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Abstract

In this paper, a variable coefficient integral neural network with time delay is con-

sidered. By using Lyapunov-Lasall principle of functional differential equations, we

obtain the criterion of stability based on adaptive control. Finally, we verify our

conclusion by numerical simulation.
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1988c§L.O. ChuaÚL. YangJÑ
�«#�&E?nXÚ§¡�[� ²�ä"� ²�

ä�'§[� ²�äkü�AÏ�A5µ�´ÙëY�mA5#Né&Ò?1¢�?n¶1�§

§��ÛÜpë¦[� ²�äAO·Ü��5�8¤>´�¢y [1]"1990c§L.O. ChuaÚT.
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ïÄ"¦�@�ÀJÜ·�[� ²�ä���±

)ûÛÜÚ�Û��ª£O¯K [2]"

Cohen-Grossberg ²�ä£CGNNs¤´�­�� ²�ä��"§´dCohenÚGrossberg

[3] 31983 cJÑ�"CGNNs3`z!¿1O�!©a!ã�?n�+�äk2,�A^c

µ [4–6]"ù
A^é�§Ýþ�ûu§��Ä�1� [6, 7] ÚNõ'uCGNNs,
aO�Ä�¯

K�k¿Â�ó�´¢y� [4,8]"Cc5§ò´CGNNs (DCGNNs)��½�mÓÚÄ��Úå


�5�õ�'5 [4–7,9–11]"

2006c§J. Zhou§T.P. ChenÚL. XiangïÄ
ëê���ÍÜ·bXÚ��¢ÓÚ¯K"¦

�ïÄ
ò´CNN�YÓÚ�¯K§�.Xeµ

ẋ(t) = −Cx(t) +Af(x(t)) +Bf(x(t− τ)) + u. (1.1)
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,�§ÌXÚ1.1�lXÚÓÚ§

ẏ(t) = −C̃x(t) + Ãf(x(t)) +Bf(x(t− τ)) + u. (1.2)

Éþãéu§·�ïÄ
±e�¢ ²�ä§

ẋ(t) = −Cx(t) +Af(x(t)) +B

∫ t

t−β(t)
f(x(s))ds+ J(t). (1.3)

Ù¥x(t) = [x1(t), x2(t), . . . , xn(t)]T ∈ Rn�t�� ²�'é�G��þ§n� ²�ä�ê

þ¶C = diag(c1, c2, . . . , cn)��½é�Ý
§A = (aij)n×nL«ë��­Ý
§aijL«ü�

�iÚj3t���ë�rÝ¶B = (bij)n×nL«ò´ë�Ý
§ bijL«ü��iÚj3�mt −
β(t) J = (J1, J2, . . . , Jn)T ∈ Rn¥´�mt�	ÜÑ\�þ¶β(t) ≥ 0�DÑò´¶f(x(t)) =

{f1(x1(t)), f2(x2(t)), . . . , fn(xn(t))}T ∈ RnL« ²�äXÚ�-¹¼ê"

3�e5�Ù!¥§·�ò�ïLyapunov¼ê§ÏLV\g·A��ì§¢yXÚ1.3ÚX

Ú2.1�g·AÓÚ"��§ÏL���~`²
nØ(J�k�5"

2. Ì�(Ø

�
ïÄÌXÚ1.3§·��ElXÚ�µ

ẏ(t) = −C(t)y(t) +A(t)f(y(t)) +B(t)

∫ t

t−β(t)
f(y(s))ds+ J(t) + ε(y(t)− x(t)). (2.1)

Ù¥§C(t), A(t), B(t)©O´'uC,A,B31.3 þ�CþXêëê¶ε´��ì"·��e(t) =

y(t) − x(t)�ÓÚØ�"@o§e(t)´l1.3�2.1�Ø�Ä�XÚ"·�b�-¹¼êfi(x)÷

v(A1)huo(A2):

(A1)µéuz�-¹¼êfj§�3kj > 0§¦e�Ø�ª¤á§

|fj(x1)− fj(x2)| ≤ kj |x1 − x2|, j = 1, 2, . . . , n.

(A∗1)µéuz�-¹¼êfj§�3kj > 0§¦�e�Ø�ª¤á§

0 ≤ fj(x1)− fj(x2)
x1 − x2

≤ kj , j = 1, 2, . . . , n.

XJ÷v(A1)½(A∗1)§·��ε, ĉi, âij , b̂ij(i = 1, 2, . . . , n) ÷v±e^�µ

ε̇i = −δie2i (t) exp(µt),

˙̂ci = γiei(t)yi(t) exp(µt),

˙̂aij = −ηijei(t)fj(yj(t)) exp(µt),

˙̂
bij = −ρijei(t)

∫ t

t−β(t)
fj(yj(s))ds exp(µt),
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Ù¥§e(t) = y(t)− x(t)(i = 1, 2, . . . , n), µ ≥ 0´��é��~ê§δi, γi, ηij , ρij´?¿�~ê"·

��r1, r2 ∈ [0, 1]��½~ê§¿�

hi =
1

2

n∑
j=1

(aijk
2r1
j + ajik

2(1−r1)
i ) +

β

2

n∑
j=1

(bijk
2r1
j + bjik

2(1−r1)
i ),

XJðkØ�ª−ci − li + µ
2

+ hi < 0¤á§Ù¥li��½�~ê"@o§�±¢y1.3Ú2.1�ÓÚ§

¿�

lim
t→+∞

(ci − ĉi) = lim
t→+∞

(aij − âij) = lim
t→+∞

(bij − b̂ij) = 0, i, j = 1, 2, · · · , n.

ÏL1.3Ú2.1§·��±��Xe�Ø�XÚµ·��E��Lyapunov-krasovskii¼êXe§

V (t) =
1

2

n∑
i=1

{e2i (t) exp(µt) +
1

γi
(ĉi − ci)2 +

n∑
j=1

1

ηij
(âij − aij)2 +

1

δi
(εi + li)

2 +
n∑
j=1

1

ρij
(b̂ij − bij)2}.

(2.2)

,�§O�2.2��ê±9Ø�XÚe(t)§

V̇ (t) =
n∑
i=1

{ei(t) exp(µt)ėi(t) +
µ

2
e2i (t) exp(µt) +

1

γi
(ĉi − ci) ˙̂ci +

n∑
j=1

1

ηij
(âij − aij) ˙̂aij

+
1

δi
(εi + li)ε̇i +

n∑
j=1

1

ρij
(b̂ij − bij)˙̂

bij}

= exp(µt)

n∑
i=1

{(−ci − li +
µ

2
)e2i (t) +

n∑
j=1

aijei(t)f̃j(ej(t)) +

n∑
j=1

bijei(t)

∫ t

t−β(t)
f̃j(ej(s))ds}.

(2.3)

d^�(A1)§·��±��

|f̃j(ej(t))| = |fj(yj(t))− fj(xj(t))| ≤ kj |yj(t)− xj(t)| = kj |ej(t)|,

@o

V̇ (t) ≤ exp(µt)

n∑
i=1

{(−ci − li +
µ

2
)e2i (t) +

n∑
j=1

|aijei(t)f̃j(ej(t))|+
n∑
j=1

|bijei(t)
∫ t

t−β(t)
f̃j(ej(s))ds|}.

(2.4)

5¿�

|kjei(t)ej(t)| ≤
1

2
(k2r1j e2i (t) + k

2(1−r1)
j e2j(t)),
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Ïd

V̇ (t) ≤ exp(µt)
n∑
i=1

(−ci − li +
µ

2
+ hi)e

2
i (t)

≤ 0.

w,V̇ (t) = 0§��=�e(t) = 0�"ù¿�X8ÜF = {e(t) = 0, ε = ε0|e(t), ε ∈ Rn×n} ´�¹
�t→∞�§V̇ = 0���ØC8"Ïd§�âÍ¶�oäÊìÅ­½5�n§XÚ(3)�;�ìC

Âñu8ÜF"Ïd§�t → ∞�§ke → 0¿�ĉi, âij , b̂ij → ε0"�dÓ�§ëêĉi, âij , b̂ij�òì

C/ªCuci, aij , bij [12–16]"y..

3. ê��[

3�!¥§·�ÏL��ê��[�~f5Øy·��(Ø"

~3.1

�Ä±e�k�¢È©�� ²�ä§

ẋi(t) = −cixi(t) +

n∑
j=1

aijfj(xj(t)) +

n∑
j=1

bij

∫ t

t−β(t)
fj(xj(s))ds, (3.1)

Ù¥i = 1, 2§¿�k

C =

(
1 0

0 1

)
, A =

(
2 0.17

−5 3

)
, B =

(
−1.5 −0.1

−0.2 −2.5

)
.

�k�¢È©�� ²�ä3.1LyÑ·b1�§�Ð©�x1(t) = −0.01, x2(t) = 0.01, t ∈ [0, 1]"

lXÚµ

ẏi(t) = −ĉiyi(t) +

n∑
j=1

âijfj(yj(t)) +

n∑
j=1

b̂ij

∫ t

t−β(t)
fj(yj(s))ds+ εi(yi(t)− xi(t)). (3.2)

�e5§·�ò�yÌ�IO�´^5Úk�5"�
{üå�§·��(½
o�ë

êa11a22b11Úb22"��Bå�§·�ò§�©OL«�a1, a2, b1Úb2"�
|^®k�Ì�(J§

·�I��E�"rÝ2Ì�5ÆÚëêg·A5Æ§

ȧ1 = −9.22(y3 − y1) tanh(y1) exp(0.0065),

ȧ2 = −0.8(y4 − y2) tanh(y2) exp(0.0065),

ḃ1 = −9.0(y3 − y1)y15 exp(0.0065),

ḃ2 = −1.6(y4 − y2)y16 exp(0.0065),

ε̇1 = −1.52(y3 − y1)2 exp(0.0065),

ε̇2 = −1.52(y4 − y2)2 exp(0.0065),
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·��Ð©^�Xeµ

a1(0) = −0.2; a2(0) = 4.5;

b1(0) = −0.02; b2(0) = 0.8;

ε1(0) = −0.1; ε2(0) = −0.1.

dê��ý(JL²§TXÚU
¤õ¢yg·AÓÚÚëêE£(�ã 1)"

Figure 1. Robust synchronization of FCNN with delays
(3.1) and controlled slave system (3.2).

ã 1. �ò´��FCNN°�ÓÚ(3.1) ÚlXÚ(3.2)

Figure 2. Evolution of synchronization errors e1(t), e2(t),
asymptotically achieve to 0.

ã 2. ÓÚØ�e1(t), e2(t)ªu0"

Ó�/§ÏL�E�"rÝ2Ì�5ÆÚëêg·A5Æ§ÀJÜ·�Ð©^�"·��±

xaq�ãL§Xã 2¤«§¤±·��Ñ§�"

DOI: 10.12677/aam.2022.119723 6832 A^êÆ?Ð

https://doi.org/10.12677/aam.2022.119723


H#�§4�)

ë�©z

[1] Chua, L.O. and Yang, L. (1988) Cellular Neural Networks: Theory. IEEE Transactions on

Circuits and Systems, 35, 1257-1272. https://doi.org/10.1109/31.7600

[2] Chua, L.O. and Roska, T. (1990) Stability of a Class of Nonreciprocal Cellular Neural Networks.

IEEE Transactions on Circuits and Systems, 37, 1520-1527.

https://doi.org/10.1109/31.101272

[3] Zhou, Y., Li, C., Chen, L. and Huang, T. (2018) Global Exponential Stability of Memristive

Cohen-Grossberg Neural Networks with Mixed Delays and Impulse Time Window. Neurocom-

puting, 275, 2384-2391. https://doi.org/10.1016/j.neucom.2017.11.011

[4] Huang, Y., Qiu, S., Ren, S. and Zheng, Z. (2018) Fixed-Time Synchronization of Coupled

Cohen-Grossberg Neural Networks with and without Parameter Uncertainties. Neurocomput-

ing, 315, 157-168. https://doi.org/10.1016/j.neucom.2018.07.013

[5] Wang, X., Fang, J. and Zhou, W. (2019) Controller Design for Fixed-Time Synchronization of

Nonlinear Coupled Cohen-Grossberg Neural Networks with Switching Parameters and Time-

Varying Delays Based on Synchronization Dynamics Analysis. Nonlinear Dynamics, 98, 2079-

2096. https://doi.org/10.1007/s11071-019-05309-7

[6] Chen, W., Huang, Y. and Ren, S. (2018) Passivity and Robust Passivity of Delayed Cohen

Grossberg Neural Networks with and without Reaction-Diffusion Terms. Circuits, Systems,

and Signal Processing, 37, 2772-2804. https://doi.org/10.1007/s00034-017-0693-4

[7] Wan, Y., Cao, J., Wen, G. and Yu, W. (2016) Robust Fixed-Time Synchronization of Delayed

Cohen-Grossberg Neural Networks. Neural Networks, 73, 86-94.

https://doi.org/10.1016/j.neunet.2015.10.009

[8] Zhou, Y., Li, C., Chen, L. and Huang, T. (2018) Global Exponential Stability of Memristive

Cohen-Grossberg Neural Networks with Mixed Delays and Impulse Time Window. Neurocom-

puting, 275, 2384-2391. https://doi.org/10.1016/j.neucom.2017.11.011

[9] Xiao, J., Zeng, Z., Wu, A. and Wen, S. (2020) Fixed-Time Synchronization of Delayed Cohen

Grossberg Neural Networks Based on a Novel Sliding Mode. Neural Networks, 128, 1-12.

https://doi.org/10.1016/j.neunet.2020.04.020

[10] Chen, W., Huang, Y. and Ren, S. (2018) Passivity and Synchronization of Coupled Reac-

tion Diffusion Cohen-Grossberg Neural Networks with State Coupling and Spatial Diffusion

Coupling. Neurocomputing, 275, 1208-1218. https://doi.org/10.1016/j.neucom.2017.09.063

[11] Wang, X., Fang, J. and Zhou, W. (2020) Fixed-Time Synchronization Control for a Class of

Nonlinear Coupled Cohen-Grossberg Neural Networks from Synchronization Dynamics View-

point. Neurocomputing, 400, 371-380. https://doi.org/10.1016/j.neucom.2020.02.111

DOI: 10.12677/aam.2022.119723 6833 A^êÆ?Ð

https://doi.org/10.1109/31.7600
https://doi.org/10.1109/31.101272
https://doi.org/10.1016/j.neucom.2017.11.011
https://doi.org/10.1016/j.neucom.2018.07.013
https://doi.org/10.1007/s11071-019-05309-7
https://doi.org/10.1007/s00034-017-0693-4
https://doi.org/10.1016/j.neunet.2015.10.009
https://doi.org/10.1016/j.neucom.2017.11.011
https://doi.org/10.1016/j.neunet.2020.04.020
https://doi.org/10.1016/j.neucom.2017.09.063
https://doi.org/10.1016/j.neucom.2020.02.111
https://doi.org/10.12677/aam.2022.119723


H#�§4�)

[12] Liu, X., Wu, K. and Zhang, W. (2020) Intermittent Boundary Stabilization of Stochastic

Reaction-Diffusion Cohen-Grossberg Neural Networks. Neural Networks, 131, 1-13.

https://doi.org/10.1016/j.neunet.2020.07.019

[13] Qiu, S., Huang, Y. and Ren, S. (2018) Finite-Time Synchronization of Coupled Cohen Gross-

berg Neural Networks with and without Coupling Delays. Journal of The Franklin Institute,

355, 4379-4403. https://doi.org/10.1016/j.jfranklin.2018.04.023

[14] Ali, M., Saravanan, S. and Palanisamy, L. (2019) Stochastic Finite-Time Stability of Reaction

Diffusion Cohen-Grossberg Neural Networks with Time-Varying Delays. Chinese Journal of

Physics, 57, 314-328. https://doi.org/10.1016/j.cjph.2018.09.039

[15] Wang, D., Huang, L., Tang, L. and Zhuang, J. (2018) Generalized Pinning Synchronization of

Delayed Cohen-Grossberg Neural Networks with Discontinuous Activations. Neural Networks,

104, 80-92. https://doi.org/10.1016/j.neunet.2018.04.006

[16] Ren, F., Jiang, M., Xu, H. and Li, M. (2020) Quasi Fixed-Time Synchronization of Memristive

Cohen-Grossberg Neural Networks with Reaction-Diffusion. Neurocomputing, 415, 74-83.

https://doi.org/10.1016/j.neucom.2020.07.071

DOI: 10.12677/aam.2022.119723 6834 A^êÆ?Ð

https://doi.org/10.1016/j.neunet.2020.07.019
https://doi.org/10.1016/j.jfranklin.2018.04.023
https://doi.org/10.1016/j.cjph.2018.09.039
https://doi.org/10.1016/j.neunet.2018.04.006
https://doi.org/10.1016/j.neucom.2020.07.071
https://doi.org/10.12677/aam.2022.119723

	1 模型描述及预备知识
	2 主要结论
	3 数值模拟

