), - - (1)

Lemma 1. For the equation x(t) = —(1+d)x(t) with d > 0 and initial value
x(0) > 0, the solution x(t) satisfies x(¢) > 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 [33-35]
adopted Form (A), and references [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 transformational 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(t;) — Tsgn(r(t;)), t € [ti, tir1),

(10)

where H = diag(hy, ho, ..., k)T and A = diag(A1,Ag, ..., A;)T are positive
definite matrices; I' = diag(I'y, ', ..., )T; sgn() represents sign function; and

t; is a release instant.



Assumption 1. Time-varying delay 7,,.(¢) satisfies
7'-771,:4 (t) S 0 < 17

where 6 is a positive constant.

Assumption 2. Activation function f, is bounded and satisfies Lipschitz

155 condition, namely, |f,(Uy)| < N, and |f.(U1) — f.(Uz2)| < M, |U; — Us| for any

Uy, Uy € R, where M, > 0 and N, > 0 are constants, z = 1,2,...

(1) Static Event-Triggered Control

Theorem 1. IMNNs systems (2) and (3) can be synchronized under as-

sumptions 1 and 2 with the first type of state feedback controller (10) and the

following SETC conditions

palle(®)lly

[me()|l, < flm,

(u2|r (@), + @)

Imr()], < &2 EELEE,

fort e [ti;ti+1)7 if

min {A(H)} > — min{A(W)} + max { INO)|
o,

Mmax
+ 1-6 1

min {\(A)} > 1 — min{\(B)}
T > Bm, i sgn(ry (8))sgn(rm, (¢:)) > 0,

'y, < —k,,, otherwise,

and

+ ‘Emz - ﬂvnz

l
— —
Km > E Hamz — Omz :| Nza
z=1

where &1, & € [0,1], Myax = gg@{Mz},

= min{A(W)} = max {|N(C)|} — Yz
AHl +min {A(H)},

|
1
*Mmax

10

(11)



p2 = —1 + min{\(B)} + min {\(A)},
and l .
m=1 z=1

Proof. Consider a Lyapunov function as

V(e) = lle@®lly + 7@l

f)
l l B ‘
£35S B L laslen(9)]ds

For t € [t;,ti+1), we can get the upper right Dini-derivative of V(¢) as

<.

(1) < sen (e()ét) + e (1))

39 e [ lg=(ex )] — 9ot = 7 (9)
— s (e(8)) {~We(t) + r(t) — He()}

b (r(1) {~Br(e) — Ce(t) + A1) ole(t)
+(AG) - AW(©) Fol
FREO(elt — 7(8) + (D) — (1)
<t = (1)~ Ar(t:) ~ Tsn(r(1))

£33 B [ losCe- ()] = lga(es( = s (1))

m=1z=1

< —min{AW)}e(O)lly + Ir(t)l, — sgn” (e(t))He(t:)
= min{AB)}[r()], + max {INO } lle(®),
M |[A| le(®), + sen” (1) { (A1) = Ap(1))
< 60) + (@60 = Ap(O) 10 71
—Ar(t;) — I'sgn(r(t;)) e(t)

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 {AH)} [le(®) |, + max {AH)} [me(t)];,

—sgn” (r(t))Ar(t;) = —sgn” (r(t)) A(r(t) + mr(t))
< —min AN} [r(@)]ly + max LA} [mr ()],

11
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According to Assumption 2, the following inequalities hold.

2]

gn” (r(1)) {(A(B(1)) — A(p(1)) f(p(t))

QB(t) — Qp))) f(p(t — 7(t))) — I'sgn(r(t:))}
l l N —
l

= 32 sen(r(t)sn(rn ()
l

SN -

z=1

AN+

IN

+ ‘Bmz - 6mz

)

=-—w<0

Then, we can get that

V(t) < [~ min{AW)} + max {|A(C)[} + 2oz ||
A||, = min (DY e(t)], + max {A(H))
x||me(t)|, + [1 — min{A(B)} — min{,\(A)}}
x[[r(@)]l, +max {A(A)} [mr@)|, — =

< (&= Dpalle@®)lly + (&2 = 1) (p2llr (0], + =)
<0

+Mmax

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

The type of synchronization achieved in this paper is asymptotical synchro-
nization. The derivative of Lyapunov function V(¢) is not more than 0, and
each term of Lyapunov function V() in (17) is nonnegative. Thus, |le(t)||; and

|lr(t)]|; are asymptotically stable as time goes on, in other words,

lim [|p(t) —p()[l; =0

t—o0
and

li q(t) —q(t)||, = 0.

Aim {|g(t) —q()];
This means the synchronization between system (3) and system (2) is asymp-
totical 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.

12
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The feedback controller (10) is an essential item of realizing synchronization
of drive and response IMNNs. TIts two items u(t) and wv(t) are respectively
applied in errors e(t) and r(t) to make error systems stable. In addition, u(t)
and v(t) are unchanged when time ¢ € [t;,%,41), 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 traditional continuous-time control methods [32-
37], ETC scheme can reduce communication burden based on ensuring system
performance.

Remark 3. Due to the limited communication resources and channel band-
width, it is very necessary to reduce the update times of controller and data
transmission rate. ETC scheme for the synchronization of IMNNSs can effectively
reduce the update times of controller and decrease computing cost. Therefore,
ETC scheme for IMNNSs is very practical and meaningful.

Remark 4. In [46-48], 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 derivative of the state variables, the second order derivative is more
complicated 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 [28-37], which means it needs to consider two types of error variables,
namely two types of measured errors. Therefore, the one error variable strategy
in [46-48] cannot solve the synchronization problem of IMNN systems [28-37].
In other words, the ETC schemes obtained in [42-50] cannot be directly used for
the synchronization of IMNN systems [28-37]. 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 as-

13
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sumptions 1 and 2 with the first type of state feedback controller (10) and the
following SETC conditions

(pafle(®)]], +=)

max {A\(H)} ’ (18)

[me(®)ll, <&

lmr (o), < & 22 (19)

for t € [t;,tiy1), if matrices H, A and I" satisty (13)-(16), and &1, &2, p1, pe and
w are the same as Theorem 1.

Proof. Combining the proof of Theorem 1 with (18) and (19), we get
V(1) < [~ min{AW)} + max {A(C)]} + Yage QHl
Mo [ A = min (A} fle(®) ], + max {A(H)}
x[me(®)l; + [1 = min{A(B)} — min {A(A)}]
X[[r(@®)lly +max {A(A)} lmr(t)]|, — @

< (& = 1) (ualle@®ll; + @) + (&2 — Dpallr (@)l
<0

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

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

S lle(®)l, +o

et < > Sy

(20)

Soppalr(®)ll, + (1 — O)w

t <
||m7"( )Hl — max{)\(A)} 9
for t € [t;,tit1), £ € (0,1), if matrices H, A and T satisfy (13)-(16), and &, &,

(21)

11, o and w are the same as Theorem 1.

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

Sipale(ti)ly +ow

Ime(®ll < S Y Ear

(22)

14



200

205

210

Sapia|Ir(t)lly + (1 = O
max (AAT) 1 Eori
for t € [t;,tiv1), £ € (0,1), if matrices H, A and T satisfy (13)-(16), and &, &,

[mr ()]l < (23)

11, e and w are the same as Theorem 1.

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

max {A(H)} [me(®)[l; < & ([le(ti)lly — [lme(®)]l;) +t=
< &plle®)], +tw,

max {A(A)} [[mr(£)]]

< &opa (Ir(to)lly — [lmr@)lly) + (1 - O

< Sopz|r@)y + (1 = )w,
for t € [ti,ti41), 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 trans-
formational 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 condition-
s of measured errors me(t) and mr(t), which the existing methods for MNNs
introduced in [46-48] cannot meet. Therefore, the first type of state feedback
controller (10) is very necessary and flexible for studying the synchronization of

IMNNSs and choosing ETC conditions.

(2) Dynamic Event-Triggered Control

We set two dynamic variables o1 (t) and o2(t), which satisfy the following

conditions
G1(t) = —o1(t) + & lle(t) ||, (24)
—max {A(H)} [me(t)];,
Ga(t) = —0a(t) + &2 (p2fr ()], + @) (25)

—max {A(A)} [[mr(B)];,
where matrices H, A satisfy (13)-(14), and &;, &, p1, 4o and w are the same as
Theorem 1. The initial values of (24) and (25) are ¢1(0) and 03(0), and satisfy
71(0) > 0 and 02(0) > 0.

15
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The dynamic variables o1(t) and o3(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 o1 (t) are applied to dynamically decide the threshold of
measured errors me(t) in (26); error r(¢) and dynamic variable o4 () are applied
to dynamically decide the threshold of measured errors mr(t) in (27). When the
measured errors me(t) and mr(t) exceed the thresholds provided 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 as-
sumptions 1 and 2 with the first type of state feedback controller (10) and the
following DETC conditions

Ime(®l, < on(0) + 61 SISO (26)
(D), < oaft) + & 21O 2 2) (27)

max {A(A)} 7
for t € [t;,t;y1), if matrices H, A and I satisty (13)-(16), and &, &2, p1, pe and
w are the same as Theorem 1.

Proof. From (24)-(27), we can get

61(t) = =01 (t) + max {A(H)} ([me(t)[l, — o1(2))
—max {A(H)} [|me(®)|[; = — (1 + max {A(H)}) o1(t),

and
G2(t) 2 —0a(t) + max {A(A)} ([mr ()], — o2(t))
—max {A(A)} [mr(#)]]; = — (1 + max {A(A)}) o2(t),
Therefore, we can obtain that o1 (¢) > 0 and o3(t) > 0 according to Lemma
We define the following function
Vi(t) = V(t) + O'l(t) + O'Q(t)

where V(t) is the same as (17).
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For t € [t;,ti+1), we can get the upper right Dini-derivative of V1 (t) as

VA(t) = V(1) +61(t) + 6a(0)

< [— min{A(W)} + max {|A(C‘)|} + Mz
Al = min AW} fle(®)
+max (A(H)} [me(®), + 1~ min{A(B)} - min {A(A)}]
%[ (®)], + max {AA)} [mr ()], - =

~01(t) + Eupu[e(t) |, — max {AE)} me(b)],

—02() + & (a2 Ir ()], + ) = max LA} mr (1)

= —uille@®)ly = o1(8) + Eapmle(®), — pallr(®)

@ = 02(t) + €2 (2P (D], + )

< (& = Dyulle@ly + (€ = 1) (rIr®)], + )

—0o1(t) — o2(t)

<0

g
1
+Mmax

Therefore, IMNNs 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 o4(t), which satisfy the fol-

lowing conditions

3(t) = —a3(t) + & (mlle(®)ll, + @)
—max {A(H)} [|me(t)];,

Ga(t) = —oa(t) + Sopa|r (B[l — max {AA)} [mr (D),

where matrices H, A satisfy (13)-(14), and &;, &2, p1, o and w are the same as
Theorem 1. The initial values are o3(0) and ¢4(0), and satisfy o3(0) > 0 and
04(0) > 0.

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

(pafle(®)l, +=)

Ime(®)l, < as(t) + &£ AR,

17



pzlr ()[4
max {\(A)}’
for t € [t;, tiy1), if matrices H, A and T" satisfy (13)-(16), and &1, &2, p1, p2 and

[mr(@®)ll, < oa(t) + &2

w are the same as Theorem 1.
Similarly, we denote two dynamic variables o5(f) and o¢(¢), which satisfy

the following conditions

05(t) = —0o5(t) + &1 palle(t)]|, +Hw
—max {A(H)} [me(®)],

(28)

&6(t) = —o6(t) + Sapallr()l, + (1 — Hw
—max {A(A)} [[mr(B)];,

(29)

where matrices H, A satisfy (13)-(14), £ € (0,1), and &, &2, p1, o and w are
the same as Theorem 1. The initial values are o5(0) and 06(0), and satisfy
20 05(0) > 0 and o6(0) > 0.
Corollary 5. IMNNs systems (2) and (3) can be synchronized under as-
sumptions 1 and 2 with the first type of state feedback controller (10) and the
following DETC conditions

Slle@®), +Hlw

Hme(t)Hl < 05(t) + max{)\(H)} )

(30)

Soppa|r@)[l, + (1 — O)w
max {\(A)} ’
for t € [t;,tiv1), £ € (0,1), if matrices H, A and T satisfy (13)-(16), and &, &,

[mr ()]l < o6(t) + (31)

w1, e and w are the same as Theorem 1.

Proof. From (28)-(31), we get
5(t) > — (1 + max {A(H)}) o5(1),

and

6(t) > — (1 + max {A(A)}) o6(0).

Then, we can obtain that o5(t) > 0 and o4(¢) > 0.

We define the following function
Va(t) = V(t) + o5(t) + os(t),

18
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where V(t) is the same as (17).

For t € [t;,ti+1), we can get the upper right Dini-derivative of V5(t) as

Va(t) = V(t) + 65(t) + 66(1)

< [ mingA(W)} + max {|A(C)|} + Yo
M |[A|| = min {AED}] Jle(®)],
+max {A(H)} ||me(t)||, + {1 — min{\(B)} — min {)\(A)}}
X[lr(@®)lly +max {A(A)} lmr(t)]l, — =

—0o5(t) + & palle(t) ||, +Hw — max {A(H)} |me(t) ],

—06(t) + Sap2l[r (@), + (1 — H)w — max {A(A)} [lmr(t)]
= —plle)[l; — o5(t) + & palle@)[l; — p2llr @)l

—0o6(t) + Eapallr(t)[l;

< (& = Dplle@)lly + (&2 = Dp2lir@)ly — o5(t) — o6(t)
<0,

g
1

Therefore, IMNNSs 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 as-
sumptions 1 and 2 with the first type of state feedback controller (10) and the
following DETC conditions

max{\(H
lme(®)ll, < vty pem s (1) "
Sipalle(ti)|l, How (32)
+—1
max{A(H)}+&1p1’
and
max{A(A
Imr®)ll; < s o6 (t) (33)
+§2/‘2H7n(t7,)“1+(1_€)w
max{A(A)}+&ap2

for t € [t;,tiv1), £ € (0,1), if matrices H, A and T satisfy (13)-(16), and &, &,

11, o and w are the same as Theorem 1.
Proof. From (32) and (33), we can get
max {A(H)} [[me(t)[|; < max{A(H)}os5(t)
& ([le(ta)lly — [me(®)]];) +Lo
< max {A(H)} o5(t) + & [[e(t) ||, +(w,

19
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and
max DA(A)} [mr ()], < max {A(A)} o6 ()

+Eap2 (@), = [mr@)lly) + (1 - )=

< max {A(A)} 06(t) + Eapsallr()[l, + (1 = O)w,
for t € [t;,t;41), in other words, the inequalities (30) and (31) in Corollary 5
hold. Thus, all the conditions of Corollary 5 are satisfied.

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.

8.2. 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

’U(t) = —AT‘(ti) — Fsgn(r(ti)), te [ti, ti-l—l) (34)

where A = diag(Ay, Ag, ..., A;)T is positive definite matrix; I' = diag(T'y, s, ..., I7)7;

sgn() represents sign function; and ¢; is a release instant.

(1) Static Event-Triggered Control

Theorem 3. IMNNS systems (2) and (5) can be synchronized under assump-
tions 1 and 2 with the second type of state feedback controller (34) and the

20



following SETC condition

(n2|lr@®|, + =)

Imre)l, < &2 T, (35)
fort € [tiati+1)7 if
min (W)} > max {NO)+ T2 + M| 30

oo and inequalities (14)-(16) hold, and &3, u2 and w are the same as Theorem 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' (¢) as

V(1) < sen” (e(t) (1) +sen” (r(1))7(1)
l l
+ 3 % B [t 192 ()] = lg(ex(t = 7ms(0)

= sgn’ (e(t)) {~We(t) +r(t)}

+sgn® (r(t)) {—Br(t) — Ce(t) + A(B(1))g(e(t))
+ (A1) = Al®)) f(p(t))
+Q(p())g(e(t —7(1))) + (Ap(1)) — Q(p(1)))

(
X f(p(t = (1)) = Ar(t) — Tsgn(r(t:))}

l l
X3 Bne |25 192 (e (0)] = g (e=(t = T (8))

m=1z=1

< = minAW)}e()ll, + Ir(®)l;
—min{AB)} (1), + max { MO} et
+ M [A| ()1}, = min A} @),
+max (A} o (8) |y + Yo €] fet)l,

l l . -
= 3 = 2 ([ = ]+ [ = e
- [—min{)\( )}+max{|)\(~)|}+Mmax AH

+ 1 'x

el + [1 = min{A(B)} — min {AA)}]
A Ol + mas W} 0],
< (&= 1) (uallr®ll, + ) <0

Therefore, IMNNs systems (2) and (5) are synchronized. The proof is com-
pleted.
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To achieve synchronization of IMNNS, the derivative of Lyapunov 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 conditions are provided to make the following inequality
V(t) < (&2 = 1) (nallr()], + )

hold. Therefore, £&; < 1 such that V(t) < 0. In addition, the SETC condition

in Theorem 3 is given by

Imr(o)], < &2 E),
This means that & > 0. Thus, we can get & € [0,1]. The similar results for
& € ]0,1] and & € [0,1] in other theorems and corollaries 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 as-
sumptions 1 and 2 with the second type of state feedback controller (34) and

the following SETC condition

&2 (pa|r(to)ll, + @)
max {A(A)} + Eapa”

for ¢t € [t;,ti+1), if inequalities (14)-(16) and (36) hold, and &, pe and w are

[mr ()]l <

(37)

the same as Theorem 1.

(2) Dynamic Event-Triggered Control

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

(p|lr (B, + =)
max {\(A)}

for t € [ti,tiy1), if inequalities (14)-(16) and (36) hold, &, pe and w are the

[mr (@)l < oa(t) + & (38)

same as Theorem 1, dynamic variable o9 (t) satisfies the condition (25).
Corollary 8. IMNNs systems (2) and (5) can be synchronized under as-
sumptions 1 and 2 with the second type of state feedback controller (34) and
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the following DETC condition

max{ (A
Imr()l, < smsdd iz oa(t)

for t € [t;,tiy1), if inequalities (14)-(16) and (36) hold, &, pe and w are the
same as Theorem 1, dynamic variable o9 (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(t) < (& = Dualle@lly + (€2 = 1) (u2llr ()], + ).

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

V(1) < (&= 1) (ualle®lly + @) + (&2 = Dpallr (@),

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
[42-50]. Compared with the existing ETC methods [42-50], the proposed 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
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systems; 2) More flexible - Due to more chances and choices to set ETC condi-
tions, our ETC schemes are more convenient and flexible.

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

oo

zig)lo t; Z (terl tz) Q,

=0

then system exhibits Zeno behavior [51]. Nevertheless, Zeno behavior is not
desired in system. When event-triggered release times in finite time is finite,
namely, execution time ¢; = ;1 —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;,1;11), we can have

lmr(tiv1)ll, > & max {\(A)}
In addition,

gllmr@®)ll, <

g5 (@)]

()l

) |, =

_H_ r(t) — Celt) + (ﬁ(t))f(ﬁ(t))
)
)

p(t) fp(®) + Q) f(B(t — 7(1)))
(p(t)f(p(t — 7(t))) — Ar(t;) — Tsgn(r(t:))ll,
s !B\ o)l + €] el + 2 ([A], + 2],) Mons
Al [l + 1T,

< |8 et + (| 2], + 1400) el + el
el e+ (8] ],

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

le(®)[l; < V(0)
and
(@), < V(0).

Let
J = (\BH+||AH1+HOH) 0) + 1T,

w2 (4]
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Then,
d ~
@, < |[B| Imr@)l, + .

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

J 3 )
Imr(®)]l, < — {eHBHl(tftz) _ 1}
13|
1

fort € [ti,f/prl). So,

¢ W < |mr(tiv)l; < HB;]H [eHBHl(tm—tJ _ 1}
1

and

_ B
by =tip1 —t; > | L —In {52” IMCILOII)

R max{NA) T + 1}

1 & B, =
2 =R In |:max{>\(/{)}.] +1].

ws 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.
FEzxzample. Consider a drive IMNN as

2 2
g Z:;;(t) = _bm dpglt(t) - Cmpm(t) + Z: QOmz (pm (t))

z=1
2
X o p=(0)) + 3 e (o () F= P = Tm (1)) (39)
+In(t), m=1,2,
where by = by = 4.5; ¢ = ¢o = 1.8; 7,,,.(t) = 0.1sin(t), m,z = 1,2; external

input I; () = I2(t) = 0; memristive connection weights:

1'2, |p1(t)| < ]-)

a(p1(t)) =
PO s o> 1,

e (pif)) = 016, [pi(t)] > 1,
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_057 b2 )] < 17
i (pa(8)) = [p2(t)]
0.09, |p2(t)] <1,
A (pa(t)) = pet)
0.25, |p2(t)] > 1,
B11(p1(t)) =
0.36, |pi(t)] < 1.
Bi2(p1(t)) =
Ba21(p2(t)) =
0.8, [p2(t)] > 1,
0.6, ‘pg(t)l S 1,
Baz(p2(t)) =
O'4a ‘pQ(t)| > ]-7
310 Then, we can get that
R 1.2 0.3
A= ,
[ 0.8 0.25 ]
R 0.48 0.56
Q =
0.8 0.6
and HAH -9, QH —1.28.

Set wy = wy =4 and ¢, (t) = dpglit(t) + 4pm(t), m = 1,2. Then system (39)

can be rewritten as

WO = dpi (1) + qu(t),
2t — 4y (1) + g2(8),

26

2
) — _0.5g,(t) +02p1(t) + 32 ana(pa (1))

xmmm+§mmwwmw—m7 (40)
dq;t(t) = —0.5q2(t) + 0.2pa(t) + Xijl as(p2(t))

xmmm+§mmmwmw—m7



We consider the second type of controller, therefore, the corresponding re-

sponse system (Form (B)) can be written as

B — 45 (1) + @i (1),
@20 — 4o (t) + (1),

_ 2
A = ~050(1) + 020(1) + 3 on<(h (1)

< £ (1)) + g Bue (51 (D) - (=t — 1)) + vn(t),

M

62t) — _0.54,(t) + 0.252(t) + 3 a2z (Ba(t))

1

z

< f(-(1)) + g Be (5o f- (=t — 1)) + va(t),

Considering activation function f,(x) = 7|x+1|g‘x_1‘, we can obtain that
M, =1, N, =1, z=1,2. Combining with
Z HO?lz - a1z + ‘512 - Blz :| NZ = 078
z=1
and
2 —
> H&zz — Qo | + ‘522 — B, } N, = 0.81,

z=1

we can set k1 = 0.8, kg = 0.83, @ = 0.04. Then, we set I" as follows
'y =0.82, if sgn(ry(¢))sgn(ri(t;)) > 0,
't = —0.82, otherwise,

and
I'; =0.85, if sgn(ra(t))sgn(ra(t;)) > 0,
I's = —0.85, otherwise,
Choosing A= diag{0.75,2}, we can get that us = 0.25.
Therefore, we can obtain the following SETC and DETC conditions.
1) SETC condition (Theorem 3):

[mr(@®)ll, < &2(0.125[7(¢)]|, +0.02), (42)
2) DETC condition (Theorem 4):
[mr(t)[l; < o2(t) + &2 (0.125([r(¢)]], + 0.02), (43)

27



315

320

e and g()
o

0 0.5 1 15 2 25 3 35
Time(second)

Fig. 1. Synchronization errors ej(t) and ez(t) of systems under SETC condition with the

second type of controller and &2 = 0.5.

4 T T T T T T

L0
)

r,(t and g()
o

0 0.5 1 15 2 25 3 35
Time(second)

Fig. 2. Synchronization errors r1(t) and ra(t) of systems under SETC condition with the

second type of controller and {2 = 0.5.

for t € [ti,tiy1), & € [0,1], where 62(t) = —o2(t) + & (0.25||r(¢)[|, + 0.04) —
2||mr(¢)|l;, the initial value satisfies o2(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 condition (43).

As shown in Figs. 1, 7 and 2, 8, errors e,,(t) and 7,,(t), m = 1,2 converge to
zero asymptotically under SETC and DETC condition. Sample error r,(;) and
measured error mr,,(t) are shown in Figs. 3, 9 and 4, 10, respectively. Before
measured error mry,(t) breaches the SETC or DETC condition, sample error

Tm(t;) remains unchanged. When measured error mr,,(t) breaches the SETC
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Sample stateﬁ(nl) and 5(1‘)

x0)
)

Fig. 3. Sample errors r1(t;)
type of controller and £ = 0.

0.2

0 0.5 1 15 2 25 3 35

Time(second)

and r2(t;) of systems under SETC condition with the second

5.

1 I 1
o I = g < o

15 2 25 3 35
Time(second)

Fig. 4. Measured errors mrq (1) and mra(t) of systems under SETC condition with the second

type of controller and £ = 0.

£,(0.125[r(9)][+0.02) and Imr(t)]|

5.

&,(0-125]Ir()][+0.02)
|

[mr(Oll

15 2 25 3 35
Time(second)

Fig. 5. l-norm |mr(t)||; and the threshold & (0.125||7(¢)||; + 0.02) under SETC condition

with the second type of controller and &2 = 0.5.
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0 05 1 15 2 25 3
Time(second)

Fig. 6. Event-triggered instants under SETC condition with the second type of controller

and & = 0.5.

e, and (0

0 0.5 1 15 2 25 3 35
Time(second)

Fig. 7. Synchronization errors e1(t) and ez(t) of systems under DETC condition with the

second type of controller and &2 = 0.5.

or DETC condition, in other words, 1-norm ||mr(t)||; exceeds the threshold
&2 (0.125]r(t)||; + 0.02) for SETC condition and oa(t) + &2 (0.125]|r(¢)]|; + 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 &5 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

&5 = 0.2 under SETC strategy. In other words, the controller just updates 154
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r,(t and g9
=l

1 15 2

Time(second)

25

35

Fig. 8. Synchronization errors r1(t) and r2(t) of systems under DETC condition with the

second type of controller and &2 = 0.5.

Sample states ) and g(t)

1

15 2
Time(second)

25

35

Fig. 9. Sample errors r1(¢;) and 72(¢;) of systems under DETC condition with the second

type

of controller and &2 = 0.5.

mrl(t) X mrz(t)

mi rl(l)
m rz(t)

15 2
Time(second)

25

35

Fig. 10. Measured errors mri(1) and mra(t) of systems under DETC condition with the

second type of controller and &2 = 0.5.
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i —— 0,0+, 0125[(0[+0.02)
1.2 — limr(®)]|

0.8

)
=

Gz(t)+£ 2(Ci.125Hr(t)||+€|.02) and [Imr(t)]|

o
[N

o

0 0.5 1 15 2 25 3 35
Time(second)

Fig. 11. l-norm [|mr(t)||; and the threshold o2(t) + & (0.125||r(t)||; + 0.02) under DETC

condition with the second type of controller and {2 = 0.5.

0 05 1 15 2 25 3
Time(second)

Fig. 12. Event-triggered instants under DETC condition with the second type of controller

and & = 0.5.

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 &5 is increased from 0 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
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Table 1. FOR FIXED TIME INTERVAL h = 0.0025, t = 5, PERFORMANCE PARAM-
ETERS: Ty, R, AND T, UNDER THE SECOND TYPE OF CONTROLLER AND SETC
CONDITION (42) WITH DIFFERENT &s.

& 0 0.2 0.4 0.6 0.8 1
T, | 2000 154 91 59 48 31

R, | 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 PARAM-
ETERS: Ty, R, AND T, UNDER THE SECOND TYPE OF CONTROLLER AND DETC
CONDITION (43) WITH DIFFERENT &s.

& 0 0.2 0.4 0.6 0.8 1
T; 878 150 63 12 9 6

R, | 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%

that a large parameter & under DETC strategy (43) can reduce computational
burden. For fixed parameter &5, 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 synchronization 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
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and computational burden. Finally, numerical simulation and data analyses are

given to verify the validity of the obtained results.

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 networks and environment disturbances, there

may be parameter perturbations 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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