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a b s t r a c t 

This article addresses the investigation of strict dissipativity synchronization for a class of static neural 

networks under an event-triggered scheme. An event-triggered scheme is recommended, it can upgrade 

the exhibition of system dynamics and diminishes the network communication burden at the same time. 

Firstly, an appropriate Lyapunov-Krasovskii functional (LKF) with double and triple integral terms with 

the details on both lower and upper bounds of the delay is completely designed. Secondly, under the sin- 

gle and double Auxillary function-based integral inequalities (SAFBII and DAFBII, respectively) and gen- 

eralized free weight matrix approach, a new class of delay-dependent adequate condition is proposed, 

so that the error system is ( Q , S , R ) − γ − strict dissipative. A resilient distributed event-triggered control 

scheme is developed by this criterion in terms of linear matrix inequalities (LMIs). At last, simulation 

examples are provided to demonstrate the performance of the derived results. 

© 2021 Elsevier Ltd. All rights reserved. 
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. Introduction 

During the past few decades, neural networks (NNs) have been 

ffectively applied in numerous areas, for example, pattern recog- 

ition, signal processing, solving optimization problems, static im- 

ge processing, associative memories, target tracking, and auto- 

atic control, etc [1–4] . Time-delays are inescapable in executing 

he NNs because of the limited conduction speed and switching 

elocity of electronic components. It is notable, the appearance 

f time delays may cause the structured NNs to change the pre- 

cribed dynamical properties like instability of system and perfor- 

ance deterioration. Based on this aspect, various problems of NNs 

ith respect to time-varying delays have been tackled [5–9] . It is 

orth pointing out that the dynamic behaviors of NNs are essen- 

ial for each successful application, such as medicine and biology, 

conomics, electronics, and telecommunications. According to the 

ifferent positions of the weight matrices associated with the ac- 

ivation functions, NNs possibly divided into two kinds: local field 
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eural networks (LFNNs) and static neural networks (SNNs) [10,11] . 

n the view of SNNs could be moved comparably to an LFNNs in 

he account of fulfilling definite hypothesis, maximum focus can be 

urned to LFNNs. As a tool for scientific computing and engineer- 

ng application, an obvious characteristic of SNNs is its capability 

or implementing a nonlinear mapping from many neural inputs 

o many neural outputs [5] . On the other side, SNNs have been 

orking a crucial act in the investigation based on stability and 

tabilization issues and countless remarkable results have been ac- 

ounted in [12–14] . 

On the other hand, dissipative theory is the needed one in 

ynamical framework, which can instinctively give back the loss 

r dissipation of energy. Generally, dissipativity theory originates 

rom electrical networks and by using an input-output descrip- 

ion, presents a tool for analysis and synthesis of control systems, 

obotic system, electrical power system, engine system, combus- 

ion engines, circuit theory, damping, and electromechanical sys- 

ems and so forth [15–17] . The dissipativity hypothesis addition- 

lly gives a crucial framework to examine control issues of SNNs. 

urthermore, it fills in as a useful asset in symbolizing framework 

ynamics such as stability and passivity. Besides that, the theory of 

assivity assumes a significant part of circuits, networks and con- 

rol systems. The principle thought of the passivity approach role 

s that, able to maintain the system internally stable [18–21] . Based 
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Fig. 1. The diagrammatic of master slave DETS. 

o

v

t

s

p

c

[

f

t

T

i

a

r

e

t

s

i

r

s

t

t

n

w

m

a

e

n

l

i

e

i

s

c

t

l

c

i

t

n

s

v

c

v

r

a

t

g

t

c

(

p

n

i

t

t

s

i

i

n the framework of dissipativity, some effective results were in- 

estigated for continuous-time neural networks [22,23] , discrete- 

ime neural networks [24] , and static neural networks [14] with 

tability and stabilization issues. For instance, in [22] , authors pro- 

osed dissipative-based sampled-data synchronization control for 

omplex dynamical networks with time-varying delay. Authors in 

24] , established a robust dissipative observer-based control design 

or discrete-time switched systems with time-varying delay. Event- 

riggered dissipative observer-based control for delay-dependent 

akagi-Sugeno (T-S) fuzzy singular systems has been investigated 

n [23] . It is noted that the concept of dissipativity theory plays 

 vital part in analysis and control issues in the past years with 

espect to SNNs but only limited research has been done on the 

vent-triggered control, which motivates our present research ar- 

icle. The diagrammatic of master-slave distributed event-triggered 

cheme (DETS) has been represented in Fig. 1 . 

The synchronization criteria is an active research area and it 

s a fascinating and remarkable one in numerous real systems. As 

eported, the interactions among a group of neurons may trigger 

ynchronization, such as the synchronization of two neurons [25] , 

he neural ensemble synchrony [26] , and the partial synchroniza- 

ion of subsets of brain areas [27] . The synchronization has a large 

umber of engineering background like biological model frame- 

ork, combinational optimization, pattern recognition and har- 

onic oscillation generation, chemical systems, electrical circuits 

nd systems, secure communications, image processing, parameter 

stimation, and neuroscience [27–30] . For example, the synchro- 

ization of two Hindmarsh-Rose neuronal models have been uti- 

ized for secure communications in the industrial internet of things 

n [29] . Recent studies on neural modeling demonstrated the influ- 
2 
ntial role of synchrony between neuronal oscillators on construct- 

ng cognitive electronics in [31] . Recently, synchronization analy- 

is for the static NNs get a lot of consideration, and some suc- 

essful results for synchronization based control schemes with ex- 

ernal disturbance (like dissipativity) have been proposed in the 

iteratures. Accordingly, as of late, the dissipative synchronization 

oncept has been successfully applied to various types of NNs 

n reports [28,30,32] . For example, authors in [32] studied event- 

riggered dissipative synchronization for Markovian jump neural 

etworks with general transition probabilities. In [28] , event-based 

ynchronization control for memristive neural networks with time- 

arying delay has been proposed. Exponential synchronization of 

oupled stochastic memristor-based neural networks with time- 

arying probabilistic delay coupling and impulsive delay has been 

esearched in [30] . Additionally, in pragmatic frameworks, resilient 

re typically inescapable in the controller performance. Because of 

his reality, the closed-loop system may be without a stable re- 

ion. Subsequently, it is essential to plan a controller which need 

o permit the uncertain parameters. To defeat this trouble, resilient 

ontroller has been intended for different kinds of control systems 

see [33–35] ). It should be noted that, limited works have been ex- 

ressed on resilient dissipative analysis in the research of synchro- 

ization techniques, which is the another direction of motivation 

n this work. 

Note that the evolution of information technology and heavy 

ransmission burdens in the efficiency of networks, an event- 

riggered control (ETC) has been actively engaged in research con- 

ideration. With advantages such as fast response, high reliabil- 

ty, easy implementation and robustness, ETS have been applied 

n military, manufacturing, transportation, NNs, network control 
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ystems, and social life [36–38] . Moreover, only when the event- 

riggering conditions are satisfied will the transmissions of the sig- 

als be triggered. In recent days, certain altered ETC has proved 

ts usefulness to different system requirements. For example, de- 

entralized ETC [39] , adaptive ETC [36] , distributed event-triggered 

cheme (DETS) [40–43] , and deterministic ETC. So as to addition- 

lly diminish the release times, saving the network transmission 

esources and enhance the system dynamics behavior, nowadays 

esearchers focusing on the distributed ETC. Many interesting re- 

ults about event-triggered strategy have been obtained over the 

ast few decades [40–43] . On another research frontier, controller 

ailures has attracted more and more attention because of the diffi- 

ulty of a dynamic system bigger, numerous components damaged 

y environment and machine errors could make a system having a 

ailure [44–46] . Moreover, we will establish distributed event trig- 

ered scheme with the effect of controller failures is more effective 

o reduce the network transmission resources. To the best of au- 

hor’s knowledge, the dissipative synchronization for delayed static 

eural networks with distributed event-triggered control has not 

een studied so far, which motivates the present study. 

Motivated by the above observations, this article focuses on the 

esign of dissipative synchronization for delayed SNNs via DETS. 

he main contributions are summarized as below: 

i) An DETS is set up for the SNNs, which can successfully save 

network transmission resources and also enhance dynamic 

property of the system subject of controller failures. 

ii) A new dissipative error system model is proposed, which takes 

into account delayed SNNs, event-triggered schemes. 

ii) A suitable Lyapunov-Krasovski functional with single and dou- 

ble auxillary function-based integral inequalities (SAFBII, DAF- 

BII), generalized free weighting matrix (GFM), Bessel-Legendre 

inequality approach is introduced to guarantee strict dissipa- 

tive performance in the mean square of the error system, which 

provides the analysis framework of SNNs with time-varying de- 

lay. 

v) The control gain matrices can be designed to achieve the de- 

sired performance by the use of the MATLAB LMIs Toolbox, and 

thus event-triggered parameters can be co-designed to guran- 

tee the dissipative synchronization of the SNNs. 

v) In the end, the feasibility and advantage of the main results 

have been indicated by numerical examples section. 

Notations: Let R 

n ×m and R 

n represent the set of all n × m real 

alued matrices and n − dimensional Euclidean space. The expres- 

ions X > 0 or ( X ≥ 0 ) denote a positive definite or (semi-positive

efinite) matrix X , respectively; the superscripts T and −1 indicate 

hat the transpose and inverse of a matrix. ∗ denotes the elements 

hat are introduced due to corresponding symmetry. N represents 

he set of natural number. The space of square-integrable vector 

unctions defined on [0 , ∞ ) is defined by L 2 [0 , ∞ ) . I means the

dentity matrix of the appropriate dimensions, Sym { X} = X + X T , �

enotes the kronecker product, diag{ · · · } means the block-diagonal 

atrix, and E {·} is the expectation operator. 

. Preliminaries and problem formulation 

Consider a class of SNNs consisting of interval-time varying de- 

ay: 

˙ φm 

(t) = −Aφm 

(t) + f (Hφm 

(t − ρ(t)) + I) , 
z m 

(t) = Dφm 

(t) , 
(1) 

here φm 

(t) = [ φT 
1 m 

(t) , φT 
2 m 

(t ) , . . . , φT 
nm 

(t )] T ∈ R 

n is the state

f i th neuron with time t , A = diag{ a 1 , a 2 , . . . , a n } with a i >

 , (i = 1 , 2 , . . . , n ) is the system known matrix, f (Hφm 

(t)) =
 f T (h 1 φ1 m 

(t)) , f T (h 2 φ2 m 

(t)) , . . . , f T n (h n φnm 

(t))] T ∈ R 

n denotes the

1 2 

3 
ctivation function of the neuron, H ∈ R 

n ×n is the delayed connec- 

ion weight matrix, D is the known matrix with compatible dimen- 

ion, I = [ I 1 , I 2 , . . . , I n ] 
T ∈ R 

n is a external input vector, and z m 

(t) is

he measurement output. ρ(t) is a continuous and bounded dif- 

erentiable function, which represent the time-varying delay and 

atisfies 

1 ≤ ρ(t) ≤ ρ2 , ˙ ρ(t) ≤ ρ3 , (2) 

here ρ1 , ρ2 , and ρ3 are real constants. It is assumed that the 

euron activation functions f (·) satisfy the following condition 

H 1 ) G 

−
k 

≤ f k (x 1 ) − f k (x 2 ) 

x 1 − x 2 
≤ G 

+ 
k 
, k = 1 , 2 , . . . , n. 

For all x 1 , x 2 ∈ R and x 1 � = x 2 . Throughout this paper, the

aster-slave scheme shall be adopted. We set system (1) to be a 

aster system, and the relevant slave system is given as follows: 

˙ φ ˆ s (t) = −Aφ ˆ s (t) + f (Hφ ˆ s (t − ρ(t)) + I) + Bu (t) + Cω(t) , 
z ˆ s (t) = Dφ ˆ s (t) , 

(3) 

here φ ˆ s (t) ∈ R 

n , u (t) ∈ R 

n and ω(t) ∈ R 

p are the state vectors,

ontrol input and exogenous external disturbance, respectively, and 

(t) belongs to L 2 [0 , ∞ ) . B and C are known matrices with appro-

riate dimensions. 

Set φ(t) = φm 

(t) − φ ˆ s (t ) and z(t ) = z m 

(t) − z ˆ s (t) , then we are

ble to write the synchronization-error system as follows: 

˙ φ(t) = −Aφ(t) + g(Hφ(t − ρ(t)) + Bu (t) + Cω(t) 
z(t) = Dφ(t) , 

(4) 

here g(Hφ(t − ρ(t))) = f (Hφm 

(t − ρ(t)) + I) − f (Hφ ˆ s (t −
(t)) + I) . Assume that the system (4) is controlled over a 

ommunication network by resorting to a novel event-triggering 

echnique. Let t 0 ̄h , t 1 ̄h , t 2 ̄h , . . . defined as the release times, which

atisfy the event triggered condition and can be sent to the 

ransmission channel. Therefore (4) can be explained as 

˙ φ(t) = −Aφ(t) + g(Hφ(t − ρ(t)) + Bu (t s ̄h ) + Cω(t) , 
z(t) = Dφ(t) . 

The goal of this work is to design an event-triggered controller 

s u (t) = K φ(t) 

˙ φ(t) = −Aφ(t) + g(Hφ(t − ρ(t)) + B K φ(t s ̄h ) + Cω(t) , 
z(t) = Dφ(t) , 

(5) 

here φ(t s ̄h ) = [ φT 
1 (t 1 s h̄ ) φ

T 
2 (t 2 s h̄ ) . . . φ

T 
n (t n s h̄ )] T and K denotes the

ontrol gain matrix and to be designed later. Assume that η j 
s ∈ 

0 , η) denoted as the transmission delay, η > 0 is a scalar, j =
 , 2 , . . . , n , s ∈ N . The released state φ j (t 

j 
s ̄h ) occurs at the actuator

t the time t 
j 
s ̄h + η j 

s . Subsequently, the designed system together 

ith the following network transmission delay can be described 

s: 

j 
s = min { δ| t j s + η j 

s + δ h̄ ≥ t j 
s +1 

+ η j 
s +1 

, δ = 0 , 1 , 2 , . . . } . (6) 

et 

H 

j 

δ
= [ t j s ̄h + η j 

s + (δ − 1) h̄ , t j s ̄h + η j 
s + δ h̄ ) , 

 

j 
�s 

= [ t j s ̄h + η j 
s + (� j 

s − 1) h̄ , t j 
s +1 ̄

h + η j 
s +1 

) , 

δ = 1 , 2 , . . . , � j 

k 
− 1 . (7) 

Moreover, 

 t j s ̄h + η j 
s , t 

j 
s +1 ̄

h + η j 
s +1 

) = 

� j 
s ⋃ 

δ=1 

H 

j 

δ
. (8) 
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or [ t 
j 
s ̄h + η j 

s , t 
j 
s +1 ̄

h + η j 
s +1 

) , define that 

j (t) = 

⎧ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎨ 

⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎩ 

t − t j s ̄h , t ∈ H 

j 
1 
, 

t − t j s ̄h − h̄ , t ∈ H 

j 
2 
, 

. . . 
. . . 

t − t j s ̄h − (� j 
s − 1) h̄ , t ∈ H 

j 
�s 

, 

(9) 

s (t) = 

⎧ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎨ 

⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎪ ⎩ 

0 , t ∈ H 

j 
1 
, 

φ(t j s ̄h ) − φ(t j s ̄h + h̄ ) , t ∈ H 

j 
2 
, 

. . . 
. . . 

φ(t j s ̄h ) − φ(t j s ̄h + (� j 
s − 1) h̄ ) , t ∈ H 

j 
�s 

. 

(10) 

Moreover, 0 < η j 
s ≤ η j (t) ≤ η. In addition, we intro- 

uce the time-varying parameter as follows 
 s (t) , 
 s (t) = 

iag{ 
 

1 
s (t) , 
 

2 
s (t ) , . . . , 
 

n 
s (t ) } . Here 


 

j 
s (t) = 
 

j 
s (sδ) , t ∈ H 

j 

δ
, j = 1 , 2 , . . . , n, 

 

j 

s (δ+1) 
= 
̄ + 

(ν j 

sδ
) T ν j 

sδ

ε + (ν j 

sδ
) T ν j 

sδ

(ν j 

sδ
− 
̄ ) , 

ν j 

sδ
= φ j (t s ̄h ) − φ j (t s ̄h + (δ − 1) h̄ ) , δ = 1 , 2 , . . . , � j 

s , (11) 

here ε > 0 denoted as constant, 
 

j 

sδ
= diag{ 
 

1 
sδ

, 
 

2 
sδ

, . . . , 
 

n 
sδ
} , 
̄ 

oted as upper bound of 
 

1 
sδ

, and 
̄ ∈ [0 , 1) , 0 ≤ 
 

j 
s 1 

< 
̄ . Next,

e consider the ETS together with time-varying term 
 s (t) , t ∈ 

 t s ̄h + ηs , t s +1 ̄h + ηs +1 ) . 

T 
s (t) ̃  χνs (t) ≤ 
̄ φT (t − η(t)) ̃  χφ(t − η(t)) , (12) 

here φ(t − η(t)) = [ φT 
1 
(t − η1 (t)) , φT 

2 
(t − η2 (t)) , . . . , φT 

n (t −
n (t)) T ] and ˜ χ is the symmetric positive definite matrix. 

Together with νs (t) and η(t) , for t ∈ [ t s ̄h + ηs , t s +1 ̄h + ηs +1 ) , we

an rewrite the control input as 

 (t) = K φ(t − η(t)) + K νs (t) . (13) 

Moreover, the designed controller can be utilized with some 

aults and can be presented as follows: 

 (t) = β(t )[ K φ(t − η(t )) + K νs (t)] , (14) 

here β(t) is a random variable can be described as follows: 

(t) = 

{
1 , t ∈ [ ̂  κ(μa + μb ) , ̂  κ(μa + μb ) + μb ) , ˆ κ ∈ N 

0 , t ∈ [ ̂  κ( μa + μb ) + μb , ̂  κ + 1(μa + μb )) , 

 < η(t) ≤ η, (15) 

here μa > 0 and μb > 0 noted as constants and termed as dwell 

imes of β(t) have unique values. 

Therefore, (5) could be written as 
 

˙ φ(t) = −Aφ(t) + g(Hφ(t − ρ(t)) + 

ˆ u (t) + Cω(t) , 
ˆ u (t) = β(t)[ K φ(t − η(t)) + K νs (t)] , 
z(t) = Dφ(t) , 

(16) 

The aim of this paper is to propose new linear matrix in- 

quality (LMI) based ( Q , S , R ) − γ − dissipative conditions for SNNs 

16) with time-varying delays (2) . To this end, the following Defini- 

on and Lemmas will be useful. 

efinition 2.1. [5] The system (16) is said to be strictly ( Q , S , R ) −
− dissipative for any t f ≥ 0 and some scalar γ > 0 , the following 

nequality holds under zero initial conditions [21] : 
 t f 

u (ω(t) , z(t)) dt ≥ γ

∫ t f 

ω 

T (t) ω(t) dt ∀ t f > 0 , 

0 0 

4 
here u (ω(t) , z(t)) with u (0 , 0) = 0 is a defined energy supply

ate function for the system (16) and satisfies 

 (ω(t) , z(t)) = z T (t) Q z(t) + 2 z T (t) S ω(t) + ω 

T (t) R ω(t) , 

here Q , S , and R are real matrices with Q 

T = Q and R 

T = R , with- 

ut loss of generality, it is assumed that Q ≤ 0 . 

emma 2.2. [6] Let Z > 0 and for given scalars α and β , the fol-

owing relations are well defined for any differentiable function u in 

 α, β] → R 

n 

−
∫ β

α
˙ u 

T (s ) Z ˙ u (s ) ds ≤ − 1 

β − α
ϕ 

T 
1 Zϕ 1 − 3 

β − α
ϕ 

T 
2 Zϕ 2 , ∫ β

α

∫ β

λ
˙ u 

T (s ) Z ˙ u (s ) d sd λ ≤ − 2 ϕ 

T 
3 Zϕ 3 − 4 ϕ 

T 
4 Zϕ 4 , 

−
∫ β

α

∫ λ

α
˙ u 

T (s ) Z ˙ u (s ) d sd λ ≤ − 2 ϕ 

T 
5 Zϕ 5 − 4 ϕ 

T 
6 Zϕ 6 , 

here 

 1 = u (β) − u (α) , ϕ 2 = u (β) + u (α) − 2 

β − α

∫ β

α
u (s ) ds, 

 3 = u (β) − 1 

β − α

∫ β

α
u (s ) ds, ϕ 5 = u (α) − 1 

β − α

∫ β

α
u (s ) ds, 

 4 = u (β) + 

2 

β − α

∫ β

α
u (s ) ds − 6 

(β − α) 2 

∫ β

α

∫ β

λ
u (s ) d sd λ, 

 6 = u (α) − 4 

β − α

∫ β

α
u (s ) ds + 

6 

(β − α) 2 

∫ β

α

∫ β

λ
u (s ) d sd λ. 

emma 2.3. [4] For symmetric positive definite matrix Q ∈ R 

n ×n , any 

atrices X, Y, and vector φ : [ α, β] → R 

n such that the integration

oncerned is well defined and the following inequality holds 

 β

α
φT (s ) Qφ(s ) ds ≥ Sym { ηT 

a X ηb + ηT 
a Y ηc } 

− (β − α) ηT 
a 

(
3 XQ 

−1 X 

T + Y Q 

−1 Y T 

3 

)
ηa , 

here ηa is any vector and ηb , ηc are defined as 

b = 

∫ β

α
φ(s ) ds and ηc = −ηb + 

2 

β − α

∫ β

α

∫ β

s 

φ(u ) d ud s. 

emma 2.4. [40] For any u ∈ [0 , 1] , s, r ∈ N , the shifted Lengendre

olynomial is 

 s (u ) = (−1) s 
s ∑ 

r=0 

ˆ ρs 
r u 

r , 

here ˆ ρs 
r = (−1) r 

(
s 

r 

)(
s + r 

r 

)
and the binomial co-efficient 

(
s 

r 

)
= 

s ! 
((s −r )! r !) 

. Correspondingly, the polynomial matrix 

 p (u ) = [ y 0 (u ) I n , y 1 (u ) I n , . . . , y p (u ) I n ] 
T , 

here n ∈ N , p ∈ N . Moreover, T p (0) and T p (1) can be defined as 

 p (0) = 

⎡ 

⎢ ⎢ ⎣ 

I n 
−I n 

. . . 
(−1) p I n 

⎤ 

⎥ ⎥ ⎦ 

= 

ˆ � a , T p (1) = 

⎡ 

⎢ ⎢ ⎣ 

I n 
I n 
. . . 

I n 

⎤ 

⎥ ⎥ ⎦ 

= � a . (17) 

emma 2.5. [4] For any constant matrix M ∈ R 

n ×n , M = M 

T > 0 ,

calar η > 0 , vector function w : [0 , η] → R 

n such that the following

elation holds ∫ η

0 

w 

T (s ) Mw (s ) ds ≤
[∫ η

0 

w (s ) ds 

]T 

M 

[∫ η

0 

w (s ) ds 

]
. 
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[

P

w

efinition 2.6. [19] The system (16) is stated that passive, for any 

 f ≥ 0 and all solutions of (16) with φ(0) = 0 , there exist a scalar

> 0 , ensure that the following inequality 

 

∫ t f 

0 

z T (s ) w (s ) ds ≥ −γ

∫ t f 

0 

w 

T (s ) w (s ) ds 

s satisfied under the zero initial condition. 

emark 2.7. The derivative of Lengendre polynomial matrix in 

emma 2.4 , can be defined as follows: 

d 

du 

T p (u ) = �̄p T p (u ) = �p T p−1 (u ) , 

d 

du 

(u T p (u )) = T p (u ) + �p T p (u ) , 

here �̄p = [�p 0 n (p+1) ,n ] , �p = νp � I n , and �p = ˆ e p � I n . The 

atrices νp ∈ R 

p+1 ×p and ˆ e p ∈ R 

p+1 ×p+1 are defined as follows 

p (s, r) = 

{
0 , i f s ≥ r, 

(2 s − 1)(1 − (−1) s + r ) , i f s < r, 

ˆ e p (s, r) = 

⎧ ⎪ ⎨ 

⎪ ⎩ 

0 , i f s > r, 

s, i f s = r, 

2 s − 1 , i f s < r. 

. Main results 

.1. Strict ( Q , S , R ) − γ − dissipative synchronization analysis 

In this part, we will discuss dissipativity criteria for SNNs 

16) with event-triggered controller. Based on the framework of 

yapunov-Krasovskii functional (LKF) and the integral inequality 

pproaches, we will give the ( Q , S , R ) − γ − dissipative conditions 

n the following Theorems 3.1 and 3.3 . Moreover, we represent the 

lock entry matrices. 

e j = [0 n ×( j−1) n I n ×n 0 n ×(35 − j) n ] 
T ∈ R 

35 n ×n , j = 1 , 2 , . . . , 35 , for ex-

mple 

e 5 = [0 0 0 0 I 0 0 0 ︸ ︷︷ ︸ 
30 times 

] , η1 (t) = [ e T 1 e T 28 ] 
T = E 

T 
1 , 

ˆ φ(t) = [ e T 1 e T 5 ] 
T , η2 (t) = [ e T 1 e T 8 ] 

T , ˆ S = g T (Hφ(s )) , 

η3 (t) = [ e T 1 e T 7 ] 
T , ρ1 t = ρ(t) − ρ1 , ρ2 t = ρ2 − ρ(t) , 

T 
1 (t) = [ φT (t) φT (t − ρ(t)) φT (t − ρ1 ) φ

T (t − ρ2 ) ˙ φT (t) 

1 

ρ(t) 

∫ t 

t −ρ(t ) 
φT (s ) ds 

1 

ρ2 t 

∫ t −ρ(t ) 

t−ρ2 

φT (s ) ds ] , 

T 
2 (t) = [ 

1 

ρ1 t 

∫ t−ρ1 

t −ρ(t ) 
φT (s ) ds 

1 

ρ2 (t) 

∫ t 

t −ρ(t ) 

∫ t 

θ
φT ( s ) d sd θ

ℵ 1 ℵ 2 

∫ t 

t−λρ1 

φT (s ) d s 

∫ t 

t−λρ1 

ˆ S d s 

∫ t−λρ2 

t−ρ2 

φT (s ) d s ] , 

T 
3 (t) = [ 

∫ t−λρ2 

t−ρ2 

ˆ S d s 

∫ t−ρ1 

t −ρ(t ) 

ˆ S d s 

∫ t −ρ(t ) 

t−ρ2 

ˆ S d s 
1 

ρ1 

∫ t 

t−ρ1 

φT (s ) d s 

1 

ρ21 

∫ t−ρ1 

t−ρ2 

φT (s ) ds ℵ 3 ℵ 4 φ
T (t − η(t))] , 

T 
4 (t) = [ φT (t − η) 

1 

η(t) 

∫ t 

t −η(t ) 
φT (s ) ds 

1 

η − η(t) 

∫ t −η(t ) 

t−η1 

φT (s ) ds ℵ 5 ℵ 6 ] , 

T 
5 (t) = [ g T (Hφ(t)) g T (H(φ(t − ρ1 ))) g 

T (H(φ(t − ρ(t)))) 

g T (H(φ(t − ρ2 ))) ν
T 
s (t) ˜ �11 

˜ �12 w (t)] 

T (t) = [ ζ T 
1 (t) ζ T 

2 (t) ζ T 
3 (t) ζ T 

4 (t) ζ T 
5 (t)] , ρ21 = ρ2 − ρ1 
5 
ℵ 1 = 

1 

(ρ(t) − ρ1 ) 2 

∫ t−ρ1 

t −ρ(t ) 

∫ t−ρ1 

θ
φT (s ) d sd θ, 

ℵ 2 = 

1 

(ρ2 − ρ(t)) 2 

∫ t −ρ(t ) 

t−ρ2 

∫ t −ρ(t ) 

θ
φT (s ) d sd θ, 

ℵ 3 = 

1 

ρ2 
1 

∫ 0 

−ρ1 

∫ t 

t+ θ
φT (s ) d sd θ, 

ℵ 4 = 

1 

(ρ2 − ρ1 ) 2 

∫ −ρ1 

−ρ2 

∫ t 

t+ θ
φT (s ) d sd θ, 

ℵ 5 = 

1 

(η(t)) 2 

∫ t 

t −η(t ) 

∫ t 

u 

φT (s ) d sd u, 

ℵ 6 = 

1 

(η − η(t)) 2 

∫ t −η(t ) 

t−η

∫ t −η(t ) 

u 

φT (s ) d sd u, 

λ1 (t) = 

[ 
φT (t) 

∫ t 

t−ρ1 

φT (s ) ds 

∫ t−ρ1 

t−ρ2 

φT (s ) ds 
1 

ρ1 

∫ 0 

−ρ1 

∫ t 

t+ θ

× φT (s ) d sd θ
1 

ρ2 − ρ1 

∫ t−ρ1 

t−ρ2 

∫ t 

t+ θ
φT (s ) d sd θ

] 
T , 

P = [ P i j ] , ˆ U 2 = 

[
U 

11 
2 U 

12 
2 

U 

22 
2 

]
, ˆ U 3 = 

[
U 

11 
3 U 

12 
3 

U 

22 
3 

]
, 

(i, j = 1 , 2 , . . . , 15) . 

heorem 3.1. Under Assumption ( H 1 ) , for given matrix K 

nd scalars ρ1 , ρ2 , ρ3 , η, 
̄ and 0 < λ < 1 , if there ex-

st positive symmetric matrices P ∈ R 

5 n ×5 n , R 1 , R 2 , R 3 , Q 1 , Q 2 , V ∈
 

2 n ×2 n , ˆ U i ∈ R 

2 n ×2 n , T 1 , T i , i = 2 , 3 , 4 , W 1 , W 2 , S, S 1 , S 2 , S 3 , W 3 , W 4 , W , 
ˆ 
 a , ̂  V b ∈ R 

n ×n , positive diagonal matrices X , Y , Z , and any compatible 

atrices F i , X i , Y i ∈ R 

9 n ×2 n , ˜ χ > 0 , i = 1 , 2 , such that the follow

atrix inequalities are hold 

ˆ U 4 W 

ˆ U 4 

]
≥ 0 , 

= 

[
� �12 

∗ −( R − γ I) 

]
< 0 , (18) 

here �12 = [ F 1 C 
T 0 0 0 F 2 C 

T 

30 times ︷ ︸︸ ︷ 
0 0 0 ] T , 

and the elements of the matrix � = 

∑ 10 
i =0 �i are represented in 

ppendix A then, for any initial condition, the error system (16) is 

issipative. That is, the slave system (3) and master system (1) are 

 Q , S , R ) − γ − dissipative synchronous via DETS, such that for ρ(t) ∈ 

 ρ1 , ρ2 ] and β(t) = { 0 , 1 } . 
roof. Choose a LKF candidate for system (16) as follows: 

V (t) = 

7 ∑ 

i =1 

V i (t) + 

˜ V (t) , (19) 

here 

V 1 (t) = λT 
1 (t) P λ1 (t) , 

V 2 (t) = 

∫ t 

t−ρ1 

φT (s ) R 1 φ(s ) ds + 

∫ t−ρ1 

t −ρ(t ) 
φT (s ) R 2 φ(s ) ds 

+ 

∫ t 

t−ρ2 

φT (s ) R 3 φ(s ) ds, 

V 3 (t) = ρ2 

∫ t 

t−ρ2 

∫ t 

t+ β
˙ φT (s ) Q 1 

˙ φ(s ) d sd β

+ (ρ2 − ρ1 ) 

∫ −ρ1 

−ρ2 

∫ t 

t+ β
˙ φT (s ) Q 2 

˙ φ(s ) d sd β

+ 

∫ t−ρ2 

t−ρ

∫ t−ρ1 

β

ˆ φT (s ) V ̂

 φ(s ) d sd β, 

1 
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ζ

w
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�  

a

X

g

w

V

V

V 4 (t) = λρ1 

∫ t 

t−λρ1 

∫ t 

β
ηT 

1 (s ) ̂  U 2 η1 (s ) d sd β

+ (ρ2 − λρ2 ) 

∫ t−λρ2 

t−ρ2 

∫ t 

β
ηT 

1 (s ) ̂  U 3 η1 (s ) d sd β

+ (ρ2 − ρ1 ) 

∫ ρ1 

−ρ2 

∫ t 

β
ηT 

1 (s ) ̂  U 4 η1 (s ) d sd β, 

V 5 (t) = 

∫ 0 

−ρ1 

∫ θ

−ρ1 

∫ t 

t+ β
˙ φT (s ) T 1 ˙ φ(s ) d sd βd θ

+ 

∫ 0 

−ρ1 

∫ 0 

θ

∫ t 

t+ β
˙ φT (s ) T 2 ˙ φ(s ) d sd βd θ

+ 

∫ −ρ1 

−ρ2 

∫ θ

−ρ2 

∫ t 

t+ β
˙ φT (s ) T 3 ˙ φ(s ) d sd βd θ

+ 

∫ −ρ1 

−ρ2 

∫ −ρ1 

θ

∫ t 

t+ β
˙ φT (s ) T 4 ˙ φ(s ) d sd βd θ, 

V 6 (t) = (ρ(t) − ρ1 ) η
T 
2 (t) W 1 η2 (t) + (ρ2 − ρ(t )) ηT 

3 (t ) W 2 η3 (t) , 

V 7 (t) = ηT 
4 (t) Sη4 (t) + 

∫ t 

t −η(t ) 
φT (s ) S 1 φ(s ) ds 

+ 

∫ t −η(t ) 

t−η
φT (s ) S 2 φ(s ) ds + η

∫ t 

t−η

∫ t 

β

˙ φT (s ) S 3 ˙ φ(s ) d sd β, 

˜ V (t) = ρ2 

∫ t 

t−ρ2 

φT (s ) W 3 φ(s ) ds −
∫ t 

t−ρ2 

φT (s ) dsW 3 

×
∫ t 

t−ρ2 

φ(s ) ds + ρ2 

∫ t 

t−ρ2 

g T (H φ(s )) W 4 g(H φ(s )) ds 

−
∫ t 

t−ρ2 

g T (Hφ(s )) dsW 4 

∫ t 

t−ρ2 

g(Hφ(s )) ds. 

The derivatives of V i (t) and 

˜ V in terms of t together with the 

rajectories of system (16) , where i = 1 , 2 , . . . , 7 yield 

˙ 
 (t) = 

7 ∑ 

i =1 

˙ V i (t) + 

˜ V < 0 , (20) 

here 

˙ 
 1 (t) = Sym (λT 

1 (t) P ̇

 λ1 (t)) = ζ T (t)�0 ζ (t) , 

˙ 
 2 (t) ≤ φT (t) R 1 φ(t) + φT (t − ρ1 )(R 2 − R 1 ) φ(t − ρ1 ) 

− (1 − ρ3 ) φ
T (t − ρ(t)) R 2 φ(t − ρ(t)) + φT (t ) R 3 φ(t ) 

− φT (t − ρ2 ) R 3 φ(t − ρ2 ) , 

≤ ζ T (t)�1 ζ (t) , 

˙ 
 3 (t) ≤ ρ2 

2 
˙ φT (t) Q 1 

˙ φ(t) + ρ2 
21 

˙ φT (t) Q 2 
˙ φ(t) 

− ρ2 

∫ t 

t−ρ2 

˙ φT (s ) Q 1 
˙ φ(s ) ds − ρ21 

∫ t−ρ2 

t−ρ1 

˙ φT (s ) 

× Q 2 
˙ φ(s ) ds + ρ21 ̂

 φT (t ) V ̂

 φ(t ) −
∫ t−ρ1 

t−ρ2 

ˆ φT (s ) V ̂

 φ(s ) ds, 

Utilizing Lemma 2.2 , we get 

− ρ2 

∫ t 

t −ρ(t ) 

˙ φT (s ) Q 1 
˙ φ(s ) ds − ρ2 

∫ t −ρ(t ) 

t−ρ2 

˙ φT (s ) Q 1 
˙ φ(s ) ds 

≤ −ζ T (t)[(e 1 − e 2 ) Q 1 (e 1 − e 2 ) 
T + 3(e 1 + e 2 − 2 e 6 ) 

× Q 1 (e 1 + e 2 − 2 e 6 ) 
T + 5(e 1 − e 2 − 6 e 6 + 12 e 9 ) 

× Q 1 (e 1 − e 2 − 6 e 6 + 12 e 9 ) 
T + (e 2 − e 4 ) Q 1 

× (e 2 − e 4 ) 
T + 3(e 2 + e 4 − 2 e 7 ) Q 1 (e 2 + e 4 − 2 e 7 ) 

T 

+ 5(e 2 − e 4 − 6 e 7 + 12 e 11 ) Q 1 (e 2 − e 4 − 6 e 7 + 12 e 11 ) 
T ] ζ (t) 

Similar to the above case, we get 

21 

∫ t−ρ2 

t−ρ

˙ φT (s ) Q 2 
˙ φ(s ) ds 
1 

6 
≤ −ζ T (t)[(e 3 − e 2 ) Q 2 (e 3 − e 2 ) 
T + 3(e 3 + e 2 − 2 e 8 ) 

× Q 2 (e 3 + e 2 − 2 e 8 ) 
T + 5(e 3 − e 2 − 6 e 8 + 12 e 10 ) 

× Q 2 (e 3 − e 2 − 6 e 8 + 12 e 10 ) 
T + (e 2 − e 4 ) Q 2 

× (e 2 − e 4 ) 
T + 3(e 2 + e 4 − 2 e 7 ) Q 2 (e 2 + e 4 − 2 e 7 ) 

T 

+ 5(e 2 − e 4 − 6 e 7 + 12 e 11 ) Q 2 (e 2 − e 4 − 6 e 7 + 12 e 11 ) 
T ] ζ (t) . 

We can establish the subsequent zero-value term to further re- 

uce the conservatism of the system (16) 

T (t)[ e 2 ̂  V a e 
T 
2 − e 4 ̂  V a e 

T 
4 ] ζ (t) − 2 

∫ t −ρ(t ) 

t−ρ2 

ˆ φT (s ) ̂  V a 
˙ ˆ φ(s ) ds = 0 , 

T (t)[ e 3 ̂  V b e 
T 
3 − e 2 ̂  V b e 

T 
2 ] ζ (t) − 2 

∫ t−ρ1 

t −ρ(t ) 

ˆ φT (s ) ̂  V b 
˙ ˆ φ(s ) ds = 0 , (21) 

here ˆ V a = 

ˆ V 

T 
a and 

ˆ V b = 

ˆ V 

T 
b 

are symmetric matrices, combining 

21) , we get 

= ζ T (t) ̂  � ζ T (t) −
∫ t −ρ(t ) 

t−ρ2 

ˆ φT (s ) ̄V a ̂
 φ(s ) ds 

−
∫ t−ρ1 

t −ρ(t ) 

ˆ φT (s ) ̄V b ̂
 φ(s ) ds, 

ˆ 
 = ρ21 

[
e 1 
e 5 

]
V 

[
e 1 
e 5 

]T 

− e 2 [ ̄V a + V̄ b ] e 
T 
2 

+ e 3 ̄V b e 
T 
3 

− e 4 ̄V a e 
T 
4 
. Next, for

ny matrices X i , Y i ∈ R 

9 n ×2 n , i = 1,2, letting X 0 be 

 0 = [ φ(t) g(Hφ(t)) φ(t − ρ(t)) g(Hφ(t − ρ(t))) 

e 7 e 8 e 9 e 10 ω(t)] = 

ˆ �a ζ (t) , 

By Lemma 2.3 to calculate the single integral term 

˙ V 3 (t) , we 

et 

−
∫ t −ρ(t ) 

t−ρ2 

ˆ φT (s ) ̄V a ̂
 φ(s ) ds −

∫ t−ρ1 

t −ρ(t ) 

ˆ φT (s ) ̄V b ̂
 φ(s ) ds 

≤ ζ T (t)[ sym { ̂  �1 } + γa + γb ] ζ (t) , 

here 

ˆ �1 = 

ˆ �T 
a X 1 γ1 + 

ˆ �T 
a Y 1 γ2 + 

ˆ �T 
a X 2 γ3 + 

ˆ �T 
a Y 2 γ4 , 

γ1 = [(ρ(t) − ρ1 ) e 
T 
8 e T 3 − e T 2 ] 

T , 

γ2 = [(ρ(t) − ρ1 ) 
2 e T 8 + 2 e T 10 e T 3 + e T 2 − 2 e T 8 ] 

T , 

γ3 = [(ρ2 − ρ(t)) e T 7 e T 2 − e T 4 ] 
T , 

γ4 = [(ρ2 − ρ(t)) 2 e T 7 + 2 e T 11 e T 2 + e T 4 − 2 e T 11 ] 
T , 

γa = (ρ(t) − ρ1 )[ ̂  �T 
a X 1 ̄V 

−1 
a X 

T 
1 

ˆ �a + 

1 

3 

ˆ �T 
a Y 1 ̄V 

−1 
a Y 

T 
1 

ˆ �a ] , 

γb = (ρ2 − ρ(t))[ ̂  �T 
a X 2 ̄V 

−1 
b 

X 

T 
2 

ˆ �a + 

1 

3 

ˆ �T 
a Y 2 ̄V 

−1 
b 

Y T 2 
ˆ �a ] , 

ˆ �a = [ e T 1 e T 2 e T 28 e T 29 e T 7 e T 8 e T 11 e T 10 e T 35 ] 
T . 

˙ 
 3 (t) ≤ ζ T (t)�2 ζ (t) . 

˙ 
 4 (t) = λ2 ρ2 

1 η
T 
1 (t) ̂  U 2 η1 (t) − λρ1 

∫ t 

t−λρ1 

ηT 
1 (s ) ̂  U 2 η1 (s ) ds 

+ (ρ2 − λρ2 ) 
2 ηT 

1 (t) ̂  U 3 η1 (t) − ρ21 

∫ t−ρ1 

t−ρ2 

ηT 
1 (s ) ̂  U 4 η1 (s ) ds 

+ ρ2 
21 η

T 
1 (t) ̂  U 4 η1 (t) − (ρ2 − λρ2 ) 

∫ t−λρ2 

t−ρ2 

ηT 
1 (s ) ̂  U 3 η1 (s ) ds. 

By utilizing Lemma 2.5 , it obtains 

− λρ1 

∫ t 

t−λρ1 

ηT 
1 (s ) ̂  U 2 η1 (s ) ds 

− (ρ2 − λρ2 ) 

∫ t−λρ2 

t−ρ
ηT 

1 (s ) ̂  U 3 η1 (s ) ds 

2 
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≤

w

−

w

V

a

T

T

V

V

w

γ

�

�

w

t

η

η

V

− ζ T (t) 

{[
e 12 

e 13 

][
U 

11 
2 U 

12 
2 

U 

22 
2 

][
e 12 

e 13 

]T 

−
[

e 14 

e 15 

][
U 

11 
3 U 

12 
3 

U 

22 
3 

][
e 14 

e 15 

]T }
ζ (t) . 

By Lemma 2.5 and reciprocal convex technique utilized in [11] , 

e get 

ρ21 

∫ t−ρ1 

t−ρ2 

ηT 
1 (s ) ̂  U 4 η1 (s ) ds ≤ −ρ21 

[∫ t−ρ1 

t −ρ(t ) 
ηT 

1 (s ) ̂  U 4 η1 (s ) ds 

+ 

∫ t −ρ(t ) 

t−ρ2 

ηT 
1 (s ) ̂  U 4 η1 (s ) ds 

]
, 

≤ −
∫ t−ρ1 

t −ρ(t ) 
ηT 

1 (s ) ds ̂  U 4 

∫ t−ρ1 

t −ρ(t ) 
η1 ( s ) ds 

−
∫ t −ρ(t ) 

t−ρ2 

ηT 
1 (s ) ds ̂  U 4 

∫ t −ρ(t ) 

t−ρ2 

η1 ( s ) ds, 

≤ − ζ T (t) 

{
γ5 

[
ˆ U 4 W 

ˆ U 4 

]
γ T 

5 

}
ζ (t) , 

≤ζ T (t)�3 ζ (t) , 

here γ5 = 

[
e 8 δ1 e 16 

e 7 δ2 e 17 

]
, δ1 = ρ1 t , δ2 = ρ2 t . 

˙ 
 5 (t) = 

˙ φT (t) 

[
(ρ2 − ρ1 ) 

2 

2 

(T 1 + T 2 ) + 

ρ2 
1 

2 

(T 1 + T 2 ) 

]
˙ φ(t) 

−
∫ 0 

−ρ1 

[∫ t+ θ

t−ρ1 

˙ φT (s ) T 1 ˙ φ(s ) + 

∫ t 

t+ θ
˙ φT (s ) T 2 ˙ φ(s ) 

]
d sd θ

−
∫ −ρ1 

−ρ2 

∫ t+ θ

t−ρ2 

˙ φT (s ) T 3 ˙ φ(s ) d sd θ

−
∫ −ρ1 

−ρ2 

∫ t−ρ1 

t+ θ
˙ φT (s ) T 4 ˙ φ(s ) d sd θ . 

Utilizing Lemma 2.2 , the following inequality can be rewritten 

s 

−
[∫ 0 

−ρ1 

∫ t+ θ

t−ρ1 

˙ φT (s ) T 1 ˙ φ(s ) + 

∫ 0 

−ρ1 

∫ t 

t+ θ
˙ φT (s ) T 2 ˙ φ(s ) 

]
d sd θ

≤ −2 ζ T (t)[(e 3 − e 18 ) T 1 (e 3 − e 18 ) 
T + 2(e 3 − 4 e 18 + 6 e 20 ) 

 1 (e 3 − 4 e 18 + 6 e 20 ) 
T + (e 1 − e 18 ) T 2 (e 1 − e 18 ) 

T 

+ 2(e 1 + 2 e 18 − 6 e 20 ) T 2 (e 1 + 2 e 18 − 6 e 20 ) 
T ] ζ (t) . 

Similarly 

−
[∫ −ρ1 

−ρ2 

∫ t+ θ

t−ρ2 

˙ φT (s ) T 3 ˙ φ(s ) + 

∫ −ρ1 

−ρ2 

∫ t−ρ1 

t+ θ
˙ φT (s ) T 4 ˙ φ(s ) 

]
d sd θ

≤ −2 ζ T (t)[(e 4 − e 19 ) T 3 (e 4 − e 19 ) 
T + 2(e 4 − 4 e 19 + 6 e 21 ) 

 3 (e 4 − 4 e 19 + 6 e 21 ) 
T + (e 3 − e 19 ) T 4 (e 3 − e 19 ) 

T 

+ 2(e 3 + 2 e 19 − 6 e 21 ) T 4 (e 3 + 2 e 19 − 6 e 21 ) 
T ] ζ (t) . 

˙ 
 5 (t) ≤ ζ T (t )�4 ζ (t ) . (22) 

Now, let us focus on V 6 (t) in (19) , we have 

˙ V 6 (t) = ˙ ρ(t) ηT 
2 (t) W 1 η2 (t) + 2(ρ(t) − ρ1 ) η

T 
2 (t) W 1 ˙ η2 (t) 

− ˙ ρ(t) ηT 
3 (t) W 2 ˙ η3 (t) + 2(ρ2 − ρ(t )) ηT 

3 (t ) W 2 η3 (t) 

= ˙ ρ(t) 

[
φ(t) 
γ1 (t) 

]
W 1 

[
φ(t) 
γ1 (t) 

]T 

− ˙ ρ(t) 

[
φ(t) 
γ2 (t) 

]
W 2 

×
[

φ(t) 
γ2 (t) 

]T 

+ Sym 

{[
φ(t) 
γ1 (t) 

]T 

W 1 

[
(ρ(t) − ρ1 ) ˙ φ(t) 

G 

a 

]

7 
+ 

[
φ(t) 
γ2 (t) 

]T 

W 2 

[
(ρ2 − ρ(t)) ˙ φ(t) 

G 

b 

]}
, 

˙ 
 6 (t) ≤ζ T (t)�5 ζ (t) , (23) 

here 

G 

a = φ(t − ρ1 ) − (t − ˙ ρ(t)) φ(t − ρ(t)) − ˙ ρ(t ) γ1 (t ) 

G 

b = (t − ˙ ρ(t)) φ(t − ρ(t)) − φ(t − ρ2 ) − ˙ ρ(t) γ2 (t) 

1 (t) = e T 8 ζ (t) , γ2 (t) = e T 7 ζ (t) . 

Before obtaining the derivative of V 7 (t) , define that 

ηT 
4 (t) = [ η(t)�T 

1 (t) (η − η(t))�T 
2 (t)] , 

1 (t) = 

1 

η(t) 

∫ t 

t −η(t ) 

˜ �11 φ(s ) ds, 

2 (t) = 

1 

η − η(t) 

∫ −η(t) 

−η

˜ �12 φ(s ) ds 

˜ �11 = T P 

(
s − t + η(t) 

η(t) 

)
, ˜ �12 = T P 

(
s − t + η

η − η(t) 

)
. (24) 

Furthermore, we get 

d 

dt 
[ η(t)�1 (t)] = ˙ η(t)�1 (t) + η(t) 

×
∫ 1 

0 

T P (δ) ˙ φ(s (δ))[ δ ˙ η(t) + 1 − ˙ η(t)] dδ

= ˙ η(t)�1 (t) + ˙ η(t) η(t) 

∫ 1 

0 

δT P (δ) ˙ φ(s (δ)) dδ

+ (1 − ˙ η(t )) η(t ) 

∫ 1 

0 

T P (δ) ˙ φ(s (δ)) dδ, 

here δ = 

s −t + η(t ) 
η(t) 

then s = δη(t) + t − η(t) . Utilizing the novel 

echniques with (17) and Remark 2.7 , we obtain 

(t) 

∫ 1 

0 

δT P (δ) ˙ φ(s (δ)) dδ

= T P (1) φ(t) −
∫ 1 

0 

φ(s (δ)) 
d 

dδ
(δT P (δ)) dδ, 

= � a φ(t) − �1 (t) − �p �1 (t) . 

Similarly, 

(t) 

∫ 1 

0 

T P (δ) ˙ φ(s (δ)) dδ

= T P (1) φ(t) − T P (0) φ(t − η(t)) −
∫ 1 

0 

φ(s (δ)) 
d 

dδ
(T P (δ)) dδ

= � a φ(t) − ˆ � a φ(t − η(t)) − �̄P �1 (t) . 

Correspondingly, the derivative of (η − η(t))�2 (t) gives, 

d 

dt 
[(η − η(t))�2 (t)] = − ˙ η(t)�2 (t) − ˙ η(t)[ � a φ(t − η(t)) 

− �2 (t) − �̄T �2 (t)] + � a φ(t − η(t)) 

− ˆ � a φ(t − η) − �̄P �2 (t) . (25) 

Combining (24) - (25) , we get 

d 

dt 
{ ηT 

4 (t) Sη4 (t) } = Sym { ( ̃  γ11 + ˙ η(t) ̃  γ12 ) 
T S ̂  ϕ s } . (26) 

Therefore, the derivative of V 7 (t) becomes 

˙ 
 7 (t) ≤ Sym { ( ̃  γ11 + ˜ γ12 ) 

T S ̂  ϕ s } + φT (t) S 1 φ(t) 

− φT (t − η) S 2 φ(t − η) + η2 ˙ φT (t) S 3 ˙ φ(t) 

− η

∫ t 

t−η

˙ φT (s ) S 3 ˙ φ(s ) ds. 
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From Lemma 2.2 , the above inequality can be written as 

− η

∫ t 

t−η

˙ φT (s ) S 3 ˙ φ(s ) ds = −ζ T (t)[(e 1 − e 22 ) S 3 

× (e 1 − e 22 ) 
T + 3(e 1 + e 22 − 2 e 24 ) S 3 (e 1 + e 22 − 2 e 24 ) 

T 

+ 5(e 1 − e 22 − 6 e 24 + 12 e 26 ) S 3 (e 1 − e 22 − 6 e 24 + 12 e 26 ) 
T 

+ (e 22 − e 23 ) S 3 (e 22 − e 23 ) 
T + 3(e 22 + e 23 − 2 e 25 ) S 3 

× (e 22 + e 23 − 2 e 25 ) 
T + 5(e 22 − e 23 − 6 e 25 + 12 e 27 ) S 3 

× (e 22 − e 23 − 6 e 25 + 12 e 27 ) 
T ] ζ (t) 

˙ 
 7 (t) ≤ ζ T (t )�6 ζ (t ) . (27) 

˙ ˜ 
 (t) ≤ ζ T (t) 

[ 
ρ2 (e 1 W 3 e 

T 
1 − e 4 W 3 e 

T 
4 ) − 2(e 1 − e T 4 ) 

 3 (ρ(t) e 6 + (ρ2 − ρ(t)) e 7 ) + ρ2 (e 28 W 4 e 
T 
28 − e 31 W 4 e 

T 
31 ) 

− 2(e 28 − e 31 ) W 4 (e T 16 + e T 17 ) 
] 
ζ (t) 

˙ 
 8 (t) ≤ ζ T (t )�7 ζ (t ) . (28) 

In addition, for any compatible matrices F j ( j = 1 , 2) , one can

et the following equation based on system (16) 

 = Sym (φT (t) F 

T 
1 + 

˙ φT (t) F 

T 
2 )[ − ˙ φT (t) − AφT (t) 

+ g(Hφ(t − ρ(t))) + B [ β(t)[ K φ(t − η(t)) + K νs (t)]] + Cω(t)] 

= ζ T (t)�8 ζ (t) . (29) 

From the neuron activation function in (H 1 ) , the subsequent re- 

ations hold for any X , Y , Z ≥ 0 

 

T 
z (t) � a � z (t) ≥ 0 , � 

T 
z (t − ρ(t)) � b � z (t − ρ(t)) ≥ 0 , 

 

T 
V (t) � c � V (t) ≥ 0 , (30) 

here 

 z (t) = [ φ(t) g T (Hφ(t))] , � V (t) = [ � 

T 
z (t) � z (t − ρ(t))] 

� a = 

[−G 1 H X G 2 H X 

∗ −X 

]
, � b = 

[−G 1 H Y G 2 H Y 

∗ −Y 

]
, 

� c = 

⎡ 

⎢ ⎢ ⎢ ⎣ 

−G 1 H Z G 2 H Z G 1 H Z −G 2 H Z 

∗ −Z −G 2 H Z Z 

∗ ∗ −G 1 H Z G 2 H Z 

∗ ∗ ∗ −Z 

⎤ 

⎥ ⎥ ⎥ ⎦ 

, 

X = diag{ x 11 , x 12 , . . . , x 1 n } , Y = diag{ y 21 , y 22 , . . . , y 2 n } , 
and Z = diag{ z 31 , z 32 , . . . , z 3 n } . 

Therefore from (30) , we get ζ T (t)�9 ζ (t) and also combining 

20) - (30) with (12) , it can be obtained that 

˙ 
 (t) − u (w (t ) , z(t )) + γ w 

T (t ) w (t ) ≤ ζ T (t )�ζ (t ) , 

here � = 

∑ 10 
i =0 �i is defined in Theorem 3.1 . Suppose � < 0 , we 

an obtain 

˙ 
 (t) − u (w (t ) , z(t )) + γ w 

T (t ) w (t ) ≤ 0 . (31) 

Integrating (31) from 0 to t f , the following inequality holds: ∫ t f 

0 

w 

T (t) w (t) dt −
∫ t f 

0 

u (w (t) , z(t)) dt ≤ −V (t f ) + V (0) . 

Under the zero initial condition V (0) = 0 , ∀ t f > 0 , it is clear

hat ∫ t f 

w 

T (t) w (t) dt −
∫ t f 

u (w (t) , z(t)) dt ≤ −V (t f ) ≤ 0 . 

0 0 �

8 
Thus, the error system (16) is ( Q , S , R ) − γ −dissipative in the 

ense of Definition 2.1 , which shows that the master system 

1) and the slave system (3) are dissipative synchronous. Moreover, 

f ω(t) = 0 and following the similar procedures used above, we 

an obtain the error system (16) is asymptotic stable. The proof is 

ompleted. �

emark 3.2. The synchronization of sampled-data control sys- 

em has reported in an extraordinary volume of literatures see 

28,30] and the references therein. It is worth mentioning that 

he sampled-data control with synchronization analysis is adopted 

n the above literature. In contrast, the resilent distributed event- 

riggered control (RDETC) with fault approach is developed in this 

aper. Generally, the RDETC presents better dynamic performance 

f the closed-loop system and reducing the amount of controller 

pdates and lessing the network communication than the other 

ontroller as explained in the introduction section. The result in 

heorem 3.3 fills the gap on the resilient event-triggered control 

f SNNs. 

.2. Resilient dissipative event-triggered controller design 

It is observed that arguments in the previous literature works 

he modelled controller could be very sensitive or fragile in terms 

f various changes in the feedback gain. The following resilient 

ontrol idea being implemented to frame a feedback control gain. 

n the following Theorem 3.3 , we will discuss resilient event- 

riggered control framework for the SNNs. By the way, the control 

ain can be modelled as K + ϒ̄(t )�K (t ) , where 

K (t) = G H(t) F , (32) 

here G and F denoted as known matrices and H(t) defined 

s unknown matrix which satisfies H 

T (t) H(t) = I. Moreover, ϒ̄ (t) 

aken as random variable and can be utilized to model the ran- 

omly occurring controller gain fluctuations. ϒ̄ (t) is termed as 

ernoulli-distributed white sequences take off the values of 0 or 1 

ith P r { ̄ϒ(t) = 1 } = E { ̄ϒ(t) } = ϒ̄ . Now consider the following sys-

em with resilient event-triggered controller 
 

 

 

 

 

˙ φ(t) = −Aφ(t) + g(Hφ(t − ρ(t)) + Bu (t) + Cω(t) , 

u (t) = β(t)[(K + ϒ̄(t)�K (t)) φ(t − η(t)) 

+(K + ϒ̄ (t )�K (t )) νs (t )] , 
z(t) = Dφ(t) . 

(33) 

heorem 3.3. Under Assumption ( H 1 ) , for given scalars 

1 , ρ2 , ρ3 , η, λ, ˜ λ, ˜ α, 
̄ , and matrices Q = Q 

T , S , R = R 

T ,

he neural network (33) is ( Q , S , R ) − γ − dissipative and asymp- 

otically stable in mean square sense and using the event- 

riggered controller (14) , if there exist positive symmetric matrices 

ˆ 
 ∈ R 

5 n ×5 n , ˆ R 1 , ˆ R 2 , ˆ R 3 , ˆ Q 1 , ˆ Q 2 , ̄V ∈ R 

2 n ×2 n , 
¯̂
 U i ∈ R 

2 n ×2 n , ̂  T 1 , ̂  T i , i = 

 , 3 , 4 , ˆ W 1 , ˆ W 2 , ̂  S , ̂  S 1 , ̂  S 2 , ̂  S 3 , ˆ W 3 , ˆ W 4 , ˆ W , ̂  K , ¯̂
 V a , ̄̂  V b ∈ R 

n ×n , posi-

ive diagonal matrices X , Y , Z , and any compatible matrices F, 

 i , Y i ∈ R 

9 n ×2 n , ˜ χ > 0 , i = 1 , 2 , β(t) = { 0 , 1 } and ρ(t) ∈ [ ρ1 , ρ2 ] in

uch a way the subsequent inequalities hold [
ˆ U 4 ˆ W 

ˆ U 4 

]
≥ 0 , 

 

 

 

 

˜ ˆ � ˜ �12 �1 �T 
2 

∗ −( R − γ I) 0 0 

∗ −˜ λI 0 

∗ ∗ −˜ λI 

⎤ 

⎥ ⎥ ⎦ 

< 0 , (34) 

here ˜ ˆ � = 

∑ 10 
i =0 

˜ ˆ �i are defined in Appendix B and 

˜ 
12 = [ ̃  αC T 0 0 0 C T 

29 times ︷ ︸︸ ︷ 
0 0 0 ] T , 
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s
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T
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t
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w

c

P

�1 = [ G ̃  αB 

T β(t) 0 0 0 G B 

T β(t) 0 0 0 ︸ ︷︷ ︸ 
30 times 

] T , 

�2 = [ 

21 times ︷ ︸︸ ︷ 
0 0 0 F 

T 
F 

T 
︷ ︸︸ ︷ 
0 0 0 

9 times 
F 

T 
F 

T 0 0 0] . 

Then, the error system (33) is dissipative synchronous. Moreover, 

he desired resilient event-triggered control gain can be achieved by 

 = 

ˆ K F −1 , such that for ρ(t) ∈ [ ρ1 , ρ2 ] and β(t) = { 0 , 1 } . 
roof. Utilizing (32) and the condition in (18) , we obtain 

+ �H(t)  +  

T H 

T (t) � 

T , 

here 

 = [(G F 1 Bβ(t)) T 0 0 0 (G F 2 Bβ(t)) T 

30 times ︷ ︸︸ ︷ 
0 0 0 ] T , 

 = [ 

21 times ︷ ︸︸ ︷ 
0 0 0 F 

︷ ︸︸ ︷ 
0 0 0 

9 times 
F 0 0 0] . 

Furthermore, it follows from Lemma 3.5 of [39] that there exists 

calar ˜ λ > 0 , such that � + ̃

 λ−1 �� 

T + ̃

 λ 

T  . Then, by using schur

omplement, it is easy to obtain 

˜ = 

⎡ 

⎣ 

� � λ 

T 

−˜ λI 0 

∗ −˜ λI 

⎤ 

⎦ . (35) 

The proof follows the similar procedure as in Theorem 3.1 . De- 

ne 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ˆ P = F 

T 
� P � F , ˆ R 1 = F 

T R 1 F , ˆ R 2 = F 

T R 2 F , 

ˆ R 3 = F 

T R 3 F, ˆ Q 1 = F 

T Q 1 F, ˆ Q 2 = F 

T Q 2 F, 

ˆ W 1 = F 

T W 1 F, ˆ W 2 = F 

T W 2 F, ˆ V = F 

T VF, 

¯̂
 V a = F 

T ˆ V a F, ¯̂
 V b = F 

T ˆ V b F, ˆ U 

1 k 
j 

= F 

T U 

1 k 
j 
F, 

ˆ U 

22 
j 

= F 

T U 

22 
j 
F, 

¯̂
 U 4 = F 

T ˆ U 4 F, ˆ T 1 = F 

T T 1 F, 

ˆ T 2 = F 

T T 2 F, ˆ T 3 = F 

T T 3 F, ˆ T 4 = F 

T T 4 F, 

ˆ S = F 

T SF, ˆ S 1 = F 

T S 1 F, ˆ S 2 = F 

T S 2 F, 

ˆ S 3 = F 

T S 3 F, ˆ W 3 = F 

T W 3 F, ˆ W 4 = F 

T W 4 F, 

ˆ W = F 

T WF, ˆ ˜ χ = F 

T ˜ χF, 

j = 2 , 3 , k = 1 , 2 . 

(36) 

oreover, F 2 = F −1 , F 1 = ˜ αF −1 , ̂  K = KF. Then performing congru-

nce transformation to (35) with 

diag{ F , F , F ︸ ︷︷ ︸ 
32 times 

, I , I , I ︸︷︷︸ 
5 times 

} , we obtain the condition (34) . �

. Passivity analysis 

Willems [21] built up an efficient structure for dissipative sys- 

ems, including passive modelled systems, by presenting the entry 

f a storage function and a supply rate. Inspired by the above facts, 

n this following segment, we discuss the synchronization problem 

or passivity analysis of SNNs with event-triggered scheme. 

emark 4.1. Theorem 3.1 established a strict dissipativity synchro- 

ization analysis of SNNs (16) . In the view of Theorem 3.1 , we

btain the passivity analysis of error system (16) with respect to 

 = 0 , S = I, and R = 2 γ I in the following Theorem 4.2 . 

heorem 4.2. Under Assumption ( H 1 ) , for given scalars 

1 , ρ2 , ρ3 , η, ˜ λ, ˜ α, 
̄ , and matrices Q = Q 

T , S , R = R 

T ,

he error system (33) is passive with the event-triggered 

ontroller (14) , if there exist positive symmetric matri- 

es ˆ P l ∈ R 

5 n ×5 n , ˆ R 1 , ˆ R 2 , ˆ R 3 , ˆ Q 1 , ˆ Q 2 , ˆ W 1 , ˆ W 2 , ̄V ∈ R 

2 n ×2 n , 
¯̂
 U i ∈

 

2 n ×2 n , ̂  T 1 , ̂  T i , i = 2 , 3 , 4 , ̂  S , ̂  S 1 , ̂  S 2 , ̂  S 3 , ˆ W 3 , ˆ W 4 , ˆ W , ̂  K , ̄̂  V a , ̄̂  V b ∈ R 

n ×n , 

ositive diagonal matrices X , Y , Z , and any compatible matrices F, 
9 
 i , Y i ∈ R 

9 n ×2 n , ˆ ˜ χ > 0 , i = 1 , 2 , β(t) = { 0 , 1 } and ρ(t) ∈ [ ρ1 , ρ2 ] in

uch a way the subsequent inequalities hold [
ˆ U 4 ˆ W 

ˆ U 4 

]
≥ 0 , 

 

˜ ˆ � ˜ �12 

∗ −γ

] 

< 0 , (37) 

here ˜ ˆ � = 

∑ 10 
i =0 

˜ ˆ �i and 
∑ 9 

i =0 
˜ ˆ �i are defined in Appendix B , ˜ ˆ �10 = 

e 1 FDe 33 + 
̄ e 22 ̂
 ˜ χe T 

22 
− e 32 ̂

 ˜ χe T 
32 

and the remaining terms are de- 

ned in Theorem 3.3 . 

Then for any initial condition, the error system (33) is passive. For 

his case, the slave system (3) and master system (1) are passive syn- 

hronous. Furthermore, the desired resilient event-triggered controller 

ain can be achieved by K = 

ˆ K F −1 , such that for ρ(t) ∈ [ ρ1 , ρ2 ] and

(t) = { 0 , 1 } . 
roof. Considering the same LKF as in Theorem 3.1 and following 

he similar proof of Theorem 3.1 , we can see that the subsequent 

nequality is true. 

Therefore, 

˙ 
 (t) − 2 z T (t ) w (t ) − w 

T (t ) γ w (t ) ≤ ζ T (t )�ζ (t ) , 

here ζ (t) and � is defined in Theorem 3.1 . Hence if � < 0 holds, 

hen the above inequality implies that 

˙ 
 (t) − 2 z T (t ) w (t ) − w 

T (t ) γ w (t ) ≤ 0 . (38) 

Integrating (38) from 0 to t f , under zero initial condition, we 

et 

 

∫ t f 

0 

z T (s ) w (s ) ds ≥ V (t f ) − V (0) − γ

∫ t f 

0 

w 

T (s ) w (s ) ds 

≥ −γ

∫ t f 

0 

w 

T (s ) w (s ) ds, (39) 

or all t f ≥ 0 . Therefore, the error system (33) is passive with re- 

pect to Definition 2.6 . �

emark 4.3. If taking w (t) = 0 and z(t) = 0 , then the error system

5) turns into the subsequent system (40) . 

˙ φ(t) = −Aφ(t) + g(Hφ(t − ρ(t)) + Bu (t) , 
u (t) = β(t)[ K φ(t − η(t)) + K νs (t)] . 

(40) 

A stabilization criterion for synchronization network (40) with 

ime-varying delay can be discussed in the following Corollary 4.4 . 

he other procedures of Corollary 4.4 for synchronization network 

40) are similar to the proof of Theorem 3.1 . 

orollary 4.4. Under Assumption ( H 1 ) , for given scalars 

1 , ρ2 , ρ3 , η, λ, ˜ λ, ˜ α, 
̄ , and the error system (40) is 

symptotically stable in the sense of event-triggered con- 

roller (14) , if there exist positive symmetric matrices ˆ P ∈ 

 

5 n ×5 n , ˆ R 1 , ˆ R 2 , ˆ R 3 , ˆ Q 1 , ˆ Q 2 , ˆ W 1 , ˆ W 2 , ̄V ∈ R 

2 n ×2 n , 
¯̂
 U i ∈ R 

2 n ×2 n , ̂  T 1 , ̂  T i , i = 

 , 3 , 4 , ̂  S , ̂  S 1 , ̂  S 2 , ̂  S 3 , ˆ W 3 , ˆ W 4 , ˆ W , ̂  K , symmetric matrices ¯̂
 V a , ̄̂  V b ∈ R 

n ×n ,

iagonal matrices X , Y , Z , and any compatible matrices F, 

 i , Y i ∈ R 

9 n ×2 n , ˜ χ > 0 , i = 1 , 2 , β(t) = { 0 , 1 } and ρ(t) ∈ [ ρ1 , ρ2 ]

n such a way the subsequent inequalities hold 

ˆ U 4 W 

ˆ U 4 

]
> 0 , 

˜ ˆ � < 0 , (41) 

here ˜ ˆ � = 

∑ 9 
i =0 

˜ ˆ �i are same as defined in Theorem 3.3 . 

Then, the error system without resilient are asymptotically syn- 

hronous. Moreover, the control gain matrix is given by K = 

ˆ K F −1 . 

roof. Setting ω(t) = 0 and construct 
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Fig. 2. The panels (a)-(c) contain the evolution of curves for case I in Example 5.1 . 
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E

ζ T (t) = [ ζ T 
1 (t) ζ T 

2 (t) ζ T 
3 (t) ζ T 

4 (t) ζ T 
5 (t)] ζ T 

5 (t) = [ g T (H(φ(t −
1 ))) g T (H(φ(t − ρ(t)))) g T (H(φ(t − ρ2 ))) ν

T 
s (t) ˜ �T 

11 
(t) ˜ �T 

12 
(t)] . 

he remaining vector elements are defined in Theorem 3.1 . The 

roof is the same as that of Theorem 3.3 . �

. Numerical examples 

In this section, the following numerical examples are discussed 

o prove the usefulness of the derived results in this paper 

xample 5.1. Consider the following system with the parameters 

s follows: 
 

˙ φ(t) = −Aφ(t) + g(Hφ(t − ρ(t)) + Bu (t) + Cω(t) , 
u (t) = β(t)[ K φ(t − η(t)) + K νs (t)] , 
z(t) = Dφ(t) , 

(42) 

A = 

[
7 . 0214 0 

0 7 . 4367 

]
, H = 

[−6 . 49 −12 . 02 

−0 . 68 5 . 66 

]
, 

B = 

[
0 . 5 −0 . 1 

−0 . 4 0 . 2 

]
, C = 

[
0 . 1 0 

0 0 . 1 

]
, 

 = 

[−1 0 . 4 

0 1 

]
, G = diag{ 0 . 5 , 0 . 5 } , F = diag{ 0 . 1 , 0 . 1 } . 

he objective of this example is to find the maximum permissible 

ime delay ρ , such that the system is strictly ( Q , S , R ) − γ − dissi-
2 

10 
ative. For this, we choose 

 = diag{−1 , −1 } , R = diag{ 3 , 3 } , S = 

[
0 . 1 −0 . 1 

−0 . 1 0 . 5 

]
. 

n this example, the activation functions are assumed to be g(φ j ) = 

 . 5(| φ j + 1 | − | φ j − 1 | ) . It can be verified that Assumption ( H 1 )

s hold with G 

−
j 

= 0 , G 

+ 
j 

= 1 , j = 1 , 2 . Thus, G 1 = diag{ 0 , 0 } , G 2 =
iag{ 0 . 5 , 0 . 5 } . By using MATLAB LMI toolbox and by taking η =
 . 5 , ρ(t) = 1 + 0 . 5 sint, which means ρ2 = 1 . 5 and the time-

erivative of the delay satisfies ρ3 = 0 . 5 , ρ1 = 0 . 5 . Based on

he above parameter value and solve the LMI conditions in 

heorem 3.3 for two cases. In this simulation, we introduce two 

ases to validate the design control performance. 

Case:I (with fault): 

In this case β(t) is assume to be fixed with respect to the be- 

ow parameters. In addition, some of the efficient results have been 

roduced with respect to fault approach based on the traditional 

pproaches, for instance [47] and [48] . Such a controller with fault 

ave not conventionally, (i.e) switching between two different ap- 

roaches are very fast. In the sense of practical applications, it may 

e difficult or impossible for implementation. Furthermore, the fast 

witching will cause multiple damages to equipments. With ref- 

rence to these facts, it is appropriate to design a controller with 

ault belongs to the intervals. According to the key idea in [47] and 

48] , one could design fault approach. However, the corresponding 

ariable β(t) with respect to traditional Bernoulli variable and let 

 [ β(t)] = 0.889. 
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Fig. 3. The panels (a)-(c) contain the evolution of curves for case II in Example 5.1 . 
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Fig. 4. Event-triggered release interval in Example 5.1 . 
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Fig. 5. Behavior of various solutions trajectories φ1 , φ2 , φ3 in Example 5.2 . 
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We can solve the LMIs in Theorem 3.3 and applying the above 

arameters, fault value, the corresponding control gain matrix and 

riggered parameters are obtained as follows: 

˜ = 10 

2 ×
[

2 . 2748 0 . 0 0 01 

0 . 0 0 01 0 . 121 5 

]
, 

 = 

[−0 . 0263 0 . 4221 

0 . 1411 −0 . 2874 

]
. 

or the simulation purpose, we consider the exogenous distur- 

ance input w (t) = 0 . 5 + sin (0 . 13 exp (0 . 5 t)) and the initial con-

ition φ0 = [ −3 , 3] T , the error simulation of open-loop system is

iven Fig. 2 c in which the trajectories diverge. The corresponding 

losed-loop error response curves are depicted in Fig. 2 a, which 

hows that the trajectories converges quickly to zero. In addi- 

ion, the event-triggered scheme is applied to dissipative problem 

or SNNs in this paper, which greatly reduce the communication 

urden. The corresponding triggered events for dissipative case is 

iven in Fig. 4 , which indicates that the proposed event-triggered 

ontroller scheme can reduce the number of controller executions 

ffectively and save resources. The corresponding control input has 

een shown in Fig. 2 b. Concluded, from Fig. 2 it is revealed that

he proposed controller effectively stabilize the considered system 

ven in the presence of fault approach. 

Case:II (without fault approach): 
12 
For this case, no fault approach. Furthermore, solving the LMIs 

resented in Theorem 3.3 with the same system parameters as 

entioned in the previous case, the controller gain matrices and 

vent-triggered parameters are solved out as follows 

λ = 10 

2 ×
[

5 . 6335 4 . 8231 

4 . 8231 3 . 5412 

]
, 

 = 

[−1 . 5342 0 . 5672 

0 . 3118 −2 . 5922 

]
. 

sing the above gain matrices and with the randomized initial 

ondition, the error responses of both closed and open-loop sys- 

em, control variation of the system (42) with respect to Case II 

re depicted in Fig. 3 (a–c). 

xample 5.2. Consider a general form of the SNNs can be ex- 

ressed as [1] 

dφmi (t) 

dt 
= − ˆ αi φmi (t) + 

n ∑ 

j=1 

g j (H i j φm j (t ρ(t ))) , (43) 

here ˆ αi is the inverse of the time constant governing the rate of 

hange of the i th neuron. Moreover, a vector form of the system 

iven in (43) can be expressed as 

dφm 

(t) = −Aφm 

(t) + g(Hφm 

(t − ρ(t))) . (44) 
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Now, we consider the event-triggered synchronization with de- 

ayed SNNs. Based on the system (44) , let us take into account the

aster and slave system as follows: 

master : dφm (t) 
dt 

= −Aφm 

(t) + g(Hφm 

(t − ρ(t))) , 

sla v e : dφs (t) 
dt 

= −Aφs (t) + g(Hφs (t − ρ(t))) + Bu (t) , 

rror = sla v e − master : 

error : dφ(t) 
dt 

= −Aφ(t) + g(Hφ(t − ρ(t))) + Bu (t) , (45) 

here 

 = 

⎡ 

⎢ ⎣ 

2 0 0 

0 2 0 

0 0 2 

⎤ 

⎥ ⎦ 

, H = 

⎡ 

⎢ ⎣ 

0 . 2 −0 . 1 0 

0 . 1 0 . 3 −0 . 2 

−0 . 2 0 . 1 0 . 2 

⎤ 

⎥ ⎦ 

, 

 = 

[
1 1 1 

]T 
. 

In order to get a synchronization for the above SNNs (45) , 

et us consider the activation function as g(φ(t)) = tanh (φ(t)) 

ith G 1 = diag{ 0 , 0 , 0 , 0 } , G 2 = diag{ 1 , 1 , 1 , 1 } . Also, ρ2 = 0 . 3 , ρ1 =
 . 2 , η = 0 . 2 , and using the Matlab LMI Control Toolbox to solve the

MIs of Corollary 4.4 , we can obtain the corresponding control gain 

atrix and triggered parameters as follows: 

 = 

[
0 . 9836 0 . 3125 0 . 4086 

]
. 

λ = 

[ 

73 . 3163 −0 . 0150 −0 . 0105 

−0 . 0150 73 . 2579 −0 . 0138 

−0 . 0105 −0 . 0138 73 . 3012 

] 

. 
13 
The behavior of the uncontrolled system (45) is depicted in 

ig. 5 . Moreover, under the randomized initial conditions corre- 

ponding dynamic behaviors of error system (45) is displayed in 

ig. 6 a and the control input of the considered system is shown 

n Fig. 6 b and transmission intervals are presented in Fig. 6 c; it is

bvious that the error system (45) is asymptotically stable under 

he event-triggered controller (13) . In other words, the considered 

NNs designed in this paper is feasible, which can synchronize the 

onsidered system effectively. 

. Conclusion and future directions 

In this paper, the distributed event-triggered control for SNNs 

as studied with dissipative synchronization and time-varying de- 

ay. In view of the time-varying delay techniques and adequate 

onditions have been acquired to guarantee the SNNs is strict 

 Q , S , R ) − γ − dissipative and passivity subject to synchronization 

riteria. Then, by taking the influence of the controller failures 

nto account, a novel error model with the DETS has been estab- 

ished. The desired controller gain and event-triggered parameters 

ave been obtained by solving a set of linear matrix inequalities. 

inally, simulation examples are given to verify the effectiveness 

f the proposed method. The presented results and approaches in 

his article can be extended to many complex dynamic systems, 

uch as multiagent systems, stochastic delayed NNs, and the semi- 

arkovian jump-delayed NNs. 
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ppendix A. The elements of the matrix 
∑ 10 

i =0 �i 

�0 = Sym (υT 
1 P υ2 )) , 

υ1 = [ e 1 ρ1 e 18 (ρ2 − ρ1 ) e 19 ρ1 e 20 (ρ2 − ρ1 ) e 21 ] 
T , 

υ2 = [ e 5 e 1 − e 3 e 3 − e 4 e 1 − e 18 e 3 − e 20 ] 
T , 

�1 = e T 1 R 1 e 1 + e 3 (R 2 − R 1 ) e 3 − (1 − ρ3 ) e 
T 
2 R 1 e 2 

+ e T 1 R 3 e 1 − e T 4 R 3 e 4 , 

�2 = −(e 1 − e 2 ) Q 1 (e 1 − e 2 ) 
T − 3(e 1 + e 2 − 2 e 6 ) 

× Q 1 (e 1 + e 2 − 2 e 6 ) 
T − 5(e 1 − e 2 − 6 e 6 + 12 e 9 ) 

× Q 1 (e 1 − e 2 − 6 e 6 + 12 e 9 ) 
T − (e 2 − e 4 ) Q 1 

× (e 2 − e 4 ) 
T − 3(e 2 + e 4 − 2 e 7 ) Q 1 (e 2 + e 4 − 2 e 7 ) 

T 

− 5(e 2 − e 4 − 6 e 7 + 12 e 11 ) Q 1 (e 2 − e 4 − 6 e 7 + 12 e 11 ) 
T 

+ (e 3 − e 2 ) Q 2 (e 3 − e 2 ) 
T + 3(e 3 + e 2 − 2 e 8 ) 

× Q 2 (e 3 + e 2 − 2 e 8 ) 
T + 5(e 3 − e 2 − 6 e 8 + 12 e 10 ) 

× Q 2 (e 3 − e 2 − 6 e 8 + 12 e 10 ) 
T + (e 2 − e 4 ) Q 2 

× (e 2 − e 4 ) 
T + 3(e 2 + e 4 − 2 e 7 ) Q 2 (e 2 + e 4 − 2 e 7 ) 

T 

+ 5(e 2 − e 4 − 6 e 7 + 12 e 11 ) Q 2 (e 2 − e 4 − 6 e 7 + 12 e 11 ) 
T 

+ Sym { ̂  �1 } + γa + γb , 

�3 = 

[
e 1 
e 28 

][ 
λ2 ρ2 

1 
ˆ U 2 + (ρ2 − λρ2 ) 

2 ˆ U 3 + ρ2 
21 ̂

 U 4 

] [
e 1 
e 28 

]T 

+ 

[
e 12 

e 13 

][
U 

11 
2 U 

12 
2 

U 

22 
2 

][
e 12 

e 13 

]T 

−
[

e 14 

e 15 

]

×
[

U 

11 
3 U 

12 
3 

U 

22 
3 

][
e 14 

e 15 

]T 

− γ5 

[
ˆ U 4 W 

ˆ U 4 

]
γ T 

5 , 

�4 = e 5 [ 
(ρ2 − ρ1 ) 

2 

2 

(T 1 + T 2 ) + 

ρ2 
1 

2 

(T 1 + T 2 )] e 5 

− 2[(e 3 − e 18 ) T 1 (e 3 − e 18 ) 
T + 2(e 3 − 4 e 18 + 6 e 20 ) 

T 1 (e 3 − 4 e 18 + 6 e 20 ) 
T + (e 1 − e 18 ) T 2 (e 1 − e 18 ) 

T 

+ 2(e 1 + 2 e 18 − 6 e 20 ) T 2 (e 1 + 2 e 18 − 6 e 20 ) 
T ] 

− 2[(e 4 − e 19 ) T 1 (e 4 − e 19 ) 
T + 2(e 4 − 4 e 19 + 6 e 21 ) 

T 3 (e 4 − 4 e 19 + 6 e 21 ) 
T + (e 3 − e 19 ) T 2 (e 3 − e 19 ) 

T 

+ 2(e 3 + 2 e 19 − 6 e 21 ) T 4 (e 3 + 2 e 19 − 6 e 21 ) 
T , 

�5 = ˙ ρ(t) E 

T 
5 W 1 E 5 − ˙ ρ(t) E 

T 
6 W 2 E 6 

+ Sym { E 

T 
5 W 1 E 7 + E 

T 
5 W 2 E 8 } , 

�6 = Sym { ( ̃  γ11 + ˜ γ12 ) 
T S ̂  ϕ s } + e T 5 S 1 e 1 

− e T 3 s 2 e 3 − [(e 1 − e 22 ) S 3 (e 1 − e 22 ) 
T 
14 
+ 3(e 1 + e 22 − 2 e 24 ) S 3 (e 1 + e 22 − 2 e 24 ) 
T 

+ 5(e 1 − e 22 − 6 e 24 + 12 e 6 ) S 3 (e 1 − e 22 − 6 e 24 + 12 e 6 ) 
T 

+ (e 22 − e 23 ) S 3 (e 22 − e 23 ) 
T + 3(e 22 + e 23 − 2 e 25 ) S 3 

× (e 22 + e 23 − 2 e 25 ) 
T + 5(e 22 − e 23 − 6 e 25 + 12 e 27 ) S 3 

× (e 22 − e 23 − 6 e 25 + 12 e 27 ) 
T ] , 

�7 = ρ2 (e 1 W 3 e 
T 
1 − e 4 W 3 e 

T 
4 ) − 2(e 1 − e T 4 ) 

W 3 ρ2 e 6 + (ρ2 − ρ(t)) e 7 ) + ρ2 (e 27 w 4 e 
T 
27 − e 29 w 4 e 

T 
29 ) 

− 2(e 27 − e 29 ) W 4 (e T 27 + e T 29 ) , 

�8 = 2[ e T 1 F 

T 
1 + e 5 F 

T 
2 ][ −e T 5 − Ae T 1 + e T 30 + Bβ(t) K e T 22 

+ Bβ(t) K e T 32 ] , 

�9 = 

[
e 1 
e 28 

]
� a 

[
e 1 
e 28 

]T 

+ 

[
e 2 
e 30 

]

� b 

[
e 2 
e 30 

]T 

+ 

⎡ 

⎢ ⎣ 

e 1 
e 28 

e 2 
e 30 

⎤ 

⎥ ⎦ 

� c 

⎡ 

⎢ ⎣ 

e 1 
e 28 

e 2 
e 30 

⎤ 

⎥ ⎦ 

T 

, 

10 = −e 1 D Q e T 1 − e 1 D S e T 33 − 
̄ e 22 ˜ χe T 22 + e 32 ˜ χe T 32 , 

V̄ a = V + 

[
0 

ˆ V a 

ˆ V a 0 

]
, V̄ b = V + 

[
0 

ˆ V b 

ˆ V b 0 

]
, 

˜ γ11 = [ B 

T 
11 B 

T 
12 B 

T 
13 ] 

T , 

B 11 = [ −A 0 0 0 ︸ ︷︷ ︸ 
20 times 

Bβ(t) K 0 0 0 ︸ ︷︷ ︸ 
9 times 

Bβ(t) K 0 0 0] , 

B 12 = [ 0 0 0 ︸ ︷︷ ︸ 
21 times 

− ˆ � a 0 0 0 ︸ ︷︷ ︸ 
11 times 

−�p 0] , 

B 13 = [ 0 0 0 ︸ ︷︷ ︸ 
21 times 

� a − ˆ � a 0 0 0 ︸ ︷︷ ︸ 
11 times 

−�̄p ] , 

˜ γ12 = 

⎡ 

⎢ ⎢ ⎢ ⎢ ⎢ ⎣ 

0 0 0 ︸ ︷︷ ︸ 
21 times 

0 0 0 0 ︸ ︷︷ ︸ 
12 times 

0 

0 0 0 ︸ ︷︷ ︸ 
21 times 

ˆ � a 0 0 0 ︸ ︷︷ ︸ 
12 times 

−�p + �̄p 

0 0 0 ︸ ︷︷ ︸ 
21 times 

− ˆ � a 0 0 0 ︸ ︷︷ ︸ 
12 times 

�̄p 

⎤ 

⎥ ⎥ ⎥ ⎥ ⎥ ⎦ 

, E 5 = 

[
e 1 
e 8 

]
, 

ˆ ϕ s = 

⎡ 

⎢ ⎢ ⎢ ⎢ ⎣ 

0 0 0 ︸ ︷︷ ︸ 
33 times 

0 0 

0 0 0 ︸ ︷︷ ︸ 
33 times 

ηI nP 0 

0 0 0 ︸ ︷︷ ︸ 
33 times 

ηI nP 0 

⎤ 

⎥ ⎥ ⎥ ⎥ ⎦ 

, E 6 = 

[
e 1 
e 7 

]
. 

E 7 = 

[
ρ1 e 5 

e 3 − (1 − ρ3 ) e 2 − ρ3 e 8 

]
, 

E 8 = 

[
ρ2 e 5 

(1 − ρ3 ) e 2 − e 4 − ˙ ρ(t) e 7 

]
. 

ppendix B. The elements of the matrix 
∑ 10 

i =0 
¯̂
 �i 

Replace R i , Q i , V , ˆ U j , T j , S, S i , W 3 , W 4 , i = 1 , 2 , 3 , j = 1 , 2 , 3 , 4

y (36) and remaining matrix elements 
∑ 7 

i =0 
¯̂
 �i , 

¯̂
 �9 are same as in 

heorem 3.1 , and 

¯̂
 �8 = Sym [ ̃  αe T 1 + e 5 ][ −Fe T 5 − A Fe T 1 + Fe T 29 + Bβ(t) ̂  K e T 22 

+ Bβ(t) ̂  K e T 32 ] , 

¯̂
 

10 = −e 1 FD Q e T 1 − e 1 FD S e T 33 − 
̄ e 22 
ˆ ˜ χe T 22 + e 32 

ˆ ˜ χe T 32 , 



R. Vadivel, P. Hammachukiattikul, N. Gunasekaran et al. Chaos, Solitons and Fractals 150 (2021) 111212 

C

d

i

i

D

R

 

 

 

 

 

 

 

 

 

 

 

 

 

[  

[

[  

[  

[  

[  

[  

[

[  

[  

 

[  

[  

[  

[

[  

[

[  

[  

[  

 

[

[  

[  

[  

[  

 

[  
˜ �12 = [ ̃  αC T 0 0 0 C T 

28 times ︷ ︸︸ ︷ 
0 0 0 ] T , 

˜ γ11 = [ B 

T 
11 B 

T 
12 B 

T 
13 ] 

T , 

B 11 = [ −A 0 0 0 ︸ ︷︷ ︸ 
20 times 

Bβ(t) ̂  K 0 0 0 ︸ ︷︷ ︸ 
9 times 

Bβ(t) ̂  K 0 0 0] , 

B 12 = [ 0 0 0 ︸ ︷︷ ︸ 
21 times 

− ˆ � a F 0 0 0 ︸ ︷︷ ︸ 
11 times 

−�̄p F 0] , 

B 13 = [ 0 0 0 ︸ ︷︷ ︸ 
21 times 

� a F − ˆ � a F 0 0 0 ︸ ︷︷ ︸ 
11 times 

−�̄p F] , 

˜ γ12 = 

⎡ 

⎢ ⎢ ⎢ ⎢ ⎢ ⎣ 

0 0 0 ︸ ︷︷ ︸ 
21 times 

0 0 0 0 ︸ ︷︷ ︸ 
12 times 

0 

0 0 0 ︸ ︷︷ ︸ 
21 times 

ˆ � a F 0 0 0 ︸ ︷︷ ︸ 
12 times 

(−�p + �̄p ) F 

0 0 0 ︸ ︷︷ ︸ 
21 times 

− ˆ � a F 0 0 0 ︸ ︷︷ ︸ 
12 times 

�̄p F 

⎤ 

⎥ ⎥ ⎥ ⎥ ⎥ ⎦ 
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