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Abstract: In this paper, the problem about the exponential synchronization of competitive neural networks with time delay
under intermittent control is discussed. By using Lyapunov function method and differential inequality method, some sufficient
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delay and small time delay, and the corresponding criterion is established. Finally, a numerical example is shown to verify the

correctness and validity of the theoretical result.
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0 Introduction

Competitive neural networks model is an important kind of unsupervised synaptic modification neural network, which
contains two state variables: short-term memory variable (STM) to describe fast neural activities, and long-term memory vari-
able (LTM) to describe slow neural activities. Since Cohen and Grossberg " first proposed the competitive neural networks in
1983, there have been many works about the competitive neural networks, such as competing neural networks with different
time scales >, time-varying distributed competitive neural networks with time delay '®”, unsupervised competitive neural
networks !, competitive neural networks with different time scales and random disturbances ', delay competitive neural
networks with discontinuous activation function "%, competitive neural networks with different time scales and time-varying
delays ',

In addition, synchronization is a typical collective behavior, which is widely used in biological evolution, chemical re-

action, safety communication and so on. Since the pioneering works of Pecora and Carroll ['?

, and the synchronization of
competitive neural networks has attracted more and more attentions. In [4], Lou and Cui studied the exponential synchroniza-
tion of a class of competitive neural networks, and designed some exponential synchronization criteria by using Lyapunov
function, linear matrix inequality method and Newton-Leibniz formula. In [9], an adaptive feedback controller was designed
by Gu to realize the complete synchronization of the coupled time-delay competitive neural networks with different time
scales and random disturbances. By using the LaSalle invariance principle of stochastic differential delay equations, the glob-
ally certain asymptotic stability of error dynamic systems was studied. In [11], Gan studied the synchronization of a class of
competitive neural networks with different time scales and time-varying delays. He proposed a new delay partition method
and derived a delay correlation condition to ensure the synchronization of response system and drive system. By solving
LMI, the design of gain matrix of linear feedback controller can be realized. In [13], Zhang et al studied the synchronization
problem of dynamic networks under hybrid impulse and switch control. The results show that collective synchronous motion
appeared in many large-scale dynamical networks. Based on the concept of impulse control and the stability theory of the

impulse system, a new criterion of impulse synchronization for the model was established.
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In recent years, discontinuous feedback control strategies such as intermittent control have been widely used in traffic

systems, communication and other fileds "',

Therefore, it is necessary to study the intermittent control methods. For
example, in [17], periodic intermittent nonlinear feedback control method is used to synchronize a class of nonlinear chaotic
systems with time delay. Based on Lyapunov functional theory and Halaner inequality, some synchronization criteria were
derived and sufficient conditions were obtained to guarantee delay-free synchronization of nonlinear systems. In [18], the
problem of exponential stability for a class of nonlinear systems was studied by means of periodic intermittent control. In
this paper, Li et al. gave a set of exponential stability criteria for linear matrix inequalities, and a simple sufficient condition
determined by three scalar inequalities. On the premise that the control period and control width were fixed and known,
a suboptimal intermittent controller was designed for the general cost function and the theoretical results were verified by
numerical simulation. In [19], the exponential stability of delayed chaotic neural network was studied by using periodic
intermittent control method. Using Lyapunov function and Halaner inequality, the authors established the exponential stability
criterion and its simplified form of the controlled neural networks. The feasible region of control parameters was estimated
strictly. The theoretical results and numerical simulation show that the continuous time DCNN could be stabilized by using
the non-zero duration intermittent feedback control.

Based on the above discussion, we consider the competitive neural networks model with time-varying delay. By using
Lyapunov function method and differential inequality analysis method, the global exponential synchronization conditions of
competitive neural networks with time delay are discussed, and the corresponding criteria are established. At the same time,
we studied the exponential synchronization problems of competitive neural networks with both large and small time delays
and intermittent control, and some sufficient conditions are established. Finally, a numerical example is shown to verify the

correctness and validity of the theoretical result.

1 Model building and preliminaries

Consider the following competitive neural networks with time delay

STM: e51) = —ax(i) + kz d fo (D) + kﬁ d f(x(t—1) + b, z -

LTM : 1 (1) = —c;my (1) + o, fi(x:i(D)),

e))

where N is the number of junction neurons in STM state, P is the number of neurons stimulated by external stimulation, x;
indicates the current activation level of neurons, f(-) represents the neuron output function, m1;;(¢) is recorded as a valid join,
o ; is recorded as external stimulus weight, a; > 0 is called the neuron activation constant, ¢; > 0 is any constant, d; represents
the connection weight between the i-th and k-th neurons, b, represents the degree of external stimulation, & > 0 represents the
time scale in the STM state, 7 is a delay constant: d}, represents the connection weight of the delay feedback between the i-th

and k-th neurons.
Let 5;(f) = im,,-(t)o-,- =m;(t)o, where o = (0,03, ,0p)", mi(t) = (M (t),mp (1), -+, mp(r))7, then the system (1) can

=

be represented as follows

STM: eit) = —ax(1) + kz difu(a(D) + kz & fi (it =)+ bysi(0),
LTM : §,(t)=—cis5:(t) + |0'|2f,v(x[(t)),

(@)

where |0 = 03 + 0% +--- + 0% is a constant, without loss of generality, let |o|*> = 1, and when ¢ € R* = [0,+00), let x(¢) =
(-xl(t)s-XZ(t)’ e 7xN(t))T’ S(t) = (sl(t)9 SZ(I)" ) SN(t))T’ A = diag(al9a29 e ’aN)s D = (dik)NXN’ DT = (d;{)NXNs B = diag(bl,bZ" Tt
by),C =diag(cy, 2, +, cn), f(x(1)) = (fi(xi(1)), fo(x2(0)), -+, fvCen ()T, f (x(t=7)) = (f1 (1 (1=7)), fo(x2(t=7)), -+, fn(xn (t=7))).

So the matrix form of system (2) is

{ STM : £x(t) = —Ax(t) + Df(x(1)) + D, f (x(t — 7)) + BS (1), 3

LTM:S(t)=-CS(t)+ f(x(2)).
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Therefore, the system is described as follows

STM : e9(t) = —Ay(t) + Df(y(£)) + D, f(y(t — 7)) + BR(t) + u; (¢), .
LTM:R(0) = ~CRW0)+ (1) + 100,
where y(£) = (y1(£),y2(2), -+ , yn(D)T, R(®) = (r1(£), 1, (©), -+ , rn(®))T, u;(£)(i = 1,2) is an intermittent controller
l/tl(t):{ —Qe(t), nT <t<nT+9, )
0, nT+5<t<n+DT,
U5 (F) = { —-Q,z(1), nT <t<nT+6, .

Q; € RM™N (i=1,2) is the gain matrix of feedback control. Let e(t) = y(r)—x(¢),z(t) = R(t)— S (1), then the error dynamic system
can be written as
{ STM :egeé(t)=—Ae(t)+ Dg(e(t))+ D.g(e(t—1)) + Bz(t) + u, (t), )

LT M : 3(f) = —Cz(f) + g(e()) + u (1),

where g(e(?)) = f(y(D) — f(x(1)), g(e(t—1)) = fF(y(t=7)) = f(x(t=7)).

Assuming 1 There is a symmetric positive definite matrix L = (;;),.x, for any x, y € R", we have || f(x)— f(WIl < L|lx—yll.

Assuming 2 Time-lag 7 < T, where 7 is a constant, T is a cycle.

Lemma 1"® For any real matrix with proper dimension X,,%,,%;, if given 0 < %; = 21 and any real number & > 0, then
ST%, +31%, <eXI5,3, +& ' X1E;'S, holds.

Lemma 2! If P € R™" is a positive definite matrix, Q is a symmetric matrix, then we have A,,;,(P"'Q)X"PX < X" QX <
Lo (P O)XTPX, X €R".

Lemma 3! Let ¢ is a nonnegative function in interval [z, — 7,+00), and it is continuous in the subinterval [#,, +co).
When ¢ > 1y, ¢" < a@(t)+B¢(t—7) holds. If @ > 0, 8> 0, then, when ¢ > #,, we have ¢(1) < ¢, """, where ¢,, = sup, _.,., ¥(0),
and 1 > 0 is the unique solution of the equation @ +Be™" =1.

Lemma 4(Halanay inequality)'" Let ¢ : [f, —7) — [0,+0c0) is a continuous function, when ¢ > t,, such that ¢’ <
—ap(t) +By,. If @ >0,B8> 0, then, when 7 > £,, we have ¢(r) < ¢, e, where ¢, = sup,_,_,_,¢(6), and y > 0 is the unique
solution of the equation @ —y —Be”” = 0.

Lemma 5 Suppose the function y(¢) is continuous and nonnegative in ¢ € [—7, +00). If there are constants vy, ¥,, ¥3, V4

the following conditions are met

{ J(O) <=y YO+ vyt =7), t€[nT,nT +5), )

YOSy +yay(t=7),  t€[nT+6,(n+1)T),
andy, >y>0, 1=y,+y;>0, p=2-7(1 - %) > 0, then y(r) < sup y(s)exp{—pt}, where 0 <6 < T, ¥ = max{y,,y,}, A* is the
—7<s<0
solution of the equation A* —y, +yexp{A*t} =0.
Proof Suppose W (t) = y(t)exp{A*t}, t = 0; M, = sup y(s), where A" is the solution of the equation A*—y,+yexp{1*t} = 0.
—7<s<0

By lemma 4, we obtain ‘W(r) < M,. So, for any ¢ € [0,5), we have ‘W(r) < hM,, where constant & > 1. Then, we need to
prove for any 7 € [6,T), the formula W(r) < hM,exp{fj(t—96)} holds, i.e.,

H(t) = W(1) - hM,expli(t—96)} < 0. )
Otherwise, there exists p, € (6, T), such that

H(po) =0, H(po)=0, H(1)<0, 1€(5,py). (10)



516 Journal of Xinjiang University (Natural Science Edition in Chinese and English) 2021

For 7 > 0, if § < py—7(py) < po, then W(p, —1(py)) < hM,exp{i(po —6)}. In addition, if —7 < p,—7(py) < 8, we have
W(py—1(po)) < hMy < hMyexp{ii(po —6)}. Therefore, for any 7, we have W (p,—1(p,)) < hM,exp{i(p,—5)}. Hence,

H(po) = 1 W(po) +exp{d’ poly(po) — th Mo exp{ii(p, — 6)}
= (A" +y3)W(po) +¥sexpld Ty W (po — ) — 1h Mo explii(po — 6)}
< (A" +y3 +ysexp{A T} =iDhMoexp{i(po — 0)}
< (X =y, +yexp{d THAMoexplii(po—6)} =0 (11)

This contradicts with the inequality (10). So, the inequality (9) holds, i.e., for any 7€ [6,T),
W) < hMyexp{i(t—06)} < hMyexp{ii(T —6)}. (12)

Then, for any t € [-7,T), we have W(t) < hMyexp{i(T —9)}.
Next, we prove for any € [T, T + ), we have

W(r) < hMyexp{ii(T —6)). (13)
Otherwise, there exists p, € [T, T +0), such that
H(p))=0, H(p))=0, H@) <0, te(t,p) (14)
where H (1) = W(t) — hMyexp{ii(T - 6)}. So

H(p1) =X W(p)+expldp)i(py)
=" =y)W(p)+y.exp{dt(p)}W(p, — 1)
<" =y, +y,exp{U' THh Mo explii(T —6)}
<A =y, +yexplU tHhMyexp{i(T —6)} = 0. (15)

This contradicts with the inequality (14). Hence, (13) holds.
For t € [T +6,2T), by the similar method, we get

W) <hMyexp{fl(T —-8)+ (@ — (T +)]1}.
Repeating the above process, for any #, <7< s;, we have
W(t) < hMyexp k(T —6)}. (16)
In addition, for kT +6 <t < (k+1)T, then
W) <hMyexp{i[k(T -6)+ (@ —kT +5)]}. a7

For any ¢ > 0, there exists a positive integer &, such that k7 <t < (k+1)T. So, for any ¢, we have the following estimations for
W(t). When kT <t <kT +9,

W) < hM,exp{ik(T - 6))
=hM,exp {nk— T}

= hMyexp (1 ——) }

-}
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When kT +6 <t<(k+1)T, we have

W(t) < hMyexp {flk(T — 6)+(t kT -6)1}
:hMoexp{ [k - ttkT 0 (—kT)]}
ShMoexp{ [k(l——)kT+— = kT)]}
ShMoexp{ (1——)[kT+(t kT)]}

—hMoexp{ (1—£)}

Let 4 — 1, by the definition of “W(¢), we have y(f) < Myexp{—(1*—7(1 - %))t} = Myexp{—pt}, t>0.

Remark 1 In lemma 5, we only demand 7 < 7. There is no limit to the size relationship between ¢ and 7, i.e., lemma 5

holds for T <6 and 7> 6.

2 Synchronization criterion of competitive neural networks under intermittent

control

In this section, the strict derivation of the synchronization criterion for system (3) and system (4) is given based on

differential inequality and intermittent control strategy.

Theorem 1 Under assumings 1, 2, the system (3) and system (4) synchronize with intermittent control protocol, if there

exists positive numbers «;, as, &, u;(i=1,---,4) and positive definite matrices Q,, Q, meeting the following conditions
(D)-2A-20,+&'D"D+e,L* +&,'D' D, + &5 L* + &'  + ea,1 <0,

(2)-2C-20,+&'e]' [+&'e,B"B+a,1 <0,
(B)2A+u;'D"D+u, L +15' D' D, + gus L + ;' I — ea, 1 <0,
D-2C+e 'y 1+ B"B—a,1 <0,
G)OIf0<t<d<T,y6—1)—n(T-6+71)>0,

(i) If0<6<7<T,a;>720,j=a1+@>0,p=2"-7(1-£)>0,
where B; = £7'g, A (L), B2 = & ' o Amax(L?), ¥ and 7 are the solutions of equations a; —

respectively, ¥ = max{g,,5,}, A" are the solutions of equation A* —a, +yexp{d't} =

Proof Constructing Lyapunov function:

V() =e" (De(?) + 7" (H)z(?).

When t € [-71,0], let V., = sup V(k), and when ¢ =0, we have V,, < V.. Then the derivative of V() about ¢ is as follows :

—7<k<0

(1) In the control interval, i.e., t € (nT,nT + 6], from lemma 1 and lemma 2, we can infer

V(1) =2e" (e(r) + 27" (1)2(1)

= éZeT(t)(—Ae(t) +Dg(e(t)) + D.g(e(t—1)) + Bz(t) = Q1e(1) +22" (1)(=Cz(1) +g(e(t))) — 022(1))
< éeT(t)(—zA ~20,+&'D'D+&,L* +&,' DI D, +e;1* +&; ' e(?)

+77(1)(-2C =20, +&7'&;' [+ &,B" B)z(t) + £ ' 55" (1 — 1) LPe(t—7)
<-a, VO +6V(t-1)+ éeT(t)(—2A -20,+¢&'D"'D+¢,l* +&,'DI'D,

+eg, L7 +8;11+£0111)e(t) +77()(=2C =20, +£‘ls;11 +&'e,B"B+a,Dz(t)

<-a, VO +6,V(t-1),

where ) = &7 €, Ay (L?).

(2) In the non-controlling interval, i.e., t € (nT +9,(n+ 1)T], we have

=0and @, + ¢ =17



518 Journal of Xinjiang University (Natural Science Edition in Chinese and English) 2021

V(©) =2e" (He(r) + 277 ()z(F)
=2¢ (1)(—Ae(t) + Dg(e(1)) + D-g(e(t = 1)) + Bz(1) + 22" (1)(=Cz(1) + g(e(1))))
< éeT(t)(—ZA +4;' D" D+py L + 15 DI D, + e, L + 415 De(t)
+7 ()(=2C + &1 [+ &7 wy BT B)z(t) + £ ' pae” (t—7)LPe(t —7)
< éan(t) +B,V(t—1)+e" (t)(=2A+u;' D" D+, L* +1;' DI D)
+eps L + ;' [ —eayDe(t) + 7" ((=2C + &' 15 1+ &'y B B— i, (1)
< VO+BV(E-1),

where 8, = £t Ao (L?). Hence, from (1) and (2) we obtain

V()< —a, V() +B,V(t—1), nT <t<nT +6. (18)
Vi) <au VO +B8,V(t-1), nT+6<t<(n+DT.
By lemma 3 and lemma 4, it is not difficult to find out that for any positive integer n
V() < V,pe 7D, nT <t<nT +6, (19)
V(@) S Vg™ pT+6<t<(m+ DT,

where vy and 7 are the solutions of equations a;—y—8,¢"" =0 and a,+5,€" = i respectively. Obviously, V(#)is an non-increasing

function in f € (nT <t <nT +4] , but it is non-decreasing functioninr € (nT +5 <t < (n+DT]. V,r = sup V(¢)attr=nT
nT—-t<t<nT
and V,r,s= sup  V(¢) att=nT +6. Since there is no special limit on the scale size of delay 7, it is possible that n7T —7
nT+6-1<t<nT+6

belongs to interval ((n—1)T,(n—1)T + 6], or to interval ((n—1)T +6,nT]. Similarly, it is also possible that nT + ¢ — 7 belongs
to interval (n—1)T +6,nT] or (nT,nT +6]. Therefore, the following proof process needs to be divided into two cases:

Case 1: When 6 —7 >0, we need to prove

V(t) < VTe7[7r7n7(T76+T)7n(T76+T)]’ te (}’lT, nT + 6],
V(t) < VTe—((VH1)[7(6—1)—71(T—6+T)]—r/[t—(n+l)TH , te (nT + 5, (n + l)T]’
VnT S Vre—n[y(é—‘r)—q(T—6+‘r)] , (20)
Viges < Ve l0rDyo-n-m(T=6)]
From assuming 2, there exists V, > V.
The following is proved by mathematical induction.
(i) When [=0, i.e., when € [0, T], by (18), we have
Vi) Ve <Ve™, 0<t<6, 21
V(t) < Vyet=9+0, 6<t<T.

By the above inequality, Vs = sup V() < V(6—71) < V.e?* ™, then t € [5,T], V(t) < V,e C0=T-3+)l=n=D)} - Therefore we

6—-T<I<0
have
V()< V.e™, 0<r<é,
(22)
V(1) < Ve re-n-nT=0+0l-ne-1)) 5<t<T.
(i1) Suppose that when [ =n— 1, the following inequalities hold
V() < Ve == y@=otn-=hT=0+01 = e (n—1)T,(n— 1T +6],
Vit < Ve O =ovnlmlt=nTl} | te((n—1)T +6,nT],
(0 ((n=1) 1 23)

—(n—-1 —17)=1(T—
V(n—l)T < V,e (n=D)[y(6-71)-n( 6+T)1’

V(n—I)T-HS < Vreflny(rif‘r)f(nfl)7](T7r5+‘r)]'

By deduction, when / =, (23) holds.
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When I=n, te (nT,(n+1)T], by (18), we have

(24)

V() < V,pe 7D, nT <t<nT +96,
V() < V,popeT450 pT45<t<(n+ DT.

As long as the expressions V,; and V, s are derived, the above inequality can be obtained. From lemma 4, we obtain
Vir= sup V(r)=max({ sup V), sup V(@®}=max{V(nT —71),V(nT)}.
nT—t<t<nT nT-1<t<(n-1)T+6 (n—1)T+6<1<nT

because (n—1)T < nT—7 < (n—1)T+6, and by (24) we have V,; < V, e 00=10T=0+01 Tp addition, V,r.s=  sup V() <

nT+0-71<t<nT+6

V(nT +6—1). By (23) we have V.5 < V72770 <V g [ Dy@n-mT=o+0]
From the above analysis process, the following results are obtained. For any 7 > 0, there exists n, € Z*, let % <np <4,
tenyT,nyT +6) in Case 1, i.e., 6 —7 >0, we have
V(t) < V ef[ynoT7n07(T76+T)7n07](T75+T)]
=V

<V e*[%ny%7(T76+T)7%1](T75+‘r)]
=V

L )=
=V.e [ r+m(©&-1)-nt 751’ (25)

and
[/([) < ‘/ e [(no+1)y(6—1)—n(T-6+7)]
> Ve

< VTe—[%(V(J—T)—ri(T—&T)l ) (26)

1=

Based on (25) and (26), it can be concluded that V(7) < V,e T 170+ So_ for t> 0, |le” (De()+z7 ()z@D)|| < lle” (eI +
llZ7 (Dz(1)|]? < Ve tr0@0-0-1T=5+0] - According to the condition (5)(i), we have lim |le(r)]| =0, lim |jz(r)|| = 0. Hence the error
system is globally exponentially stable. o o

Case 2: When 0 < 6 < 7 < T, according to the condition (5)(ii), we can get directly from lemma 5 V(7) < V.e™".
Therefore, lim |le(?)|| =0, lim [|z(H)]|=0

Remat;l;mZ In [17], ttl;wauthors only considered the case of 7 < d(small delay), and gave some intermittent control
synchronization criteria. In the process of proving the theorem 1, according to the relationship between 7 and ¢, we mainly
divide it into two parts to prove the conclusion of the theorem. For the case of 7 < d(small delay), we use lemma 3 and 4 to
get the condition of synchronization. In the case of 7> ¢, we can not get the relevant conclusion directly from lemma 3 and
4. Therefore, lemma 5 is given. According to lemma 5, we can directly obtain the criterion of synchronization. Obviously,
the conclusion is more general than that in [17].

Remark 3 In this paper, we choose the controllers u,(f) and u,(¢) as linear batch controllers. In fact, there are similar

results for nonlinear batch controllers. For example, we select

o -0(e(1)), te(nT,nT +6],
u, =
0, te(mT +6,(n+1DT],

-0(z(1), tenT,nT+6],
u (1) = {
0, te(mT +6,(n+ DT

And we only need to assume that the continuous function Q(-) satisfies the following condition
e'(NQ(e(n) < e’ (NQye(t), ' Q1)) <z (1)Qaz(1).

In particular, if there is no delay in the neuron transfer function of the model (3), then the model (3) degenerates to the
following form
{ STM :ex(t)=—-Ax(t)+ Df(x(1))+ BS (1), 27

LTM:S(t)=-CS (1) + f(x(t)).
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Therefore, the system is described as follows
STM : ey(t) =—Ay(t)+ Df(y(t))+ BR(t) +u, (1), 28)
LTM :R(t) = —CR(®) + f(1)) + u>(2),
Where, u;(¢), i = 1,2 is an intermittent controller
—Qe(t), nT <t<nT+9,
win=| ~20 29)
0, nT+6<t<(n+1)T,
—Q,z(t), nT <t<nT+9,
uy(t) = (30)
0, nT+6<t<(n+1T,

Q; € RM™N i=1,2 is the gain matrix of feedback control. Let e(r) = y(r) — x(¢), z(t) = R(t) — S (¢) then the error dynamic system

can be written as STM :eé(t) =—Ae(t)+ Dg(e(t)) + Bz(t) + u (1),
LTM : 3(t) = —Cz(t) + g(e(t)) + uy (),

where g(e(1)) = f(y(1)) - f(x(2)).

€29

Corollary 1 Under assumption 1, the system (27) and (28) are synchronized with the intermittent control protocol, if

there exists positive numbers «;, @», &;, (;(i=1,2,3) and positive definite matrices Q;, Q, meeting the following conditions

(D)-2A-2Q,+&'D"D+&,L* +ee,L> +&7' [ + e, 1 <0,
(2)-2C-20,+&'&;' [+&7'&;B"B+a,1 <0,
(B)2A+u;' D" D+ L + gpo L + 15 I — e, [ <0,
AD-2C+e&"'w' 1+ 13 B"B— a1 <0,

S)a16—ay(T -0)>0.

Proof Constructing Lyapunov function V(z) = e” (f)e(t) +z” (t)z(t), when t € [nT,nT +6), by the derivative of V(r), we get

V() =2e" (De@) + 277 (1)z(r)

2
= ;eT(I)(—Ae(I) +Dg(e(t) + Bz(1) = Qre(1) +22" ()(=Cz(t) + g(e(1))) — Qx2(1))

< éer(t)(—ZA -20,+ 8,’1DTD +e L*+ee, [P+ sgll)e(t)
+7'(1)(-2C =20, +& ' &' [ +&B" B)z(t) + & ' &re” (t—1)LPe(t—7)
<-a,V(t)+ éeT(t)(—ZA -20,+&'D"D+e, L’ +es, L’ +&;'1
+eaDe(t)+7" ()(-2C-2Q,+&'&,' I + &' &3B" B+a, 1)z(¢)
<—a, V().
Hence, V(1) < V(nT)e ™D When t € [nT +6,(n+1)T), we have
V() =2e" (He(r) + 277 (1)z(1)
=2¢" (1)(—Ae(t) + Dg(e(t) + Bz(1)) + 22" (1)(=Cz(1) + g(e(1))))

1
< —e"(O)(=2A+u;' D" D+, L + +ep, L + ;' De(t) +z" (6)(=2C +& ' ;' [+ &' us B" B)z(1)
E

<o V(@t)+e" (O)(-2A+u;' D" D+, L + ey L + 15 1 — ey De(t) + 2 ()(=2C + &' 13 [ + &' i3 B B— i, z(2)

then

V(t) < V(nT +6)602(17(11T+5)) < V(nT)efoz](Haz([f(nTﬂf)).

So V((n+1)T) < V(nT)e % T=9 For Vt € [nT,nT +6), by the mathematical induction, we can obtain obviously
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V(t) S V(to)efn[a]b'fnz(Tfﬁ)efa](tfnT) < ‘/(to)ef(alr)\f(‘zz(be'))"TT(S .

For Vte [nT +6,(n+1)T), ) )
V() < V(1) o @8- T-NGF | —~(@15-ax(T-0) _ V(t,) o~ (@15 T-(F+1)

By the condition (5) of inference 1, we have lim V(¢) =0, and then

t—+o0
lim [le(ol} =0, lim |12 = 0.

Remark 4 In this section, we require 0 < 6 < T. In particular, when ¢ = ¢, the controllers (5) and (6) degenerate into

general continuous control, i.e.,
ui () =—-0e(®), ux(t)=-0,2(2). (32)

Corollary 2 Under assumings 1, 2, the system (3) and system (4) are synchronized with the controller (32), if there
exist positive numbers a,&;(i=1,--- ,4) and positive definite matrices Q,, @, meeting the following conditions

(D)-2A-20,+&'D"'D+&,L*+&,' DI D, +ee;L* + &'  +ea, 1 <0,

(2)-2C-20,+&'e;' [+&'e,B"B+a,1 <0.

3 Numerical example and simulation
Consider a numerical example of 2—D competitive neural networks with variable time delay

{ STM : £x(t) = —Ax(t) + Df(x(t)) + D, f(t— 7)) + BS (£), 33

LTM :S(f)=-CS )+ f(x(2)),
where x(f) = (x,(£), x,(£))", S (£) = (5,(8), 5,(£))", f(x) = (0.6tanh(x,)+0.4sin(x,), 0.6 tanh(x,) + 0.4 sin(x,))", 7= 0.4, C = 0.81,

B=031,e=0.4,
15 0 1 -1.8 ~145 -0.05
A= , D= , D= .
0 22 1 25 ~0.28 0.05

The initial conditions of this dynamic behavior system are x(0) = (2,0.4)", S (0) = (—0.5,0.8)", and the operation results are
shown in Fig 1, Fig 2.

0.8

0.8 0.7h

0.6 06r
051
0.4r
0.3r
0.2F
01r

of

-04 . . . . . 01 . . . . . . .
=0 - 05 05 1 15 2 “06 05 -04 03 02 01 0 01 02

: . LS
Fig 1 the phase diagram of x(r) Fig 2 the phase diagram of S (¢)

Consider the synchronization between the main system (33) and the slave systems (34)
STM :ey(1) = -Ay()+ Df(y(1) + D f((t = 7)) + BR(1) + u (1),
{ LTM : R(t) = —CR(t) + f(y(1)) + up(2),
where y(1) = (y,(2),y.(1))", R(t) = (r1(¢), r,(¢))". The state with initial conditions y(0) = (—1.6,0.6)", R(0) = (0.2,0.56)", x;(¢),

yi(1), s;(t) and r;(£)(i = 1,2) have no control, as shown in Fig 3~Fig 6. Obviously, the trajectory of master-slave system is not

(34)

synchronous without control.

According to the analysis of theorem 1, the main system (33) and the slave system (34) tend to be synchronized under
appropriate conditions after periodic intermittence control (5) and (6) are added to the system. For convenience, we choose
0,=351,0 =3lLe=u=2,6=uw=1,e=u=0.5, g, = uy =0.25. By simple calculation, it is found that the conditions
(1)~(4) of theorem 1 hold. As long as we choose 6 =2, T = 3, the condition (5)(i) of theorem 1 holds. So, in this example,
where 6 =2, T = 3, under the periodic intermittent control (5) and (6), track patterns of x;(¢), y(¢), s:(t), and r;,(t)(i = 1,2) are

shown in Fig 7~Fig 10. Obviously, the master-slave system tends to be synchronized.
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Fig 9 the states of s,() and r((¢)

4 Conclution
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Fig 6 the states of s,(¢) and r,(¢)

—X,

t
Fig 8 the states of x,(f) and y,(¢)
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Fig 10 the states lof $2(2) and ry(¢)

10

This paper considers a competitive neural networks model with time-varying delay based on the neural networks with

time-varying delay in which the intermittent feedback control with non-zero duration can be stabilized to continuous time. By

using the method of differential inequality analysis and Lyapunov function, the global exponential synchronization conditions

of competitive neural networks with time delay are discussed, and the corresponding criteria are established. At the same

time, the exponential synchronization problems of competitive neural networks with time-varying delays and intermittent

control are studied, and which satisfied both large and small delays. Some sufficient conditions are established. Finally, a

simulation example is shown to verify the correctness and validity of the theoretical results.
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524 HEXFFIR (BARZER (FFED 20214

PRECTIE, THE T BAT I A4 58 S 22 R0 28 (4 2 Jm i B R A0 25 08, DR T AR AR, R, domkse 1 RE
{6 A AT L2 T A2 /NS 7 4 s 28 s R ) B2 ) ) 5 P o 22 ) 45 O 18 R ) A0 (RD R, sy 1 — 2858 PR 2R F.
i, il PFESLGIERIE T RT R 5 SR E R R S

1 HEBEIT R &R
AT FAT IR 1 3 b 2 R

(1)

STM :ex;(t) = —a;x;(t) +é:l dir fr(z(t)) + é:l di fu(ze(t—7)) +b; émii(t)aﬂ"
LTM :1i,(t) = —cimy; (t) + o fi(wa(t)),

Hrp: PRAZBNIMERE A2 TT B, NASTMARE T BRI 2 T0 L, o, 3R M40 Y BT g s /K,
fi(FR ok b REL my, (I AERIREE, a; > O ITTETE &8 o 10 MINBRIEAE, b ACFRIMT
TR, ¢, > OREREH AL, dRRE TR ML T2 MM BEAGE, 47, (AR NPT BB
it R B, MBS L, e > 0 R STMARA T (AR ] RUEE.

Lsi(t) = ZP: mi;(t)o; =m;(t)o, Hel: o= (01,00, ,0p)", ma(t) = (ma (t),ma(t),--- ;mip ()", MARZE(L) AT

e i .
{ STM :ex;(t) = _aixi(t)+k2::1dikfk(xk(t))+k2::1d;—k’fk(xk(t_7-))+bisi(t)’
LTM :5,(t) = —c;8:(t) + || fi(zi(t)),

Hrp: o2 = o + ol + - + o2 H—HE, AR, AYiLlol? =1, HIEt € RY = [0,400)lf, 2a(t)
(z1(t),22(t), -, xn(t)T, S(t) = (s1(¢),82(t),--,sn ()T, A= diag(a,as, - ,an), D= (dix)nxn, Dr = (dl)nxn
B = diag(by,bs, - ,by), C = diag(ci, ez, ,en), f(2(t) = (fi(zi(t), fal@z(t), -, fn(an (), fla(t—71)) =
(i@ (t=7)), fo(@a(—7)),- - [n(an(t—T)))".

TRIARG (2) 5 BSERIE N

STM :ei(t)=—Ax(t)+Df(z(t))+ D, f(x(t—7))+BS(t), 3)
LTM :S(t)=—CS(t)+ f(x(t)).
i, NRGHRIT
STM :e(t) =—Ay(t)+ D f(y(t)) + D- f(y(t — 7))+ BR(t) +us (), @
LTM : R(t) = —CR(t) + f(y(t)) + ua(t),
Hor: y(t) = (1 (1), 92(1), - s yn ()7 R(E) = (r(8),72(8), -+ (8) 7 wa () (i = 1,2) A Tl Al
ul(t):{ ;Qle(t), n§§t<nT—i—(5, 5)
: nT+6<t<(n+1)T,
uz(t)z{ ;sz(t), n§§t<nT—|—5, (©)
, nT+i<t<(n+1)T,
Qi € RN (i =1,2) W RABHEHIE AR . e(t) =y(t) —x(t), 2(t) = R(t) - S(t), WirZEH I RGEATE Ny
{ STM :eé(t) = —Ae(t)+ Dg(e(t)) + D, g(e(t— 7))+ Bz(t) +us (), -
LTM :2(t) = —Cz(t)+g(e(t)) +ua(t),

Hrb: g(e(t) = f(y(®) = f(2(t)), gle(t—7)) = f(y(t—7)) = fx(t—7)).
Rl AAAE—XFRIEEREL = (U)o, MHEE 2,y € R, A f(2) — f(y)ll < Lllz —yll.
BRig2 Wi < T, Kb EE TR
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SIFR10S XML EHATH YL SRS, , 5y, By, BHATE0 < By = BT ST > 0, MA%ADT S, 4275,
<eXTE Y, +e 0TS S, AT

513208 # P e R g —IFE M, Q& —WFREE, WA X (P1Q)XTPX < XTQX < Mux (P1Q)XTPX
o, Hhx e R

SIFE307T A fe X [ [t — 7, +-00) W AYAR 7 BB, FLIETIX 8] [to, +oo) INHELE. Bt > toife’ < ap(t)+Bp(t—T).
#a>0, 60,12 tof, He(t) < Pro enlt=torm, ’H‘:qjgpto =SUPy,—r<o<t, ©0(0), Hn >0 fEa+ pe 1" = niME—fi#.

5138 4(Halanay A 530) 19 %o [to —7) — [0, +oo) R— LR, it > tolf, £y < —ap(t) + i #a>0,
B>0, M4, t> 1o I, Fp(t) < prpe 10, Hothig, =sup, o 0(0), Hy > 005 FEa— vy — Ber™ = 0 —fi.

R TG T (RN IX 3 R/INEHD) 2538, A48 e an R 5 | 2.

5135 R MEEy () TEt € [—7,+00) FRIELIYAE T PREL WRAFLER Ry, Yo, vs, vl LAUT & 4F

{ () < —myt)+yyt—1), te[nT,nT+56),
Y(t) Svay(t) +vaylt—7),  t€T+6,(n+1)T),

Hyi>3>0, f=v+7%>0, p=XA"—q(1—2) >0, My(t) < sgp<0y(s) exp{—pt}, HH0 <6< T, 7 =max{y,, 7},
Nt BTN — v, +Fexp{ At} = O o

MERR () = y(t) exp{\*t}(t >0), M, = squy(s), FEP BTN — 0 4+ yexp{A T} = OFUfE. FH5 |34,

A TFEIW (L) < Mo. BRI, X FAERERIE € [0,6), BATHW(1) < hMo, Horiihitn > 1. TRFA 1H ZFWIX TAE
Bt [6,T), AW(t) < hMoexp{7(t—8)}ar. BP

(®)

H(t) =W(t) — hMgexp{i(t—35)} <O0. (9)
BN, F7-1Ep, € (6, T) 15
H(po) =0, H(po) >0, H(t)<0, te(d,po) (10)
XFFr > 0, ks <po—T(po) < Po, m\'JW(Po —7(po)) < hMgexp{n(po—9)}. Jﬂjﬁly MR- < Po—T(po) <9, AT
ﬁVV(PO —T7(po)) < hMo < hMgexp{n(po—0)}. I, Xﬂf%ﬁ\ﬂ ﬁVV(PO —7(po)) < hMoexp{n(po—9)}. 54
H(po) = A"W(po) +exp{A"po}(po) — iTh-Mo exp{ij(po — 6)}
= (A" +73)W(po) +v1exp{ A" T}W(po — ) — fhMo exp{n(p, — )}
< (A" +ys+yaexp{ AT} —0)hMoexp{i(po —0)}

< (A" =m+yexp{A"T}H) Mg exp{ii(po — )} =0. (11)
XA (10) P JE. I, AFE(9) L, WtRXIMERERL € [6,T),
W(t) < hMoexp{n(t—0)} < hMgexp{7(T —d)}. (12)

MXHER R € [-7,T), AW(t) < hMgexp{ii(T —9)}.
T UEX FER Wt € [T, T +6), B
W(t) < hMoexp{n(T —6)}. (13)
BN, FEE—"p, € [T,T+96), 15
H(p1) =0, Hipy) =0, H(t) <0, t€ (tr,py). (14)
Hor: H(E) =W(t) — hMoexp{i(T —6)}. #
H(py) = X W(p1) +expiApi 1 (p1)
= (A" =7)W(p1) +72exp{A"7(p1) IV (p1 — 7)
< (N =71+ 72 exp{ A T} hMg exp{R(T — 8)}
< (N = +7exp{ATHhMexp{(T —9)} =0. (15)
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XA (14) 7 )G . I, (13) 50T
Tt e [T+6,2T), R, ATERIW () < hMoexp {[[(T —0)+ (t— (T +6))]}. BEE FiRUEH
B, M TALREMR, <t <si, TATH
W(t) < hMoexp{nk(T —9)}. (16)

AN, SFERT+6 <t < (k+1)T, AlfH
W(t) < hMoexp {7 [k(T —8) + (t — kT +6)]}. (17)

T AHMEREE > 0, FFAE— D IEBE U, 36T <t < (k+1)T. Kk, SHEREAY, TATHW (@) A I ifhit
MET <t <kT+6,

W(t) < hMyexp{nk(T—6)}

=hMyexp {nkTT_(S ~T}

=hM,exp {77(1 — ;)kT}
B 0
< hM,exp {77(1 — T)t}.

W(t) < hMgexp {q[k(T - 6)+(t kT — 6)]}

T— 6 T-§
:hMoexp{ k T - kT (t—kT)}}

B

ghMoexp{ 1— )kT+t kT)}}

<
s {(i-£))

Ah—1, W) IE X, T TGy (t) < Moexp{—(\* —7(1— )t} = Myexp{—pt}, t >0.
Fig1 FET s, R < §57 > Sk PIAMEALARE. R, s, FRAMUESR < T, X
TR Z AR/ IN B A R .

2 [BEXIEHI T EHEHE MR EE S EN

FA T AN G T EE IR R R SRS, 25 10 T RS0 (3) 55 ZR G0 (4) [) AL ] 1) P s A 2.

IR ARG 20, WRAFAEIE T B, ag, 65, pa(i= 1, 4)VIRIERERIFQ,, Q-1 LLF 251
(1)—2A—-2Q, +&7' D" D+e,L? 46, ' DT D, +ees L* +e; ' I+, 1 <0,
(2)—2C —2Q,+e tes ' T+ee,BTB+ o, 1 <0,
(3)=2A+ u; DT D 4 iy L2 + i3 DT D+ epis L2 + 1y T — eI <0,
(4)—2C+epus' I+ s BT B— a1 <0,
(5) (i) WHRo<r<6<T, v(6—7)—n(T—5+7) >0,

(i) R0 <d<7<T, a; >7>0, f=a;+ay >0, p=\* —77(1—%)>07
Hrb: 8, = e e dnax(L2), Bo = e podmax (L2), YHII BRI By — v — Bie’™ = 0Flla, + B = niYfi, 7 =
max{fBy, s}, NIEFTFEN —ay +yexp{\*T} = 0WIfif. B4, RGE(3)FIFRSE(4) e AR T P SCT SEEt ] 20

HUERR  FJi LyapunoveR 2V (1) = e (t)e(t) + 2T (t)z(t). X4t € [-7,0]iF, iEV, = sup V(k), 7 H 2t = OH,

iV, < V.. WAV ()X TERGUTF: e

MET4+0<t<(k+1)T, i

'ﬂ\oﬂ ﬂ\%
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(1) FERE R B, 2t € (nT,nT 4 0], F5 1 H15 5 [ #on] &I
V(t)=2eT (t)e(t) +227 () 2(t)
= %26T(t)(—f16(t) + Dy(e(t)) + D-g(e(t —7)) + Bz(t) — Qe(t))
+227(8)(=Cz(t) +g(e(t))) — Qaz(t))

<-—e"(t)(—2A-2Q\+e'D"D+e, L*+e,' DI D, +ees L+, ' e(t)

+2T(t)(=2C —2Q,+¢ 5 ' I +e4, BT B)z(t) +e teqe” (t—7)LPe(t—17)
< —aIV(t)—i—ﬁlV(t—T)—f—%eT(t)(—2A—2Q1+e;1DTD+51L2+a;1DTTDT

teesL?+e T+earDe(t) + 27 (1) (=20 —2Qy + e te; ' T+ ey BT B+ay I)z(t)
<—a V() + 6V (E-7),

HH: B = Teu Amax (L2).
(2) EAEES IR B, 24t € (nT 46, (n+ 1) T, IRF

V(t)=2eT (t)e(t) +227 () 2(t)
=2e" (t)(—Ae(t)+ Dg(e(t)) + Drgle(t — 7)) + Bz(t)) + 22" (¢)(—=C=(t) +g(e(t))))
<=e"(t) (=244 ' D' D+ L + 45 ' DID, +eps L2 + g e(t)
+27(t)(—2C +e uz ' T+e 'y BT B)2(t) + e ' pge” (t—7)LPe(t — )
< %(@V(?ﬁ) +6.V(t—7)+e" (t)(—2A+p; ' D" D+ p L+ 5, ' DID,)
+epus L+ p T —eagD)e(t)+ 27 (1) (—2C +e ' uz ' T+ & 'y B B — a, 1) 2(t)
<oV (t)+ 6V (t—1),

HA: By = e piaAmax (L?).
R, H (1) (2) AT Al

V()< —a V() + 5,V (t—7), nT<t<nT+9, a8)
V() <auV()+ 6,V (t—7), nT+5<t<(n+1)T.
FHG B35 5 | BRAAMERRAS, X TAE R IERE R 5
V(t) < Vype 7t—nD), nT <t <nT+56, (19)
V(t) < Vypyse"tnT=040 0 nT+5<t<(n+1)T,

Horpre ARl sl &I oy —y — Bie™ = 0Flla, + Boe™ = i fif.
Ko/, VIOTE(T <t <nT+6) FIRAEMGREL, TE(nT+0 <t < (n+1)T) L 23dEmik%. F7Et = nTHY,
Vor= sup V(t), FEt=nT+ 00}, Vopys= sup V(t).

nT—7<t<nT nT+6—7<t<nT+8
B T hi A RUBE K/ INIE TEARRIR R W], BT LAnT — 7 AT REJE T IX[E] ((n — )T, (n — 1)T + 6], A A HEJE TIX.
[E]((n —1)T + 6,nT), [T + 6 — 7AW GEJE T XAl ((n — 1)T + 6, nT|8(nT,nT + 6]. ik, LUFIEBE R
436 —1> 055 — 7 < OBFHMETE:
THIE1: 246 — 7 > O, FRATIZ0HEA
V(t) <V,ebt-m(T=s+n-n(T-5+n] te (nT,nT+4),
V() < Ve (DbG-n=nT=stl-nlt—t VT ¢ & (nT 48, (n+1)T],
Vip < V.e nb(6-—m-n(T—ot7)]
Virrs < Vie (HDy(6=n—nn(T=547)],
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M2, FE1EV, > V.
A FHECE AR U
(i) 241 =o0mt, Bt e [0, T)0F, H(18)=\AH

V()< Voe "t < Vie=t, 0<t<56,
{ (8) < Voe™™ < Vze (21)

V(t) < Vsentt=o+m), d<t<T.

HEDATAL Vs= sup V(£) <V(0—7) < Ve 707 24t € [6, T), V(t) < Ve hE—m=n(T=stv)]=n(t=T)}

S—17<t<s
T
V()< Ve, 0<t<s, ”
Vi(t) < Ve~ {h@=m)=n(T=5+n)]-n(t=-T)} = § <t <T. (22)
(if) R4 =n— 10, T HEIASERH AT
V(t) < VT,B—[A/t—(n—l)“/(T—tH-‘r)—(n—l)(T—tH-T)]7 tc ((n— I)T, (n— 1):]’4.5]7
V(t) < VTe*{n[“/((S*T)*n(TfMT)]*n[t*nT]}, te ((n _ 1)T+5, nT], 03
Vineyr < Ve~ (n=Dlv(—m)—n(T—d+m)] (23)
Vin-1yr4s < V, e =7 =(n-1)n(T=6+7)]
e T 241 = nit, (23)20ALAT.
WAVAE, 41 =nit, te (0T, (n+1)T). H1(18)=, WA
V(1) < Vape 7=, nT <t <nT+6, (24)
V(t) < Vopyse"tnTH0=1 0 nT4+§<t<(n+1)T.

HEHERV,,r 5V, s M9FRIKS, BIFS(24)20 i) B4,

Vor=  sup V(1)

nT—7<t<nT

= max{ sup V(t), sup V(t)}
nT—7<t<(n—1)T+6 (n—1)T+46<t<nT

=max{V(nT —71),V(nT)}.

HAn—1)T <nT -7 < (n—1)T+35, H(24)A 15 V,p < Ve mbC-n=nT=5+0] 54NV, 15 = sup

nT+6—7<t<nT+35

V() <SV(nT+6—7). H(23)H: Vipys < Vipe 7077 <V, e [0t Dy(6—m)—nan(T—5+7)]
B AT AR, 32T 4
XHERL >0, B Eny € 2+, 1524t € [noT noT +0)if, HUZ2 <no < L, WIFEEIELT, 6 —7 > O, A
V(t) S ‘/Te—['ynOT—ng'y(T—5+‘r)—ngn(T—6+7')]
< \/'Te—[%wT—%v(T—éw)—%n(T—5+T)]

:VTe*[%(w+n)(577)fnt*“/5]’ (25)

V(t) < V,.e_[("0+1)7(5—7)—W(T—6+7)]

< Vel OG- =n(T=5+7)] (26)

LA LIROMT, SRRV (1) < VoeTHon(T—04m),
PRI, Xt >0, TEMR

1" @)e(t) + =" 1)z < e (e + |27 (D)2()|| < Voe x0T+,
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A AE(5) (1), ATRE] Tim [le(t)]| =0, Jim [l2()]| =0, NIHFFAIBRZE RGUE AR BORE 1.

Wilba: AT0 <6 < 7 < < T, ARAR PR i), LB SISV (1) < Vet AT Tim fle(t)]] =
Jm [[z(@)]=0.

IR 2 R, T RS KN, SE PR T R ML, TN < 6) B,
RF RIS IS | 4, RTS8 RECE BRI 2 F. X Tr > st ie, i F/RE ELH 5 | B35 | HE475 34
WEAYESAR, PRI, B4 1 T 5 805, AR S 185, W] LA EHRAT R G B R AR OCHEN. 7E3CHk[17)h, /8 R
HIE T T < SN TR L, 4 T Le R B RN AR, ASSCAR IS HSCER 17 3 R et

EIR 3 ARSI PR i (1), i = 1, 208 0 R PERI R RIS WAESE PRI, X T AR il 8o f il o
WAERINZEE. Fn, i

—-Q(e(t)), te(nT,nT+4],
{ 0, te(nT+4,(n+1)T],

—Q(z(t)), tenT,nT+4d],
0, te(nT+6,(n+1)T].

R (BB SR Q ()it /2 5 e (1) Q(e(1) < e (H)Que(t), 27 ()Q(2(1)) < 2T (1)Q22(1).
R, ASRASETY (3) B 2 PR ECN A7 AE S i, DU (3)1B Ao LA R HE X

STM :ex(t)=—Ax(t)+ D f(z(t))+BS(t), (27)
LTM:S(t)=—CS(t)+ f(x(t)).
R, MR GEsfAR I
{ STM :ey(t) = —Ay(t) + D f (y(t)) + BR(t) +uy (t), (28)
LTM : R(t) = —CR(t) + f(y(t)) +ua(t),
Hor: g (t), i=1,2 Jga EREEEH 4%
:{ —Que(t), nT <t<nT+95, (29)
0, nT+6<t<(n+1)T,
{ — Q2 nT <t<nT+34, (30)
0, nT+d<t<(n+1)T,
Qi € RVN i =1, 2 RARFERIE 25 H0 S, Se(t) = y(t) —z(t), 2(t) = R(t)— S(t), Wik I RGE A E Ky
{ STM :cé(t) = —Ae(t)+ Dgle(t)) + Bz (t) +uy (t), (31)
LTM :2(t) = —Cz(t)+g(e(t)) +ua(t),

S gle(t) = Fu(t) — Fa(0).
IR BB, WERAATEIE W 8oy, ao, &5, ps (i=1,2,3) LRIEERFQ,, Qo1 ELLT 454F
1)—2A4-2Q, +e;'DTD+e,L? +ee, L2 465 [ +ea,1 <0,
2)—2C —2Q,+e te; ' T+ es BT B+ a1 <0,
3)—2A+ui "DTD+ puy L2+ epp L2 + p3 T —ea, I <0,
4)—2C+e tus ' T +e tusBY B—a,I <0,
(5)and — (T —0) >0,
R 555 (27) F (28) TEIA] R il BIMAL T S BEIR A

(
(
(
(



530 B R (HARRIED) (FR3Es0) 20214F

JEBR FIRS LyapunovEEV (t) = T (H)e(t) + 27 (£)2(t), 24t € [nT,nT+8), TV (t):Rk FH75
V(t)=2eT (t)é(t) 4227 (1) 2(t)

= geT(t)(—Ae(t) +Dg(e(t)) + Bz(t) — Que(t))
+227 (1) (—Cz(t) +g(e(t)) — Q22(1))
< éeT(t)(—QA— 2Q,+¢e;'D"D+e,L*+ee, L7 +e; ' Te(t)
+27(4)(—2C —2Qy+e e, ' T +esBTB)z(t) +¢ tese” (t—T)L?e(t—7)
g7041V(t)+éeT(t)(fQAfQQl+€1’1DTD+61L2+562L2+5;1I
+eale(t)+2" (t)(—2C —2Qq+e ey ' T+e ey B B+ I)z(t)
<—a,V(b).

HILV (t) <V (nT)e =) Mt e [nT 46, (n+1)T)Bf, IRFH
V(1) =2e"(H)e(t) +22" (1)2(t)

=2e"(t)(—Ae(t) + Dg(e(t)) + Bz(t)) +2z" (t) (= C2(t) + g(e(t))))

<=e"(t)(—2A4p ' DT D+ py L? ++eps L2 + pg 1e(t)

m

21 () (=2C+e  py T +e7 g BT B)2(t)
) et () (=244 ' DT DA L2 +epp L2+ g ' T
—5(12])6() 2P (—2C+e g I +e  us BT B—anI)2(t)
t).

ny
(nT—|— 5)eaz(t—(nT+6)>

(nT)e—a16+a2(t—(nT+5)) .

WAV ((n+1)T) <V(nT)e 10+ea(T-0),
X1Vt € [0, T+ 8), FUFECE A7 5o
V( )SV( ) —nla1d—ag(T— é)efal(t nT)

§V( )6 (18— (T—8)) 172 8
XVt e nT+6,(n+1)T), IV
V(t) < V(to)e—ma—aﬂ—m% e~ (@16—ax(T—3))

=V (to)e (@19 -0a(T=o)(*F>41)

HIAREI LA H(5) PR lim V(t)=0, LN lim_{le(t)][=0, lim_|l2(t)]| =0.
FiC 4 TEHE 1EP ?iam%dzo«k:r ﬁ'ﬁéa TH, ?iaﬂ]?;zfu”—?ﬁﬂ%”%( )F(6) KR Ak R — e ) i SAE ], R

uy (t) =—Que(t), us(t)=—0Qa2(t). (32)

WIS 2 XL 20807, WRAEEIEF o, e (i=1, - A)LUSIEERMEQ, Q. B LL T 444
(1)-2A—-2Q,+&7'D"D+e,L? 46, ' DT D, +ees L* +¢; 1I+5a1] <0,
(2)—20C —2Q,+e'e; ' T+e e, BT B+, 1 <0,

MRS (3) F1 R GE (4) T 45 (32) L[R5
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3 HWEXHSEMHE

TNt T — 2B S, @i 5 FLSL I RE T AT A SR, 5 B — 22— DRI S A A 2 R 2% 1 R

i

STM :ei(t)=—Ax(t)+Df(z(t))+ D, f((t—7))+ BS(t),
LTM:S(t)=—CS(t)+ f(xz(t)),

=

(t
=0.4, C=0.8], B=0.3], e =0.4,

S

1.5 0
0 22

Bl ATk RGEIRIER 2 A2 (0) = (2,0.4)T, S(0) = (—0.5,0.8)

0.81

0.6

0.4,

0.2

oF

1 o()hotaE
ZIEE RS (33) 5N RS (34) R

STM :e5(t) =—Ay(t)+ D f(y(t)) + D f((t—7)) + BR(t) +u (1),
LTM : R(t) = —CR(t) + f(y(t)) +ua(t),

0.4F

-0.1

(33)

L 2(t) = (20(8),22(8)7, S(t) = (51(t),52(1))7, f(2) = (0.6tanh(z,) + 0.4sin(z;), 0.6tanh(x,) + 0.4sin(x,))7,

~1.45 —0.05
, D, = :
) (—0.28 0.05 )

T isfrgERmE, F2RR.

0.1

0.7

0.6[

0.5f

0.3

0.2

011

ok

-0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2

2 S(t)HAEE

(34)

/ﬂ\:l:'j: y(t) = (yl(t>7y2(t))T7 R(t> = (Tl(t)7r2(t))T' %ﬂﬁﬁ%’ﬁ:y\]y(()) = (—1.6,0.6)T, R(O) = (0'270'56)T7 xi(t)7 yi(t)ﬂ
si () Flry (¢) (i = 1, 2) PRSI E3~ K6 2 L T JeiEhligfE . AR, RiEH N ENRGE L EAFZER.

5 Sl(t)*mj (t) E"]’{k?&

4 xa(t) Fya(t) BPRTS

08 . . . .
07 el

06 -
Loos

0.5

0.3

0.2

0.1 L L . L
0 2 4 6 8 10
t

B 6 so(t)Fry(t)BVRTS
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AT R R AT AT, TEBEEGE 24 25 R, RGTE SRR Bl (5) F(6) T, RS (33) SMNARGE(34) 4
TFlal. ﬁﬁﬁ@f@ﬂ, %Zﬂ]?legﬁﬂqu_ﬁ*%TQl =351,Q:=3l 1= =2,e0=ps=1,e3=p3=0.5, g, = 1, = 0.25.
fRT 2R AT B LAY 45 E (1)~ () ST AN, g6 =2, T =3, EBILISE(5) () WIRr. S Hi ks =2,
T =3, TEJRIHE BRI (5)F(6) T, (1), vi(t), s;(t) Fr. () PIESPLME T~ E1007R, Hri=1,2, I FEMHR
E573y < [ 3 2 A S R

2

07r! -==ly

'
0.6
0.5r
0.4F
0.3r

0.2r

0.1
0 2 4 6 8 10
t

9 s (t)FAr (t)BIIRTS 10 so(t)F0rs () BIIRTS

4 45
8 S AT e 1) O 1 I o T R S ) e [ B P M 28 6 B S L, % 18 7 LA PR A A
[R5 4 22 TR FEI A AR 2 AT 7 1 Al Ly apunov BRLTE, 116 T ELA IR 5 2 W 22 I 248 1 4 S
BRIRIAE Sk, FE T T RS (0 [RIERE, oS T BRI A2 A S NS P B Ay A s Fr 3
SR L AR BRI AE BT, ST T e FEAMPE A, st 7 2L E 1 4R Hh 28 1 TE M P AT A
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