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Abstract Based on Takagi-Sugeno(T-S) fuzzy models,

this paper investigates practical finite-time(PFET) syn-

chronization of complex networks with a linear coupling

and two different kinds of nonlinear couplings, including

nonlinear relative state coupling and nonlinear absolute

state coupling. A new stability lemma is established based

on different time intervals. Two kinds of controllers are

designed including semi-intermittent state feedback control

and semi-intermittent adaptive control. As a result, with the

help of new stability lemma and control schemes, the goal

of PFET synchronization is realized via Lyapunov func-

tionals. Eventually, simulation experiments are presented

to verify our new results.

Keywords Practical finite-time synchronization � T-S
fuzzy complex networks � Nonlinear couplings � Semi-

intermittent control

1 Introduction

Complex networks(CNs) which compose of multiple

interacting nodes generalize complex systems as network

systems. With the help of CNs such as neural networks,

information networks, biological networks and social net-

works, complex systems are widely investigated. Note that

many real systems and processes are nonlinear, many T-S

fuzzy CNs are established because of their advantages in

the analysis of nonlinear systems. T-S fuzzy model is

described by a set of fuzzy IF-THEN rules [1]. By means of

IF-THEN rules, the nonlinear system as well as the output

space will acquire a linear representation [2]. As a result,

nonlinear system are represented as a sum form of some

linear subsystems, then T-S fuzzy models become an

effective link between linear system and complex nonlinear

systems.

The couplings of CNs can be grouped into linear coupling

and nonlinear coupling. Although linear coupling is usually

considered in large quantities of references, the coupling of

real-world applications is always nonlinear coupling. The

nonlinear coupling can be classified as two cases: nonlinear

relative state coupling and nonlinear absolute state coupling,

one can see it in [3, 4] and some the other references. Relative

state coupling refers to the direct detection of relative states

between subsystems, while absolute state coupling refers to

the transmission of absolute information between adjacent

subsystems. In practice, wemay obtain different couplings in

variable engineering scenarios. The switch of couplings is

always random, which can be described by a random vari-

able. Bernoulli random variable is considered in some papers

to describe a random switch variable, for example, Bernoulli

random variable denotes whether the nodes is attacked or not

in [5], Bernoulli randomvariable is used to described random

time delays in [6, 7].

As one of the significant dynamic behaviors, synchro-

nization of CNs has received extensive attention from

many scholars. When the synchronization of dynamic

systems is mentioned, finite-time(FET) synchronization is

always considered at present stage. There are two main

reasons: FET synchronization has optimal convergence and

it also has better robustness [8–10]. Accordingly, FET

synchronization has aroused considerable interest in
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control science and engineering. Note that the evolution of

systems will be influenced by lots of factors such as

environment, time delay and stochastic perturbations.

Those interference factors will bring some difficulties to

the control of systems, which means that the error states

may not approach to the origin accurately. Then the

viewpoint of practical stability is proposed in [11, 12].

According, practical synchronization means that system

errors can converge to a small region of origin [13, 14],

which expands the practical application of synchronization

and stability. Based on FET synchronization and practical

synchronization, practical finite-time(PFET) stability and

synchronization are considered actively, some results can

be seen in references [15–19].

As we all know, the synchronization of dynamic systems

will not be realized automatically, then additional con-

troller is always necessary. The control schemes can be

summarized as continuous control and discontinuous con-

trol. Especially, discontinuous control methods are con-

sidered commonly, such as sampled-data control, event-

triggered control, impulsive control, intermittent control

and so on. On one hand, discontinuous control does not

need to control constantly and control technique can be

implemented easily. On the other hand, control resources

can be saved. For example, intermittent control which is

one of discontinuous controls is flexible and economical.

For class intermittent control, control is exerted in control

interval while control is not implemented in rest interval

which can be seen in references [6, 20–22] and so on. In

order to adapt the applications, many improved intermittent

control methods are also developed, such as intermittent

pinning control, semi-intermittent control, adaptive inter-

mittent control in [23–26] and some other references.

Especially, semi-intermittent control is designed via the

idea of intermittent control, but the control is also imple-

mented in rest interval to realize control goal. It is worth

noting that the control schemes are different in control

interval and rest interval.

Inspired by the above analysis, we focus on the study of

PFET synchronization of T-S fuzzy CNs with different

couplings. The main contributions of the paper are as

follows:

(1) The system of this paper contains not only the linear

coupling but also the nonlinear coupling, where the

nonlinear dynamic behavior can be expressed as

nonlinear relative state coupling and absolute state

coupling;

(2) We improve a stability lemma. This lemma can

guarantee the systems synchronize to an interval,

which is different from some previous results that

the systems synchronize to the origin accurately;

(3) Two new semi-intermittent controllers via tanh are

designed to help to realize PFET synchronization.

The arrangement of this paper are as follows. In Sect. 2, the

considered model of this paper as well as some assumptions

and lemmas are presented. In Sect. 3, two different con-

trollers are designed to deal with PFET synchronization of

T-S fuzzy CNs. Then in Sect. 4, two numerical simulations

are presented to prove the effectiveness of the results. In

Sect. 5, the conclusions are drawn.

2 Model Description and Some Preliminaries

Notations: In this paper, the notations are standard.

N ¼ f0; 1; 2; � � �g, Rþ, R, R
n and Rn�m denote the set of

positive real numbers, the real numbers set, n-dimensional

Euclidean space and the set of all n� m real matrices,

respectively. kvk ¼
ffiffiffiffiffiffiffi

vTv
p

, jvj ¼ ðjv1j; jv2j; � � � ; jvnjÞT 2 Rn,

diagðvÞ ¼ diagðv1; v2; � � � ; vnÞ and jvj‘ ¼ ðjv1j‘; jv2j‘;
� � � ; jvnj‘ÞT 2 Rn with ‘ 2 Rþ for v ¼ ðv1; v2; � � � ; vnÞT
2 Rn. Moreover, In denotes the identity matrix of n, k � k is

2–norm of a vector or a matrix. kmaxðAÞ denotes the the

maximum eigenvalue of matrix A, Pfag represents the

probability of occurrence of a and E½�� means the mathe-

matical expectation.

The considered T-S fuzzy CNs can be presented as:

Rule s: IF z1ðtÞ is Ms1, and z2ðtÞ is Ms2, � � �, zqðtÞ is Msq,

THEN

_xiðtÞ¼
X

m

s¼1

#sðzðtÞÞ
�

AsxiðtÞþBsf ðxiðtÞÞ

þbðtÞcðtÞ
X

N

j¼1;j 6¼i

cijDðxjðtÞ�xiðtÞÞ

þð1�bðtÞÞcðtÞ
X

N

j¼1;j 6¼i

cijDgðxjðtÞ�xiðtÞÞ

þð1�cðtÞÞ
X

N

j¼1;j 6¼i

cijDð}ðxjðtÞÞ�}ðxiðtÞÞÞþUs
i ðtÞ

�

:

ð1Þ

where i2N¼f1;2;���;Ng, xiðtÞ¼ðxi1ðtÞ;xi2ðtÞ;���; xinðtÞÞT2
Rn is the state vector, As2Rn�n and Bs2Rn�n are known

constant matrices. f ðxiðtÞÞ¼ðf1ðxi1ðtÞÞ;f2 ðxi2ðtÞÞ;���;fn
ðxinðtÞÞÞT2Rn is a continuous function. The continuous

nonlinear coupling functions where gðxjðtÞ�xiðtÞÞ2Rn is

nonlinear relative state coupling, which meets gðxiðtÞ�
xjðtÞÞ¼0 if and only if xiðtÞ¼xjðtÞ and }ðxjðtÞÞ�}ðxiðtÞÞ2
Rn is nonlinear absolute state coupling. bðtÞ and cðtÞ are

Bernoulli random variables, and there are PfbðtÞ¼1g¼
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E½bðtÞ�¼b and PfbðtÞ¼0g ¼1�b, PfcðtÞ¼1g¼E½cðtÞ�¼c
and PfcðtÞ¼0g¼1 �c, where b and c are constants and

satisfy the inequalities: 0�b�1 and 0�c�1. D¼
diagfd1;d2;���;dng with dl[0ðl¼1;2;���;nÞ, submits the

inner coupling matrix; C¼ðcijÞN�N is the outer coupling

matrix, which meets the conditions of cij�0ði 6¼jÞ, cii¼
�
PN

j¼1;j 6¼icij and cij¼ cji. U
s
i ðtÞ2Rn is the controller. The

initial value of system (1) xið0Þ2Rn. zðtÞ¼
ðz1ðtÞ;z2ðtÞ;���;zqðtÞÞT is the premise variable vector,

Msjðs¼1;2;���;m;j¼1;2;���; qÞ is the fuzzy set. Moreover,

#sðzðtÞÞ ¼
wsðzðtÞÞ

Pm
s¼1 wsðzðtÞÞ

;wsðzðtÞÞ ¼
Y

q

j¼1

MsjðzjðtÞÞ;

with wsðzðtÞÞ� 0 and
Pm

s¼1 wsðzðtÞÞ[ 0, s ¼ 1; 2; � � � ;m, it
is clear that

X

m

s¼1

#sðzðtÞÞ ¼ 1; #sðzðtÞÞ� 0; for t 2 Rþ:

Remark 1 The system (1) can be divided into the fol-

lowing circumstances:

ðbðtÞ; cðtÞÞ ¼

ð1; 1Þ; linear coupling;

ð1; 0Þ; nonlinear absolute state coupling;

ð0; 1Þ; nonlinear relative state coupling;

ð0; 0Þ; nonlinear absolute state coupling:

:

8

>

>

>

>

>

<

>

>

>

>

>

:

It can be seen that different couplings can be obtained by

different values of Bernoulli random variables.

The target nodes are presented as follows:

_yðtÞ ¼
X

m

s¼1

#sðzðtÞÞ
�

AsyðtÞ þ Bsf ðyðtÞÞ
�

; ð2Þ

and the initial value of system (2) yð0Þ 2 Rn.

Let eiðtÞ ¼ xiðtÞ � yðtÞ, �f ðeiðtÞÞ ¼ f ðxiðtÞÞ � f ðyðtÞÞ,
�}ðejðtÞÞ ¼ }ðxjðtÞÞ � }ðyðtÞÞ. From system (1) and (2),

then error system can be expressed as the following form:

_eiðtÞ ¼
X

m

s¼1

#sðzðtÞÞ
�

AseiðtÞ þ Bs
�f ðeiðtÞÞ

þ bðtÞcðtÞ
X

N

j¼1

cijDejðtÞ

þ ð1� bðtÞÞcðtÞ
X

N

j¼1

cijDgðejðtÞ � eiðtÞÞ

þ ð1� cðtÞÞ
X

N

j¼1

cijD �}ðejðtÞÞ þ Us
i ðtÞ

�

:

ð3Þ

Based on references [15], this paper gives the following

definition of PFET synchronization.

Definition 1 System (1) is said to be practical synchro-

nized with system (2) in finite time if there exists a constant

K[ 0 and a settling time T1 [ 0 such that lim
t!T1

E½kei
ðtÞk� �K and E½keiðtÞk� �K for any t[ T1.

So as to facilitate the derivation of the final results, the

following assumptions and lemmas are utilized:

Assumption 1 There are positive constants L1 and L2
such that

kf ðxÞ � f ðyÞk� L1kx� yk and k}ðxÞ � }ðyÞk� L2

kx� yk; 8x; y 2 Rn:

The following Assumption 2 is a useful assumption to

deal with nonlinear relative state coupling in some existing

papers, such as [3, 4] and so on.

Assumption 2 [3] It is assumed that the nonlinear func-

tion gðxiðtÞ � xjðtÞÞ, which satisfies the following natures:

ðiÞ gðxiðtÞ � xjðtÞÞ ¼ �gðxjðtÞ � xiðtÞÞ;
ðiiÞ �1ðxiðtÞ � xjðtÞÞTðxiðtÞ � xjðtÞÞ� ðxiðtÞ � xjðtÞÞTgðxiðtÞ

�xjðtÞÞ� �2ðxiðtÞ � xjðtÞÞTðxiðtÞ � xjðtÞÞð0\�1 � �2Þ.

Lemma 1 [27] As for any v 2 R, there exists

0� jvj � v tanhðevÞ� i
e, where e � 1 and i ¼ 0:2785.

Lemma 2 [28] If h1; h2; . . .; hn � 0, 0\t� 1, the

inequality is tenable

X

n

i¼1

hti �
�

X

n

i¼1

hi

�t

:

Lemma 3 It is assumed that there is a time sequence

ftk; k 2 Ng, which meets 0 ¼ t0\t1\ � � �\tk\ � � �, and
lim

k!þ1
tk ¼ þ1, VðtÞ : Rn ! R is C-regular and satisfies

the following condition:

_VðtÞ�
� /1VðtÞ � /2V

xðtÞ þ /0; t 2 ½t2k; t2kþ1Þ;

/3VðtÞ þ /0; t 2 ½t2kþ1; t2kþ2Þ;
:

(

ð4Þ

where t 2
�

0;þ1Þ, x 2 ð0; 1Þ, /0, /1, /2 and /3 are

positive constants. Moreover, if there exists a k 2 N such

that
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!ðkÞ ¼
�

Hðk � 1Þ þ Do
	

expð�r1ðt2kþ1 � t2kÞÞ � Do� 0;

then there exists a positive constant T1 such that

VðtÞ�
� /0

/2ð1�qÞ
	

1
x for t[ T1, and

T1 ¼ t2k	 þ
1

r1
ln
� 1

Do
Hðk	 � 1Þ þ 1

	

;

where r1 ¼ ð1� xÞ/1, r2 ¼ ð1� xÞ/2q, r3 ¼ ð1� xÞ
/3, r4 ¼ ð1� xÞ/2, q 2 ð0; 1Þ, o1 ¼ r2

r1
, o2 ¼ r4

r3
and

o1 [ o2 with Do ¼ o1 � o2, Hðk � 1Þ ¼ ðV1�xð0Þ þ
o1Þ exp

�

Pk�1
i¼0 ð�r1ðt2iþ1 � t2iÞþ r3ðt2iþ2 � t2iþ1ÞÞ

	

with

t�2 ¼ t�1 ¼ t0 ¼ 0, k	 ¼ minfk 2 N : !ðkÞ� 0g.

Proof As for q 2 ð0; 1Þ, the inequality (4) can be rewrit-

ten as

_VðtÞ�
�/1VðtÞ�q/2V

xðtÞ�ð1�qÞ/2V
xðtÞþ/0; t2½t2k;t2kþ1Þ;

/3VðtÞþ/2V
xðtÞ�ð1�qÞ/2V

xðtÞþ/0; t2½t2kþ1;t2kþ2Þ:




ð5Þ

Define two sets as X1 ¼ ftjVxðtÞ� /0

/2ð1�qÞg and

X2 ¼ ftjVxðtÞ[ /0

/2ð1�qÞg.
Case 1: If t 2 X2, overwrite inequality (5) yields,

_VðtÞ�
�/1VðtÞ � q/2V

xðtÞ; t 2 ½t2k; t2kþ1Þ;
/3VðtÞ þ /2V

xðtÞ; t 2 ½t2kþ1; t2kþ2Þ;




ð6Þ

thus, the proof of (4) converts to (6).

Consider the comparison system below:

_vðtÞ ¼
�/1vðtÞ � q/2v

xðtÞ; t 2 ½t2k; t2kþ1Þ;

/3vðtÞ þ /2v
xðtÞ; t 2 ½t2kþ1; t2kþ2Þ;

(

vð0Þ ¼ Vð0Þ:

:

8

>

>

<

>

>

:

ð7Þ

Due to 0�VðtÞ� vðtÞ, then if there exists T1 [ 0 such that

vðT1Þ ¼ 0 and vðtÞ 
 0 for t� T1, it has VðtÞ 
 0 for

t� T1. Therefore, it just remains to prove the zero solution

stability of system (7).

Let WðtÞ ¼ v1�xðtÞ, one has

_WðtÞ ¼
�r1WðtÞ � r2; t 2 ½t2k; t2kþ1Þ;

r3WðtÞ þ r4; t 2 ½t2kþ1; t2kþ2Þ;

(

Wð0Þ ¼ v1�xð0Þ;

:

8

>

>

<

>

>

:

then one obtains

WðtÞ¼
ðWðt2kÞþo1Þexpð�r1ðt�t2kÞÞ�o1;t2½t2k;t2kþ1Þ;

ðWðt2kþ1Þþo2Þexpðr3ðt�t2kþ1ÞÞ�o2;t2½t2kþ1;t2kþ2Þ:
:

(

ð8Þ

When t2½t2k;t2kþ1Þ, it can be concluded from (8) that

WðtÞ¼ðWðt2kÞþo1Þexpð�r1ðt�t2kÞÞ�o1

¼
�

ðWðt2k�1Þþo2Þexpðr3ðt2k�t2k�1ÞÞþDo
	

expð�r1ðt�t2kÞÞ�o1

¼
�

ðWðt2k�2Þþo1Þexpð�r1ðt2k�1�t2k�2Þ
þr3ðt2k�t2k�1ÞÞ�Do expðr3ðt2k�t2k�1ÞÞ
þDo

	

expð�r1ðt�t2kÞÞ�o1

..

.

¼
�

ðWð0Þþo1Þexp
�

X

k�1

i¼0

ð�r1ðt2iþ1�t2iÞþr3ðt2iþ2�t2iþ1ÞÞ
	

�Do
X

k�1

j¼1

��

expðr3ðt2j�t2j�1ÞÞ�1
	

exp
�

X

k�1

i¼j

ð�r1ðt2iþ1

�t2iÞþr3ðt2iþ2�t2iþ1ÞÞ
	�

�Doexpðr3ðt2k�t2k�1ÞÞþDo

�

expð�r1ðt�t2kÞÞ�o1:

Because of o1[o2, so �Doexpðr3ðt2k�t2k�1ÞÞ\0, and

�Doðexpðr3ðt2j�t2j�1ÞÞ�1Þ\0, j2f1;2;���;k�1g. Then,

we can obtain the following result:

WðtÞ�
�

ðWð0Þ þ o1Þ exp
�

X

k�1

i¼0

ð�r1ðt2iþ1 � t2iÞ

þ r3ðt2iþ2 � t2iþ1ÞÞ
	

þ Do
	

expð�r1ðt � t2kÞÞ � o1

\ðHðk � 1Þ þ DoÞ expð�r1ðt � t2kÞÞ � Do:

ð9Þ

In the same way, when t 2 ½t2kþ1; t2kþ2Þ, one derives from

(8) that

WðtÞ¼ðWðt2kþ1Þþo2Þexpðr3ðt�t2kþ1ÞÞ�o2

¼
�

ðWðt2kÞþo1Þexpð�r1ðt2kþ1�t2kÞÞ
�Do

	

expðr3ðt�t2kþ1ÞÞ�o2

¼
��

ðWð0Þþo1Þexp
�

X

k�1

i¼0

ð�r1ðt2iþ1�t2iÞ

þr3ðt2iþ2�t2iþ1ÞÞ
	

�Do
X

k�1

j¼1

��

expðr3ðt2j�t2j�1ÞÞ�1
	

exp
�

X

k�1

i¼j

ð�r1ðt2iþ1�t2iÞþr3ðt2iþ2�t2iþ1ÞÞ
	�

�Doexpðr3ðt2k�t2k�1ÞÞþDo

�

expð�r1ðt2kþ1�t2kÞÞ�Do

�

expðr3ðt�t2kþ1ÞÞ�o2

�
�

ðHðk�1ÞþDoÞexpð�r1ðt2kþ1�t2kÞÞ
�Do

	

expðr3ðt�t2kþ1ÞÞ�o2

\
�

ðHðk�1ÞþDoÞexpð�r1ðt2kþ1�t2kÞÞ
�Do

	

expðr3ðt�t2kþ1ÞÞ:

ð10Þ

As a result, from (9) and (10), it can be acquired that
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WðtÞ\

ðHðk�1ÞþDoÞexpð�r1ðt�t2kÞÞ�Do; t2½t2k;t2kþ1Þ;
�

ðHðk�1ÞþDoÞexpð�r1ðt2kþ1�t2kÞÞ�Do
	

expðr3ðt�t2kþ1ÞÞ; t2½t2kþ1;t2kþ2Þ:

:

8

>

>

<

>

>

:

Same analysis method as [22], one can obtain that there

exists a unique k	2N and T12½t2k	 ;t2k	þ1Þ such that

WðT1Þ¼0 with the help of the following comparison

system

SðtÞ¼

ðHðk�1ÞþDoÞexpð�r1ðt�t2kÞÞ�Do; t2½t2k;t2kþ1Þ;
�

ðHðk�1ÞþDoÞexpð�r1ðt2kþ1�t2kÞÞ�Do
	

expðr3ðt�t2kþ1ÞÞ; t2½t2kþ1;t2kþ2Þ:

:

8

>

>

<

>

>

:

ð11Þ

Then, we estimate the settling time T1, which belongs

½t2k	 ;t2k	þ1Þ. Let SðT1Þ¼0, one has from (11) that

ðHðk	 � 1Þ þ DoÞ expð�r1ðt � t2k	 ÞÞ ¼ Do;

by solving the above equation, we can obtain

T1 ¼ t2k	 þ
1

r1
ln
� 1

Do
Hðk	 � 1Þ þ 1

	

:

Case 2: If t 2 X1, according to Case 1, VðtÞ is bounded.

Here, T1 is still an effective estimation. The proof is

completed. h

Remark 2 Lemma 3 is employed to investigate the issues of

PFET synchronization of intermittent control systems and has

wide applicability.We identify the setsX1 andX2 bymeans of

/0,/2,x andq to determine the range of convergence. In this

case, it is required to satisfy /0 [ 0. In case /0 ¼ 0, which

implies that Lemma 3 will transform into the form presented

in [22], and it is capable of achieving FET synchronization.

In addition, Lemma 3 indicates that if !ðkÞ� 0, VðtÞ is able
to converge to an interval ½0;

� /0

/2ð1�qÞ
	1
x� at the moment, and

PFET stability is achievable.

3 PFET Synchronization via Semi-intermittent
Control

This section we design two kinds of controllers. Based on

those controllers, two PFET synchronization criteria are

established. In order to present the advantages of our

results, some comparisons are given.

One controller is designed as follows:

Us
i ðtÞ¼

�fsi hðeiðtÞÞ�n1diagðsignðeiðtÞÞÞjhðeiðtÞÞj‘

�n2tanhðehðeiðtÞÞÞ; t2½t2k;t2kþ1Þ;

�fsi hðeiðtÞÞ�n2tanhðehðeiðtÞÞÞ; t2½t2kþ1;t2kþ2Þ;

:

8

>

>

<

>

>

:

ð12Þ

where fsi[0;s¼1;2;���;m are control gains, n1[0, n2[0,

e�1, and 0\‘\1 are tunable constants. hð�Þ: R!P is a

quantizer, where P¼f�sj¼pjs0;0\p\1;j¼0;�1;

�2;���g[f0g, s0 is a positive constant. For 8m2R, the

quantizer hðmÞ is defined as follows:

hðmÞ ¼

sj; if
1

1þ .
sj\m\

1

1� .
sj;

0; if m ¼ 0;

� hð�mÞ; if m\0;

:

8

>

>

>

>

<

>

>

>

>

:

where . ¼ 1�p
1þp, it can be seen that there is a Filipov solution

d 2 ½�.; .Þ such that hðmÞ ¼ ð1þ dÞm. In this paper,

hðeiðtÞÞ ¼ ðhðei1ðtÞÞ; hðei2ðtÞÞ; � � � ; hðeinðtÞÞÞT , jhðeiðtÞÞj‘

¼ ðjhðei1ðtÞÞj‘; jhðei2ðtÞÞj‘; � � � ; jhðeinðtÞÞj‘ÞT .
Via controller (12), we give the following Theorem 1.

Theorem 1 If Assumptions 1 and 2 hold, the control gains

of (12) satisfy the following condition

fsi �
1

2ð1� .Þ ð2kAsk þ 2kBskL1 þ 2bckmaxð �CÞ

þ 2ð1� cÞL2kmaxð ~CÞ þ 1Þ;
ð13Þ

and there exist constants x 2 ð0; 1Þ, q 2 ð0; 1Þ, /0 [ 0,

/1 [ 0, /2 [ 0, /3 [ 0 and a k 2 N such that

!ðkÞ ¼
�

Hðk � 1Þ þ Do
	

expð�r1ðt2kþ1 � t2kÞÞ � Do� 0;

ð14Þ

where Ĉ ¼ ðĉijÞN�N , ĉij ¼ dmaxcij, ĉii ¼ dmincii,
�C ¼ ð�cijÞN�N , �cij ¼ ĉij, �cii ¼ dminjciij with dmax ¼
maxfd1; d2; � � � ; dng as well as dmin ¼ minfd1; d2; � � � ; dng,
�C ¼ 1

2
ðĈ þ ĈTÞ and ~C ¼ 1

2
ð �C þ �CTÞ. Moreover, r1, r2, r3,

r4, o1, o2, Do, Hðk � 1Þ, k	 are defined as those in Lemma

3 with /0 ¼ nNin2
eð1�.Þ, /1 ¼ 1, /2 ¼ 2

‘þ1
2 n1ð1� .Þ‘, x ¼ ‘þ1

2
.

Then, under the controller (12), the systems (1) and (2) can

achieve PFET synchronization within a finite time,

T1 ¼ t2k	 þ
1

r1
ln
� 1

Do
Hðk	 � 1Þ þ 1

	

: ð15Þ

Proof Consider the following Lyapunov function:

VðtÞ ¼ 1

2

X

N

i¼1

eTi ðtÞeiðtÞ: ð16Þ

Next, via Lyapunov function (16), two cases will be given.

Case1: when t 2 ½t2k; t2kþ1Þ, k 2 N, considering error

system (3) and controller (12), we obtain
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LVðtÞ ¼
X

N

i¼1

eTi ðtÞ
�

X

m

s¼1

#sðzðtÞÞ
�

AseiðtÞ þ Bs
�f ðeiðtÞÞ

þ bðtÞcðtÞ
X

N

j¼1

cijDejðtÞ

þ ð1� bðtÞÞcðtÞ
X

N

j¼1

cijDgðejðtÞ � eiðtÞÞ

þ ð1� cðtÞÞ
X

N

j¼1

cijD �}ðejðtÞÞ

� fsi hðeiðtÞÞ � n1diagðsignðeiðtÞÞÞjhðeiðtÞÞj‘

� n2 tanhðehðeiðtÞÞÞ
��

:

ð17Þ

It is obvious that

X

m

s¼1

#sðzðtÞÞ
X

N

i¼1

eTi ðtÞAseiðtÞ�
X

m

s¼1

#sðzðtÞÞkAsk
X

N

i¼1

keiðtÞk2: ð18Þ

Using Assumptions 1, we know

X

m

s¼1

#sðzðtÞÞ
X

N

i¼1

eTi ðtÞðBs
�f ðeiðtÞÞÞ�

X

m

s¼1

#sðzðtÞÞL1kBsk
X

N

i¼1

keiðtÞk2: ð19Þ

The following inequality can be easily derived

X

N

i¼1

X

N

j¼1

eTi ðtÞcijDejðtÞ

�
X

N

i¼1

ciidmine
T
i ðtÞeiðtÞ þ

X

N

i¼1

X

N

j¼1;j6¼i

cijdmaxkeiðtÞkkejðtÞk

¼
X

N

i¼1

ĉiie
T
i ðtÞeiðtÞ þ

X

N

i¼1

X

N

j¼1;j 6¼i

ĉijkeiðtÞkkejðtÞk

�
X

N

i¼1

kmaxð �CÞkeiðtÞk2:

ð20Þ

Similarly, according to Assumptions 1, it can be acquired

that

X

N

i¼1

X

N

j¼1

eTi ðtÞcijD �}ðejðtÞÞ�
X

N

i¼1

jciijdminL2e
T
i ðtÞeiðtÞ

þ
X

N

i¼1

X

N

j¼1;j 6¼i

cijdmaxL2keiðtÞkkejðtÞk

¼
X

N

i¼1

�ciiL2e
T
i ðtÞeiðtÞ þ

X

N

i¼1

X

N

j¼1;j 6¼i

�cijL2keiðtÞkkejðtÞk

�
X

N

i¼1

L2kmaxð ~CÞkeiðtÞk2:

ð21Þ

According to Assumptions 2, by using cij ¼ cji and

ejðtÞ � eiðtÞ ¼ xjðtÞ � xiðtÞ, we can obtain

X

N

i¼1

X

N

j¼1

eTi ðtÞcijDgðejðtÞ�eiðtÞÞ

¼1

2

X

N

i¼1

X

N

j¼1

ðeiðtÞ�ejðtÞÞTcijDgðejðtÞ�eiðtÞÞ

¼�1

2

X

N

i¼1

X

N

j¼1

ðeiðtÞ�ejðtÞÞTcijDgðeiðtÞ�ejðtÞÞ

��1

2

X

N

i¼1

X

N

j¼1

�1ðeiðtÞ�ejðtÞÞTcijdminðeiðtÞ�ejðtÞÞ�0:

ð22Þ

The following inequality can be easily gained

�
X

m

s¼1

#sðzðtÞÞ
X

N

i¼1

eTi ðtÞfsi hðeiðtÞÞ

� �
X

m

s¼1

#sðzðtÞÞ
X

N

i¼1

ð1� .Þ fsikeiðtÞk
2:

ð23Þ

With the help of Lemma 1 and Lemma 2, one can derive

that

� n2
X

N

i¼1

eTi ðtÞ tanhðehðeiðtÞÞÞ

� � n2
X

N

i¼1

X

n

j¼1

�

eijðtÞ tanhðeð1� .ÞeijðtÞÞ
	

� n2
� nNi
eð1� .Þ �

X

N

i¼1

X

n

j¼1

jeijðtÞj
	

� �
ffiffiffi

2
p

n2
� 1

2

X

N

i¼1

keiðtÞk2
	
1
2 þ nNin2

eð1� .Þ :

ð24Þ

From 0\‘\1, we know 0\ ‘þ1
2
\1. From Lemma 2, it is

obtained that

� n1
X

N

i¼1

eTi ðtÞdiagðsignðeiðtÞÞÞjhðeiðtÞÞj
‘

� � n1ð1� .Þ‘
X

N

i¼1

jeiðtÞj‘þ1

� � n1ð1� .Þ‘
�

X

N

i¼1

X

n

j¼1

e2ijðtÞ
	
‘þ1
2

¼ �2
‘þ1
2 n1ð1� .Þ‘

� 1

2

X

N

i¼1

keiðtÞk2
	
‘þ1
2 :

ð25Þ

Substituting inequalities (18)–(25) into (17), it is easy to

derive that
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LVðtÞ�
X

m

s¼1

#sðzðtÞÞ
X

N

i¼1

�

kAsk þ L1kBsk þ bðtÞcðtÞkmaxð �CÞ

þ ð1� cðtÞÞL2kmaxð ~CÞ � ð1� .Þfsi
�

keiðtÞk2

� 2
‘þ1
2 n1ð1� .Þ‘ð1

2

X

N

i¼1

keiðtÞk2Þ
‘þ1
2

�
ffiffiffi

2
p

n2ð
1

2

X

N

i¼1

keiðtÞk2Þ
1
2 þ nNin2

eð1� .Þ :

ð26Þ

Furthermore, taking mathematical expectations on both

sides of (26) and considering the condition (13), it

generates

E½LVðtÞ� � E

�

1

2

X

m

s¼1

#sðzðtÞÞ
X

N

i¼1
�

�

2kAsk þ 2L1kBsk þ 2bckmaxð �CÞ þ 2ð1� cÞL2kmaxð ~CÞ

� 2ð1� .Þfsi þ 1
	

keiðtÞk2 � keiðtÞk2
�

� 2
‘þ1
2 n1ð1� .Þ‘ð1

2

X

N

i¼1

keiðtÞk2Þ
‘þ1
2

�
ffiffiffi

2
p

n2ð
1

2

X

N

i¼1

keiðtÞk2Þ
1
2 þ nNin2

eð1� .Þ

�

� � E½VðtÞ� � /2E½VðtÞ�
‘þ1
2 þ /0:

ð27Þ

Case2: when t 2 ½t2kþ1; t2kþ2Þ, k 2 N, we can obtain the

following inequality

E½LVðtÞ��E

�

1

2

X

m

s¼1

#sðzðtÞÞ
X

N

i¼1

�

2kAskþ2L1kBskþ2bckmaxð �CÞ

þ2ð1�cÞL2kmaxð ~CÞ�2ð1�.Þfsi

�/3

�

keiðtÞk2þ/3ð
1

2

X

m

s¼1

#sðzðtÞÞ
X

N

i¼1

keiðtÞk2Þ

�
ffiffiffi

2
p

n2ð
1

2

X

N

i¼1

keiðtÞk2Þ
1
2þ nNin2

eð1�.Þ

�

�/3E½VðtÞ�þ/0:

ð28Þ

Based on the inequalities (27)–(28) and Lemma 3, it

obtains that E½VðtÞ� �
� /0

/2ð1�qÞ
	

2
1þ‘ within the settling time

T1, which is described by equality (15). Furthermore, one

can derive E½keiðtÞk� �
ffiffiffi

2
p

� /0

/2ð1�qÞ
	

1
1þ‘. According to Def-

inition 1, PFET synchronization can be realized. The proof

of Theorem 1 is completed. h

Remark 3 By Assumptions 2, nonlinear relative state

coupling is overcome by means of inequality (22). Note

that there are very few results about PFET synchronization

via semi-intermittent control. The results of Theorem 1

improve some existing results in the sense of application.

Moreover, our model includes linear and nonlinear cou-

plings which are more general than those results that only

linear or nonlinear couplings are considered.

Note that some control parameters are always large in

some applications. Some control parameters of adaptive

control will adjust automatically according to the states of

systems, then it can save control cost to a certain extent.

Considering the advantages of adaptive control, the fol-

lowing controller is designed

Us
i ðtÞ¼

�fsi ðtÞhðeiðtÞÞ�n1diagðsignðeiðtÞÞÞjhðeiðtÞÞj‘

�n2tanhðehðeiðtÞÞÞ; t2½t2k;t2kþ1Þ;

�fsi ðtÞhðeiðtÞÞ�n2tanhðehðeiðtÞÞÞ; t2½t2kþ1;t2kþ2Þ;

:

8

>

>

<

>

>

:

ð29Þ

with adaptive laws

_fsi ðtÞ¼

1�.

ð1þ.Þ2
ai#sðzðtÞÞðhðeiðtÞÞÞThðeiðtÞÞ�giðfsi ðtÞ��fsi Þ

�uisignðfsi ðtÞ��fsi Þjf
s
i ðtÞ��fsi j

‘; t2½t2k;t2kþ1Þ;
1�.

ð1þ.Þ2
ai#sðzðtÞÞðhðeiðtÞÞÞThðeiðtÞÞ�giðfsi ðtÞ��fsi Þ; t2½t2kþ1;t2kþ2Þ;

8

>

>

>

>

>

<

>

>

>

>

>

:

where ai, gi and ui are positive constants, other parameters

are the same as those in controller (12).

Theorem 2 If Assumptions 1 and 2 hold, and under the

adaptive controller (29), there exists constants x 2 ð0; 1Þ,
q 2 ð0; 1Þ, /0 [ 0, �/1 [ 0, �/2 [ 0, �/3 [ 0 and a k 2 N

such that

�!ðkÞ¼
�

�Hðk�1ÞþD�o
	

expð��r1ðt2kþ1�t2kÞÞ�D�o�0; ð30Þ

then there exists T1 such that the systems (1) and (2)

achieve PFET synchronization, where �r1 ¼ ð1� xÞ �/1,

�r3 ¼ ð1� xÞ �/3, �r2 ¼ ð1� xÞ �/2q, �r4 ¼ ð1� xÞ �/2, �o1 ¼
�r2
�r1
, �o2 ¼ �r4

�r3
with D�o ¼ �o1 � �o2 [ 0, �Hðk � 1Þ ¼ ðV1�xð0Þ

þ�o1Þ exp
�

Pk�1
i¼0 ð��r1ðt2iþ1 � t2iÞ þ �r3ðt2iþ2 � t2iþ1ÞÞ

	

,

and �/1 ¼ minf1; 2gmg, �/2 ¼ minf2‘þ1
2 n1ð1� .Þ‘; 1g,

gm ¼ min
i2N

fgig, 1 ¼ min
i2N

f2‘þ1
2 uia

‘�1
2

i g, the values of /0 and x

are the same as in Theorem 1.

Proof Define the following Lyapunov function:

VðtÞ ¼ V1ðtÞ þ V2ðtÞ; ð31Þ

where

V1ðtÞ¼
1

2

X

N

i¼1

eTi ðtÞeiðtÞ;V2ðtÞ¼
X

m

s¼1

X

N

i¼1

1

2ai
ðfsi ðtÞ��fsi Þ

2:

When t2½t2k;t2kþ1Þ, k2N, considering error system (3) and
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controller (29), and according to (18)–(25), it is easy to

derive that

LV1ðtÞ�
X

m

s¼1

#sðzðtÞÞ
X

N

i¼1

�

kAsk þ L1kBsk þ bðtÞcðtÞ

kmaxð �CÞ þ ð1� cðtÞÞL2kmaxð ~CÞ � ð1� .Þfsi ðtÞ
�

keiðtÞk2 � 2
‘þ1
2 n1ð1� .Þ‘ð1

2

X

N

i¼1

keiðtÞk2Þ
‘þ1
2

�
ffiffiffi

2
p

n2
� 1

2

X

N

i¼1

keiðtÞk2
	
1
2 þ nNin2

eð1� .Þ :

ð32Þ

By V2ðtÞ, it can be attained that

LV2ðtÞ ¼
X

m

s¼1

X

N

i¼1

ðfsi ðtÞ

� �fsi Þ
�

#sðzðtÞÞ
1� .

ð1þ .Þ2
ðhðeiðtÞÞÞThðeiðtÞÞ

� gi
ai
ðfsi ðtÞ � �fsi Þ �

ui

ai
signðfsi ðtÞ � �fsi Þjf

s
i ðtÞ � �fsi j

‘

�

�
X

m

s¼1

#sðzðtÞÞ
X

N

i¼1

�

ð1� .Þfsi ðtÞ �
ð1� .Þ3

ð1þ .Þ2
�fsi

�

keiðtÞk2

þ
X

m

s¼1

X

N

i¼1

�

� gi
ai
ðfsi ðtÞ � �fsi Þ

2 � ui

ai
jfsi ðtÞ � �fsi j

‘þ1

�

:

ð33Þ

The following inequalities can be easily got

�
X

m

s¼1

X

N

i¼1

gi
ai
ðfsi ðtÞ��fsi Þ

2¼�2
X

N

i¼1

gi
1

2ai
ðfsi ðtÞ��fsi Þ

2

��2gm
X

m

s¼1

X

N

i¼1

1

2ai
ðfsi ðtÞ��fsi Þ

2:

ð34Þ

�
X

m

s¼1

X

N

i¼1

ui

ai
jfsi ðtÞ��fsi j

‘þ1��
X

m

s¼1

X

N

i¼1

2
‘þ1
2 uia

‘�1
2

i

�

1

2ai
ðfsi ðtÞ��fsi Þ

2

�
‘þ1
2

��1

�

X

m

s¼1

X

N

i¼1

1

2ai
ðfsi ðtÞ��fsi Þ

2

�
‘þ1
2

:

ð35Þ

Substituting (34) and (35) into (33), LV2ðtÞ can be

rewritten as follows:

LV2ðtÞ�
X

m

s¼1

#sðzðtÞÞ
X

N

i¼1

�

ð1�.Þfsi ðtÞ�
ð1�.Þ3

ð1þ.Þ2
�fsi

�

keiðtÞk2

�2gm
X

m

s¼1

X

N

i¼1

1

2ai
ðfsi ðtÞ��fsi Þ

2�1

�

X

m

s¼1

X

N

i¼1

1

2ai
ðfsi ðtÞ��fsi Þ

2

�
‘þ1
2

:

ð36Þ

From (31)–(32) and (36), it derives

E½LVðtÞ��E

�

1

2

X

m

s¼1

#sðzðtÞÞ
X

N

i¼1

�

ð2kAskþ2L1kBskþ2bðtÞcðtÞ

kmaxð �CÞþ2ð1�cðtÞÞL2kmaxð ~CÞ�2
ð1�.Þ3

ð1þ.Þ2
�fsi ÞkeiðtÞk

2

�

�2
‘þ1
2 n1ð1�.Þ‘ð1

2

X

N

i¼1

keiðtÞk2Þ
‘þ1
2

�
ffiffiffi

2
p

n2
�1

2

X

N

i¼1

keiðtÞk2
	
1
2�2gm

X

m

s¼1

X

N

i¼1

1

2ai
ðfsi ðtÞ

��fsi Þ
2þ1

�

X

m

s¼1

X

N

i¼1

1

2ai
ðfsi ðtÞ��fsi Þ

2

�
‘þ1
2

þ nNin2
eð1�.Þ

�

:

Let �fsi¼
ð1þ.Þ2

2ð1�.Þ3ð2kAskþ2L1kBsk þ2bckmaxð �CÞþ2ð1�cÞ

L2kmaxð ~CÞþ1Þ, then

E½LVðtÞ� � � E½V1ðtÞ�

� 2
‘þ1
2 n1ð1� .Þ‘E½V1ðtÞ�

‘þ1
2 � 2gmE½V2ðtÞ�

þ 1E½V2ðtÞ�
‘þ1
2 �

ffiffiffi

2
p

n2E½V1ðtÞ�
1
2 þ /0

� � �/1E½VðtÞ� � �/2E½VðtÞ�
‘þ1
2 þ /0:

ð37Þ

Case2: when t 2 ½t2kþ1; t2kþ2Þ, k 2 N, similarly calculation,

we can obtain the inequality:

E½LVðtÞ� � E

�

1

2

X

m

s¼1

#sðzðtÞÞ
X

N

i¼1

�

ð2kAsk þ 2L1kBsk

þ 2bðtÞcðtÞkmaxð �CÞ þ 2ð1� cðtÞÞL2kmaxð ~CÞ

� 2
ð1� .Þ3

ð1þ .Þ2
�fsi ÞkeiðtÞk

2

�

�
ffiffiffi

2
p

n2
� 1

2

X

N

i¼1

keiðtÞk2
	1
2

� 2gm
X

m

s¼1

X

N

i¼1

1

2ai
ðfsi ðtÞ � �fsi Þ

2 þ nNin2
eð1� .Þ

�

�ð�1� �/3ÞE½V1ðtÞ� þ �/3E½V1ðtÞ� � ð2gm
þ �/3ÞE½V2ðtÞ� þ �/3E½V2ðtÞ� �

ffiffiffi

2
p

n2E½V1ðtÞ�
1
2 þ /0

� �/3E½VðtÞ� þ /0:

ð38Þ
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Based on the inequalities (37)–(38), Lemma 3 and the

identical analysis method with Theorem 1, it obtains that

PFET synchronization can be realized. The proof of The-

orem 2 is completed. h

Remark 4 In controller (12) and (29), �n2 tanhðehðeiðtÞÞÞ
is introduced which plays an important role in PFET syn-

chronization and can be seen in [27]. The roles of

�fsi ðtÞhðeiðtÞÞ and �n1diagðsignðeiðtÞÞÞjhðeiðtÞÞj‘ can be

seen the reference [20]. Theorem 1 can be realized flexibly

while Theorem 2 can improve the efficiency of control

resources by using some adaptive parameters. In practical

applications, one can choose Theorem 1 or Theorem 2

according to the requires.

4 Numerical Example

In this section, consider system (2), where m ¼ 2, then

s ¼ 1; 2, #1ðzðtÞÞ ¼ cos2ðzðtÞÞ; #2ðzðtÞÞ ¼ sin2ðzðtÞÞ and

A1¼
�0:42 �0:29 �0:06

�0:08 0:13 0:3

0:13 �0:31 0:06

0

B

@

1

C

A

;B1¼
0:07 0 0

0 0 0

0 0 0

0

B

@

1

C

A

;

A2¼
�0:23 �0:31 0:07

0:13 �0:07 0:21

0:04 �0:23 �0:13

0

B

@

1

C

A

;B2¼
0:06 0 0

0 0 0

0 0 0

0

B

@

1

C

A

;

and yðtÞ ¼ ðy1ðtÞ; y2ðtÞ; y3ðtÞÞT , for p ¼ 1; 2; 3, fpðypðtÞÞ
¼ 1

2
ðjypðtÞ þ 1j � jypðtÞ � 1jÞ, zðtÞ ¼ ðy1ðtÞ; y1ðtÞ; y1ðtÞÞT .

Figure 1 shows the chaotic trajectory of T-S fuzzy system

with yð0Þ ¼ ð0:64; 0:78; 0:85ÞT .
As for T-S fuzzy system (1), where N ¼ 6, n ¼ 3,

D ¼ diagð½1; 0:1; 1�Þ, and the outer coupling matrix C is

given as

C ¼

�6:2 3 0 0:1 1 2:1

3 � 5:2 1:2 1 0 0

0 1:2 � 6:4 3:2 0 2

0:1 1 3:2 � 6:3 2 0

1 0 0 2 � 5:5 2:5

2:1 0 2 0 2:5 � 6:6

0

B

B

B

B

B

B

B

B

@

1

C

C

C

C

C

C

C

C

A

:

We take the Bernoulli random variables bðtÞ with b ¼ 0:85

and cðtÞ with c ¼ 0:8, then the Bernoulli sequences are

plotted in Fig. 2. For nonlinear relative state coupling, we

select }pðxjpðtÞÞ ¼ 2xjpðtÞ þ sinðxjpðtÞÞ. As for nonlinear

absolute state coupling, we take gpðxjpðtÞ � xipðtÞÞ ¼
ðxjpðtÞ �xipðtÞÞð3� cosðxjpðtÞ � xipðtÞÞÞ. By simple

−2
−1

0
1

2

−4

−2

0

2

4
−4

−2

0

2

4

y
1
(t)y

2
(t)

y 3
(t
)

Fig. 1 Chaotic trajectories of isolated nodes with

yð0Þ ¼ ð0:64; 0:78; 0:85ÞT

Fig. 2 The Bernoulli random variables bðtÞ with b ¼ 0:85 and cðtÞ with c ¼ 0:8
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calculation, Assumptions 1 holds with L1 ¼ 1, L2 ¼ 3 and

Assumptions 2 is satisfied when �1 ¼ 2 and �2 ¼ 4. The

quantizer parameter is given as p ¼ 0:9, and then we obtain

. ¼ 1
9
, if the time sequence ftk; k 2 Ng meets t2kþ1 � t2k ¼

0:08 and t2kþ2 � t2kþ1 ¼ 0:02. The time sequence is pre-

sented in Fig. 3.

Now, we verify Theorem 1. By simply computing, we

can attain f1i ¼ 9:9129 and f2i ¼ 9:7935, i ¼ 1; 2; 3; 4; 5; 6.

Take ‘ ¼ 1
5
, q ¼ 0:9, n1 ¼ 10, n2 ¼ 1, e ¼ 100, and

/3 ¼ 2. Then by calculating, we can obtain the following

parameter values: x ¼ 0:6, r1 ¼ 0:4, r2 ¼ 5:3295,

r3 ¼ 0:8, r4 ¼ 5:9217, /0 ¼ 0:0564, /2 ¼ 14:8043. Fur-

thermore, one obtains !ð289Þ ¼ �0:0014\0,

o1 ¼ 13:3239, o2 ¼ 7:4021, o1 [ o2, Vð0Þ ¼ 93:9696 and

T1 ¼ 28:9794. The trajectories keiðtÞk and khðeiðtÞÞk are

presented in Fig. 4. Through calculation, we can derive

VðtÞ� 0:0043, along with E½keiðtÞk��K ¼ 0:0929. That is

to say, the errors of systems (1) and (2) converge to a small

interval as time goes by, and E½keiðtÞk� progressively sta-

bilizes to an exact range of [0, 0.0929]. Therefore, one can

see that PFET synchronization based on controller (12)

achieved within the settling time from Fig. 4.

Next, in the simulation of Theorem 2, the relevant

parameters of the adaptive laws are selected as ai ¼ 0:4,

gi ¼ 0:8 and ui ¼ 0:8 for i ¼ 1; 2; 3; 4; 5; 6. Let ‘ ¼ 1
5
,

q ¼ 0:9, n1 ¼ 10, n2 ¼ 1, e ¼ 100 and take �/3 ¼ 2, it is

calculated by known conditions that x ¼ 0:6, �r1 ¼ 0:4,

�r2 ¼ 0:6298, �r3 ¼ 0:8, �r4 ¼ 0:6998, /0 ¼ 0:0564, �/1 ¼ 1

and �/2 ¼ 1:7494. Accordingly, �o1 ¼ 1:5744 and �o2 ¼
0:8747 satisfied with �o1 [ �o2 and �!ð445Þ ¼ �0:00029

69\0. In addition, we acquire VðtÞ� 0:1516 by comput-

ing, and verify that E½keiðtÞk� �K ¼ 0:5506 is valid within

a finite time. Ultimately, the trajectories keiðtÞk and

khðeiðtÞÞk are presented in Fig. 5, indicating that the sys-

tem (1) and (2) are synchronized to an interval in a finite

time.

5 Conclusions

Via semi-intermittent control, this paper establishes some

sufficient conditions to realized the PFET synchronization

of T-S fuzzy complex networks with different couplings.

Firstly, Lemma 3 presents a improvement PFET stability

result which is used to guarantee the PFET synchroniza-

tion. Secondly, two kinds of semi-intermittent controllers

are designed, then the proof of PFET synchronization is
Fig. 3 The time sequence ftk; k 2 Ng
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Fig. 4 Trajectories keiðtÞk and khðeiðtÞÞk under the PFET fuzzy controller (12)
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proposed via the designed control schemes. Moreover,

some comparisons are given to present the advantages of

our results. Finally, simulation examples are presented to

confirm the validness of theoretical results. Note that the

relationships of nodes are always assumed to be coopera-

tive in many existing CNs. However, there also exists

competition between the nodes of CNs. Then both com-

petition and cooperation should be considered if the CNs

are considered. The PFET synchronization of T-S fuzzy

CNs with competition and cooperation will be our future

research focus.
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