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1 Introduction

Synchronization control is the hot topic of research into nonlinear systems, which is
widely applied in various areas. Different synchronization schemes have been presented,
including exponential synchronization, complete synchronization, projective synchro-
nization, lag synchronization, and adaptive synchronization [1-5]. It is worthy to point
out that these kinds of synchronization strategies considered an infinite time. Therefore,
the method which can realize the synchronization within a finite time has important prac-
tical application values. The finite time synchronization was first introduced by Kamenkov
in [6].

As we all know, neural networks (NN) own numerous specialties, including powerful
self-learning and tolerance ability, parallel computing, which have been applied in pattern
recognition, signal processing, optimal, and so on. In recent years, the study of its dynami-
cal characteristic, such as finite time stability and synchronization, has gained tremendous
attention, and considerable works have been done [7-13].

Finite time synchronization relies on its setting time, which depends on its initial er-
ror. To resolve this issue, the concept of fixed time synchronization (FTS) is introduced
in [14], implying that the setting time has a convergence upper bound which is indepen-
dent of the initial values. Because of this merit, FTS has attracted great attention in lots
of fields, including power system [15], traffic [16], and consensus [17]. So far, some inter-
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esting results on FTS of NN have been presented [18—24]. Based on Lyapunov function-
als, FTS for recurrent memristive NN (MNN) with time delay was presented in [21]. In
[22], authors studied the FTS of complex-valued NN (CVNN) with discontinuous activa-
tion functions and parameter uncertainties by decomposing CVNN into two real-valued
NN (RVNN). By applying the Lyapunov stability theorem, Ref. [23] considered the FTS
of uncertain Cohen—Grossberg NN with time varying delay. In [24], the FTS for a class
of impulsive MNN with time varying delay was discussed through designing a suitable
controller.

Recently, some scholars introduced quaternion algebra into NN to form quaternion-
valued NN (QVNN). Compared with RVNN and CVNN, QVNN can be applied to deal
with multidimensional problems, such as image processing, 3-D wind processing, color
night vision [25-27]. Moreover, QVNN possess superiority in dealing with optimization
and estimation problems and they have widely potential application in engineering field
[28, 29]. Thereupon, it is necessary to consider QVNN. In recent years, a few results on
dynamical properties of QVNN, including stability, periodicity, dissipativity, and passivity,
have appeared [30—33]. Moreover, the memristor, as a fourth fundamental circuit element,
was reported in Nature. The memristor exhibits numerous superiority such as high den-
sity, good scalability. Therefore, many scholars constructed the memristor-based neural
networks (MNN) by replacing the traditional resistor with memristor. However, there are
few results considering FTS for QVNN [34], not mentioning quaternion-valued MNN
(QVMNN). On the other hand, due to the finite switching speed of amplifiers, time de-
lays inevitable exist in NN, which may become a key source of instability, oscillation or
chaos in the neural system. Furthermore, the delays are time varying in nature. Conse-
quently, it is necessary to consider QVMNN at the presence of time varying delays in our
study.

Motivated by the above discussions, this paper focuses on studying the FTS of QVMNN
with time varying delays. The three distinctive advantages are listed below. First, taking
time delays and memristor into consideration, the model of QVMNN with time varying
delays is established, which is more complex and more general. Second, the issue of FTS in
delayed QVMNN is discussed. By applying the fixed time control and inequalities skills,
some novel conclusions are developed in this paper. Third, the obtained results in this
paper can be applied to handle the RVNN, CVNN, and QVNN with or without delays.

Notations. In this paper, R, C, Q refer to the real numbers, complex numbers, and
quaternion numbers, respectively. C([-7,0], Q") denotes the continuous functions from
[-7,0] to Q".

2 Preliminaries
A quaternion-valued y is described as y = y% + 15" + 79/ + kX, where y%,91,9/,yX € R, the

imaginary units 1, j, ¥ can satisfy the Hamilton rules:

—| =
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Remark 1 Unlike real value and complex value, the commutative law is not true for quater-

nion according to Hamilton rules.

The model of delayed QVMNN is described as follows:

&p(t) = —dypzp(£) + Y apg(2p(0))fy (24(8))

q=1
+ Z byq (Zp(t))gq (Zq (t - r(t)))
gq=1
+0,@t), t=0,p=12,...,n W

where z,(¢) € Q denotes the state vector of the pth neuron. d, > 0 stands for the self-
feedback coefficient, a,4(z,(t)), byq(2,(t)) € Q are the memristive connection weight ma-
trices, f;(-) € Q stands for the neuron activation function. t(¢) represents time vary-
ing delays, [, € Q denotes the external input vector. The initial condition is given
by z(s) = ¥(s) € C([-7,0],Q"), -t <5 < 0. System (1) is considered as a drive sys-
tem.

The memristor connection weights a,,(z,(t)) and b,,(z,(t)) satisfy the following condi-
tions:

a (Z (t)) _ épq’ |Zp(t)| = Tp;
e leq) |Zp(t)| > Tp;

bpq(Zp(t)) _ 'pq> |Zp(t)| = Tp;
bpg,  12p(8)] > T,

where T}, > 0 is the switching jumps, @,4, dpg, bpq, bpg € Q are constants.

Remark 2 The considered system (1) takes into account quaternion values, time-varying
delays, and memristors. Compared with [33, 34], the system in [33, 34] is just a particular
case of this paper.

To carry forward the main results, some necessary assumptions are presented.
. _ R ] K . . .
Assumption 1 Suppose z, = z, + 12117 t %, tKzZ,, the activation function
— fR 1 I () K (K
Jaleg) =17 (zq) + 1y (2g) + 27 2g) + ey (2y)-

Assumption2 Forp=1,2,...,n,Vz,,Z, € R(u=R,1,],K), there exist [,,, i, > 0 such that

i (2l) = £ (20) | < Izl — 2],
g () — gl ()| < |l — 2.

Assumption 3 7(¢) is differentiable and satisfies 0 < 7(¢) < v and 7(¢) < 0 < 1, where ¢
and t are constants.



Chen et al. Advances in Difference Equations (2020) 2020:92

By employing quaternion multiplication with the non-commutativity, system (1) can be

represented as the following four parts:

£,(t) =

() = ~dp2B (1) + Y, a8 (R 0)fF ()

—al, () (EL(2)

-, (2, (O] (2 (1)) - ay, (25 (O)f (25 (1))
+ 2 b5 (28 (0)gR (25t - < (1))

Bl (L ()g (L (t - (1))

A CAONACAEEIO))

— by, (2 (0)gy (25 (¢ = T(1)))],

—dy 2 (6) + Y0 lal, (2L )RR ()

+al (z8(0)f](zL (1)

+ak (KO EL©) - a), G OF (K@)
+ 3 o lb (2 (0)gh (25t — (1))

+ B (G (O)gh (@t - T(1)

+ U (Ot - ()

-, (2, (0)gy (25 (t = T(1)))],

—dpz,(8) + Y0 @, (2, (D) (25 (2)

+ab (28 (1))f1 (2} (2))

+ak (RO () - al, GO D)
£ 0 B (2 ()RR (E - (1))

+ by, (2 (0)gy (24t~ 7(2))

+ BR (RO)gh (- 7))

— Bl ()X (K (- T ()],

—dpzy () + 30y [ay, (2 (D) (25 (2)

-, (2,())f] (2 (2))

+al ()] @) + ak (RO (K ©)]
+ 3 BN (2K (0)gR (2Rt - = (1))

B (O - T(®)

B @O - T(0)

— bR (R(0)gX (K (e - ().

3)

According to the characteristics of memristor and current voltage, we have

a

bpg(2(9) =

- (zZ(t)) =

pgy 12y (B)] < Tp;

dpgr |2y ()] > T),
(4)

Bhr 125 (0] < Tp;

bpg 12y (O] > Ty,

where T), > 0 is the switching jumps, @y, dp,, B}fq, l}gq are constants, i = R,1,/,K.

Page 4 of 16
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Applying the theory of differential inclusion and the definition of Filippov solution, sys-

tem (3) can be rewritten as follows:

2R (6) € ~dy2R(e) + Y1 [eolaR ,aR R (D) - colal, b, 1! (2 (1))
- col@,,, 4, \f] (2} (1)) — colay,, ay \fy (2 (1)]
+ 0 [colBR, bR JgR (2R (¢ - T(1))) - colB,, bl Jel (2L (¢ — T(£))
— ol bl )&l (@) (¢ — T (1)) — oK, X ) 2K (¢ — (0],
2(6) € ~dy2h () + Y0 [eol@,, al, IR (R(®) + colaR , af. 1f! (21 (1))
+ colay,, ak \f) (2(6)) - cola,, al, \fi¥ (25 (¢))]
£ 0 [colBl,, Bl JgR(R(E - 1)) + colbR,, bR gl (2L (¢ - 7(2))

+ colBK b gl (2 (e — () - colBl, b, gk (2K (- T (1),

pq’ =pq P9’ =pq (5)
2,(t) € —dpz))(t) + Y11 [cola),, a) M} (25 (1) + colay,, ay, \f; () (2)
+colaR , ak Ml (zh(®)) - coll , al, X (X (1))]
+ 30 leolBl,, b, Vg (2R (e — T(6))) + co(bX, b gl (2L (t — 7(2)))
+co{BR , bR Yl (2 (t — 7(1))) - co{Bl, , b, JgX (2K (¢t - (1)),
2, (8) € —dpzy (1) + 211, [colay,, ap M (2(0) - cola,,, 4, \f; (2}(2)
+colal, b WI(2h(0)) + colaR , af VK (2K (6))]
+ 30 [eo{bk,, b R (2R (¢ — 7(1)) - co{b),, b, gk (2} (t — (1))
+colBl,, b gl (2L (t — 7(£)) - co{bF , b 1gX (2 (¢t - T(1))).
Or equivalently, there exist dy, € co{Zzﬁq,QZq}, I;Zq IS co{l_aj,fq, QZq} such that
R(e) = ~dyzR(e) + Y0 [GR fRER () - &b f1(2(0) - &, f (2L(8))
— G R O)]) + Yoo [BR gR (@R (- 7(2) - Bl gl (2l (t - T(1))
- b, gl (t-T(®) - BK g (-7 (1)),
() = ~dp2l(6) + Y0 [0l fRER () + R f1(2(0) + aX 1 (2(8))
— &, OF O] + X0 (B gRER(E - T(0) + bR gh(zh(t — 7(2)))
+ BE g2 (t - (1)) - B, gX (K (¢ — (e)], ©

2(8) = —dp2(6) + Y1 (8, fREE W) + A5 1L (0) + a8 f1 (2 (1))
— L fR O] + Y 1], gR (R~ T () + B gl (2 (¢ — (1))
+BR (2 (£~ T(8) - Bl gK (K (- T(®)],

25(8) = —dpzl (1) + 2y (a8 fR (2R () - & (2L (1)) + &l f) (2] (1))
+aR R O] + X 1K gR @R (E ~ (1)) - B gl (2 (¢ — 7))
+ B gl (2 (£ - T(0) - BR gK (K (- T(®)].

Make the definition that &y, = max{dy, dyq}, aly, = min{dyy, dyg), b, = max{l;Zq, i)Zq}, by, =
min{bly, b}, 1 = R, 1,1, K.
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The response system is given by

Zp(t) = —dyZ,(t) + Z“pq(gp(t))fq(%q(t))

gq=1
+ Z byq (2p(t))gq (éq(t - r(t)))
gq=1
+1,(6) +up(t), t>0p=12,...,1, o)

where u,(t) € Q is an appropriate controller. The initial condition is z(s) = ¢(s) €
C([_T’ 0]1(@”): -7 S N S 0
Similarly, system (7) can be written as follows:

R(e) = ~dy 2R () + Y [aR fRER () - &b f1 L (0) - &, f] (Z(0))
K K EK )] + 0 l[qug;?rg(t r(t))) BglE (- ()
B @@ (- (0) - b’;gif(zK(t O] + uk(8),

Z(t) = ~dyZ(t) + Yonalan fRER ) + ap fl (2 (8)) + ap f] (2 (0))
— & L OFEEE )]+ Y [bfng (-t >>)+b,,ng< (- 10)
+ B g @ —r(t))) B gK X (e - T(0)] + (),

i{,(t)=— RAOEDY qﬂ,(%R(t)HVK 1(ZL (1) + an f1(Z (1)

al fr(z ~’<(t 1B gRER (- T(2) + B gl (GL(e — (0))) + ) (2)

+b ,,gq<zf<t— r(t))) Blgk K (¢ - (o)),

25(t) = —dpzy () + 3, [y R E5 () — &, f1 (2 (0)) + a,, f7 (Z],(0))
+dR R O] + Y (B gR R (- (1) - B gl(ZL (¢ - 7(2)))
+BLgl (- T(0) - BR gk X (¢ - T (0)] + K (@),

M Sy B A
where a,, € cofdpq, ay,,}, byg € co{bpq,gpq}.

Let e, (t) = z,(t) — z,(¢) be the error of synchronization, giving that the system error can
be modeled as follows:

€,(t) € —dye,(t) Zco{apq,ﬂ }F,(e4(2))

+Zco{ byg: by, }G ( T(t)))
+up(t), t>0,p=12,...,n, 9)
or equivalently, there exist a,, € co{a,q, Gybs bpq € co{b g D g} such that

&p(t) = —dpe,(t) + Z‘_’quq (eq(®)) + Z bpgGy(eq (£ - 7(1)))
gq=1 g=1

+u,(t), t=0,p=12,...,n, (10)
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where F,(e,(t)) = f;(z,(t)) —f5(24(2)), Gyle,(t— 1)) = g4(Z4(t — 74)) — g4(24(t — 7). The initial
condition is ¢(s) = Y (s) — ¢(s).

Based on the above analysis, the error system e, (t) = en(t) + e, (t) + e (t) + ke (t) can
be represented as the following four parts:

&R () = ~dypel(t) + YU [k FR(eR(t)) - &, FL(el (1)) - @), Fi(e (1))

pqq pqq Pq4q
- E ) _ _
+ Z;:l[bqug(eg(t -7(8)) - b;qGé(e{I(t —7(1)) - bqué(eé(t — 1))
— B GX(eK (e - T())] + uf (®),
&,(t) = ~dyey(t) + 2oy (@), Fy (ef (D) + ag,Fi(el () + ay, F el (0))

~ &, FX (e ()]

rqq

+ Y [Bh,GR (R (- T (1)) + B, G,

- b, GX(el(t - T(0))] + ub(®), (11)

&(0) = ~dye (1) + Y [, FR(eR (1) + @& FL(el (0) + @& FL(el (1))

pqgq g 4q prq94q
—al FX (X ()]

Gl (et — () + B, G (el (¢t (1)

rq 9 q

12/
+ Y (B, Gt — (1) + BK G (el (¢ — (1)) + BR, G €] (¢ — (1))
— B, GN (X (¢ = T(0)] + u(0),
&K (t) = ~dpe (6) + Y1, [aX FR(R(0)) - &, EL(el (t)) + al, A1)
+al FX (X ()]
# Y0[BE G (- 1(0)) - B, GL(eL (= T(0))) + B, GL(EL(t — (1))
— BB GR (e (¢ = (1)) + uk (0),

where Fy (e} (1)) = f; (24 (£)) - fy (24 (£)), G (el (£ —1,)) = g4 (24 (t — 74)) — g4 (24 (£ = Ty)), Gpg €
colapg, ali,}, bpg € colbhg, b}, =R 1] K.

For the subsequent discussion, the definitions and lemmas are given.

Definition 1 ([6]) For any initial values ¢, at an existing time of 0 < T'(¢) < co such that
(1) limg 7(g) lle(t, @)1l =0,
(2) ”e(t: ¢)|| =0,t> T(¢),

drive-response systems (1) and (7) can obtain the finite time synchronization.

Definition 2 Drive-response systems (1) and (7) are said to reach the FTS if the conditions
of finite time synchronization hold and the setting time T'(¢) is upper bounded by Tiyax,
ie, T(¢) < Trax-

Lemma 1 ([35]) If V: R" — R, | {0} is a continuous radially unbounded function satis-
fying:

(1) Vo) =0&y=0;

(2) For&,n>0,8>1,0<80 <1, the following inequality holds:

D'V(y(0) ==V’ (y®) - nV’ (r®), W¥(@),
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then the origin is fixed time stable; moreover,

V() =0, t=T(o)

with the setting time bounded by
1-6

Ly 1
TO}O)ETmaXF’](S) <1—9+5—1).

Lemma 2 ([36]) Assume y1,¥2,...,9x = 0,0< ¢ <1, ¢ > 1, then the following inequalities
hold:

iyi = <Zyp> iyé =n't (iyp)g-
gq=1 g=1 g=1

q=1

3 Fixed time synchronization
In order to achieve the FTS of delayed QVMNN, the controller is designed as follows:

ug () = —A5,eR(t) - sign(es (£) A5, e (1)1° + A5, 1eR(2)|° + Af, lex (¢ — ()],

1p=p
) (t) = =M1, (t) — sign(e, (1)) [A5,lep (D1 + 13, e, ()1 + A4, le, (¢ — T(D))I], 12)
ul (£) = =€) (£) — sign(e} (1)) (X, le) (£)|° + M, el (0)1° + A le (¢ — T ()],
K (£) = —25,eK () — sign(eX ()15 leX (0)1° + A5, 1K (6)]7 + AL [eX (2 — T ()],

where A% | AL

1y M Moy Ay, (10 =R, 1], K, p=1,2,...,n) are control gains, § >1,0< 6 < 1.

Theorem 1 Let Assumptions 1-3 hold, when the control gains satisfy the following condi-
tions:

M= o 11ER |+ 1@, | + 1@, | + 1381 ~ dy,
My = 0B + 1B, | + 1B, + 16X 1, (13)
My>0,  A>0, p=12..,mp=RLJK,

where § > 1,0 < 0 < 1, then the response system (7) can synchronize the drive system (1) in
a fixed time under controller (12). The fixed time T is estimated as follows:

1-6
50
T < 1 _* 1 N b , (14)
T A3 \ Ay (4n)t-d 1-66 §-1

where Ay = min,{A5,}, A3 = min,{A3,}.
Proof Constructing the Lyapunov function

V(t) = Vi(t) + Vo + V3(£)(t) + Va(2)

@]+ le @]+ Y _|eh@] + > |k @), (15)
p=1 1 p=1 p=1

p=

(1>
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taking the time derivative of V;(¢), one gets

Vie) = Z sign(eﬁ(t)) {_dpeﬁ(t) + Z[“qug (eg(t)) aqu;(e (t)) ;qFé(e](t))
p=1 q=1

n

Png( g(t))] Z[bquf;( g (t—7(0) - bfaqG{z< (t-(®))

gq=1

B, Gl (€, (t - 7(8)) - By, Gl (e (1 - T (®)))]

rq -4

— 2R eR(p) - sign(eﬁ(t))[k§p|eﬁ(t| +AR |eR ’ +AR |eR(t T(t )|]

1p~p

<Z (dp + 25, e @] + Y [|ag, |15 es @] + |ap, | leh )] + |, |2 e} )]

gq=1

+ ||l leg O] + Z[!Z’ﬁq!hﬁleﬁ(t—f(t))!

gq=1
B e (00 Bl e~ ) o B e~ o)
-4yl -0l - -]

n

Z{ —xR+Z\aq,,wR}\eR<t S 0] + 2 o)

p=1 p=1 g=1

n

+ |y, |1 |ef (6)]] Z{ +Z|b |hR}|e (t—7®)]

p=1

30 S MIBL e~ )]+ (B e <00+ B L e <o) ]

p=1 g=1

-Z,\ |eR(t)| +28 |eR(t)|]
Similarly:

vz<t>fz{—dp-xip+z| v’}\e O]+ 32 D Tlaty 51k] + |2 e o)
p=1 =1 pr=1 g=1
+}Et |lK‘e t)’ Z{ +Z|b ‘hl}’e t T(t ))’

p=1

30 B e~ )]+ B e e = )] 1B e e~ o0 ]
p=1 g=1

n

= [M,le |’ + A4, lel

it

p=1
V;,(t)fZ{ +Z|aqp|ll}|e’(t)| ZZ A |1R|3R(t)| |lg|efl(t)|
p=1 r=1 g=1
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n

+|ag, [ty ]ey O] + { +Z|b W}V (t-7®)]

p=1

30 B e~ )] o B e e~ )] [ e e~ w0 ]

p=1 g=1

-Z (W, |ef(t)| + M€l ()
b=

)

0= 32, Sl 0]+ 2 0 ko] - el

p=1 q=1 p=1 q=1

+a, |2l @] Z{—AK+Z|b |hK}|e (t-@)|

p=1

30 B e~ O]+ Bl e (e~ )] [ kel - )]
p=1 g=1

n

-3 5 |eK(t)| +2K |eK(t|]

p=1
By combining the above inequalities and according to Lemma 2, one gets the following:

n n

VO = Y|~y D[l |+ el |+ )|+ ]lﬁ}|ef§<f>>i

p=1 q=1

Dol SIS » AR AR AT A 0

p=1 q=1

ool S0 o ]z;}wpmw

el tty o Sy o
=1 1

>t +Zlb By Bl 65 - )
> +Zlb o Bt [+ 55 1 e e - 20
>t +Zlb o B+ [+ 85 1 e e - 20
3 —mzw [ B+ B+ 85 e e 200

S T OF + 15 0] - D lel O + 24y el

p=1 p=1
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3 A CIERATICIS B D ATACISE TGl
p=1 p=l

==Y [ e + 25| ] - D[4, leh @] + 24, lep @]
p=1 p=l
=l l@) + 1 @ 1= S ek @] + 25 X )]
p=1 p=l

< - Y [JR@] +[e®] + |, +|ek@)|']
p=1

2 Y[l + @ + @] + o]

p=1

p 8
< —Aa(4n)' [Z|e§(t)| +|eb@)] + |e,®] + |e§(t)|:|

p=1

n 0
— A3 |:Z|e§(t){ + {eé(t)| + |e£,(t)| + |e§(t)|:|

p=1

= 2 (@) PV (8) — A3 VO (2).

Therefore, following from Lemma 1, the FTS between drive-response systems (1) and
(7) can be achieved. Moreover, the upper bound of setting time is estimated by T <

L3 )ig( Lo, L
7 Gt (257 + 51 :

Remark 3 Ref. [34] investigated the FTS of QVNN without considering time-delay, and
some conditions of FTS and bound of the settling time were obtained. In our paper, the
FTS of more complex QVMNN at the presence of time varying delays is considered. More-
over, the design of controllers and the conclusions are more complex and more general
than those in Ref. [34].

Remark 4 Recently, many excellent results on FTS of RVNN and CVNN [18-24] have
been presented. Compared with previous works, QVNN possess superiority in dealing
with multidimensional problems, and they have widely potential application in engineer-

ing field. Hence, our result is more general and meaningful.

Remark 5 It is worthy of pointing out that quaternion multiplication does not satisfy
the commutative rule. Therefore, traditional methods and techniques for solving prob-
lems of CVNN or RVNN cannot be directly employed to study QVNN. To avoid the
non-commutativity of quaternion multiplication, a feasible method is to decompose the
quaternion-valued systems into real-valued systems. Choosing different approaches on in-
vestigating the dynamics characteristics of QVNN is still an open and challenging task. In

the future, we are focusing on studying the synchronization of QVMNN via direct method.
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4 Numerical example

The following QVMNN with time delay is taken as a drive system:

2
2p(t) = —dpzp () + Zﬂpq(zp(t))fq(zq(t))

q=1

+ i bpq(2p())24 (24 (t = T(2)))

gq=1
+1,(1),

t>0,p=12,

(16)

where z,,() = zﬁ(t) +125(t) + 12, (t) + k25 (£), T(t) = 0.2+ 0.785in(2). [y (£) = 0.5+ 0.4 — 0.5 —

0.3k, L(t) =
A=
-2
-1
i) =1
)=y "
i) =1
i) =1
D oy,
4 oy
) =1

lxf| <1,
x> 1,

5] < 1,

W81 > 1,

vl <1,

Il > 1,

x| <1,
| > 1,

W <1,
] > 1,

) <1,
w5 > 1,

e <1,
| > 1,

ey < 1,

|x2|>1

xR <1,

xR > 1,

x5l <1,

|x§| >1,

el <1,

W] > 1,

-03+031+2)-1k,dy=dy =1

2R 01, [|f¥<1,
“12("1) =
-0.1, [x¥|>1,
01, kB <1,
“gz(xg)
-0.1, [x8>1,
01, |xfl<1,
“{2("11) =
_0-1’ |x11| > 1;
) 01, [|xl<1,
a X.
2 Jo, s 1,
01, |l<1,
“]12("]1) = !
-01, |#|>1,
01, |l<1,
“éz("]z) = 2
-0.1, |&|>1,
K () 01, Il=<1,
4 _
P 01, ks 1
K
I
02, [«X|>1,
o (st ¥ <1,
() 01, |xR|>1,
R xR |x§| S 1’
b22 2
-0.1, |«8>1,
vl <1,
Bl = oy o
.2, 11>1
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Figure 1 The error curves of €, ef
-0.1, |« <1, 01, |x|<1,
B (s]) - S I
04, |xb|>1, 02, [¥]>1,
0.1, |¥|<1, 01, |#|<1,
V() - MEL W) - i
02, |¥|>1, -0.1, |¥|>1,
0.1, |Wl<1, 01, |&<1,
V(i) - L=l W) - ol =
02, |&]>1, -0.1, [&|>1,
-0.1, |xfl<1, 0.1, |«f<1,
o () = B B (o) =
0.1, [|xK|>1, 02, [«|>1,
B (55 = -0.1, |x5|<1, K (+5) = 0.1, |x51<1,
21 - 22\"*2 ) —
0.1, [|«5]>1, 0.2, [|x5|>1.
The neuron activation function is
1 1 1 1
z,(t)) = g,(2,(t) + 1+ J+ K
B 0) =6 (e )1+ezl§(t) 1+e70 146007 1420

for p = 1,2, which implies [, = hy, =1, u =R,1,],K.

The response system is described as follows:

2p(8) = ~dypZ () + Zﬂpq(ép(t))ﬁz(zq(t))

q=1

£ bog (2(0)2q (24t - 7))

q=1

+1,(8) + u, (1),

t>0,p=1,2,

(17)
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Figure 3 The error curves of €], €}

where Z,(t) = Z3(£) + 12,(£) + 12Z,(8) + k25 (£). up(£) = ui(8) + 1u)(£) + jul,(£) + kuy (2) is the
controller. The parameters used here are similar to those used in (16). Choosing )pr =4,
My, =5, A5, =10, Ay, =2 (0 = R,,J,K, p=1,2,...,n), § = 1.5, 0 = 0.5, the conditions in
Theorem 1 hold. According to Theorem 1, drive-response systems (16) and (17) can syn-
chronize with the setting time Ty, = 0.6. Figures 1-4 show the synchronization trajecto-

ries with ten random initial values.

5 Conclusions

The FTS issue for a class of QVMNN at the presence of time varying delays is investigated
based on fixed time stability theory. With the help of a Lyapunov function and a nonlinear
controller, some sufficient conditions are established to implement the FTS of delayed

QVMNN. Finally, a numerical example is used to present the effectiveness of the proposed
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method. The synchronization of delayed QVMNN with parameter uncertainties warrants

further investigation.
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