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Abstract

In this paper, the global asymptotic synchronization of a class of BAM neural networks with time
delays is considered. By using the Lyapunov functionals and analytical methods, two sufficient
criteria are given to ensure the global asymptotic synchronization of our system. To some extent,
the present results are more feasible than the main reference in this paper.

WESIH: . —5H BAM A2 W4 1) 4 Rl [ ). B $ERE R, 2020, 9(11): 2075-2081.
DOI: 10.12677/aam.2020.911240


http://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2020.911240
https://doi.org/10.12677/aam.2020.911240
http://www.hanspub.org

it

Keywords

BAM Neural Network, Time Delays, Global Asymptotic Synchronization, Lyapunov Functionals

Copyright © 2020 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

PREE W2 8 — R EE TRV EDI M A R B I BCEARE A, BT BT SEL A Wi & R et A7 F Ak
HAE B IITHAE[1]. BAM M ML Y —BATE2. 7. BEAEThAE AL IZ M E M %%, &2t
Kosko 7£ 1987 £E 1 AR HIFHE T A B R [2] [3]. IXBILEMKEHEX-E, Y-2)IEL &
BRI 2% DL — 2 BT R R, B X2 B Z 0N Y-E M A e e e 1%, [F— ZRE e B AR
fEfIERE[1]. HT BAM #ZE M4 A (5 BIBARCAZ A AZ DU [ X I RE 77, X AR I 2 s F 1) T
W2, WEIEAE S A E (4], BARISIZS]. BCIRAI[6]. FBEEHI[7]. Ssthib vl @815 . 4k,
T4 22 W 26 RGUAEAT T AR )4 i 78 v 2 ml i o A PE RS 5, DR, B 70 5L B s () A 42 )
BTN Z R X[9]-[15].

TERT TN 20 I 28 B A AR M T T, AR I ASUE ME — B AR RS, BN B K& 3 92 br
FH A i G R R TSP L A RS X AR IR 55 [9]. TEAZ B E N Fae R 7 b, 3R
ANERER], Wk R BER T RS )12 KE[10]-[15]. A% REERL I T, ML 24815
[10]. B ERME[11]. BURAE[12)82 48 7 Ew S AL, 1 B X SEah Rl th g B, JT8E, LTI
it BAM #1248 RGE10 A5 1) RRATE 75, M8 02 & I F Lyapunov V2 5R, 45 & 28 PR AE MR AN 20 (LMID)
R ANEE R 13] [14], BE HE BRI B 5 E[15]0 1X B, JRATVER BE 22, SCRR[14]7% FE T I i BAM
PR X 2% ¢

xiy(t)z_aixi(t)_i_zrfl—laijf'( '(t))+z;l1pijfj (yj (t_Tji))+[i’
V() =83, (0)+ T b, (5 (0)+ X a8 (5 (1= 7))+ (b

i:172’...7n;‘j :1727...7

LB RIS R 4t
! (0) ==, (0)+ 7,0, (v () + 7w f (v, (1= 7))+ 1+ B >
V() =B, () + b (0)+ X, (w (1-7,)) 7,40, (1.2)

i=1,27"'an;_] —1,2,"‘,

. B, FRMAT RN R ERE AR, [, ¢ BRMATNMREL: %5 a, .
Py by g, BT i AETERIE j AL 2 1A MR S G ERUE): 7,0 7, RATWESEG 1,
RSB (1), v, () Fu () v, (k) S BIEET ¢ AT R AR

SR LDV RS, (LDMAMBLRS: B(1). O,(r) Wb, T Sous) &
Yo RN 2 5600 4 RMTE 125 . A T 34N 1, SCRR(14)31 N 7 4 44

DOI: 10.12677/aam.2020.911240 2076 IR Esid


https://doi.org/10.12677/aam.2020.911240
http://creativecommons.org/licenses/by/4.0/

ZEHife

(HO) max{ ,b’j}<max{ }<0.

M2, FATHEE R, RESEERAHO)LRKEN T, REQHMA)NREREHEFEE? K2R
SCHVBHE BN . FATRIL, A5 SCHRIO] (14109771, XA AT DAAS 21+ 2 1 812

T, WAMRK

H1) f;+ g WRESERE, HEAEFERERF . 6, ANV 0,0, eR, i=12,,n,
j=12m, A

|f/ (@)= 1, (w2)| <F o -ol, |gl- (@0)-g (w2)| <G o -,
(H2)
7= ., min {—a[ + 206 ([ba] +a,]) -8+ X0 F, (|“/|+|p»|)} >

1<i<n,1<j<m
M= min {ai,ﬂj} >0

1<i<n,1<j<m

A= min (5" (o] +[a,)) =20 (o |+ |p,]) 7 }

THEBATH (x(£),0(¢)« (u(2),v(2)) 5 BIFTR R G DFI(L.2)HIf
SEX 1 [14] HRFQD) AT EM (x(2), (1)) FURGEA2)MAT AR (e (2),v(1)) W5 2
11m|u - X, (t)| =0

limv, ()=, (1)) =0
WA ARG (1.)FI(1.2) 4 KT FE .
2. XESGL
e, (1)=u,(t)-x,(t)» r,(t)=v,(t)=p;(t), WM
e/(t)=—ae, (1)+ X" a; [ £ (v, (1)~ 1,
+Z, 2l (v (=7) - f(yj
()=~ () + X b [ & (u t)g(X(t)
+Zi:1qji|:gi(ul.(t (t-7,))
i=1,2,,m/=1,2,,m
TR, RGO R4 RENL FEE A, ST
lim e(2),7(¢)) = (0,0)

FEE s BEAFHDMHRL, P(1)=(B(1).B (1), P (1)) » 0(t)=(0 (1).0,(t),.0, (1))
iﬁi/@:

)
] 2.1)
)]

() + X7.[0, (s)ds <o (22)

MRS )FI(1.2) 4 R ED, 8]
11m|u —X, (t)| =0,

t—>©

DOI: 10.12677/aam.2020.911240 2077 IR Esid


https://doi.org/10.12677/aam.2020.911240

it

lim|v, (1)-, (1) =0.
WEW: B, HET(2.1), FATE WK Lyapunov ALV [e,r](1): R > R
Vler)(t) =20 e(0)+ X ()
D30 3A 1 At <s))—f (3, ()
S0 I | g ))—g (% ( dS‘
K, RAVECREY [e,r](c) AV (1) - WHERGQDINE, ¥ (0) KA - SHCH:
D'V ()= X sene (1) -ae (1) + 7o, [ £, (v, (1)~ 1, (v, (1))
X010 m) =, =) 2 0)
+ 27 senr (=7, (0)+ 200, [ (1 (0) -2 (% (1))
+ 300, e (0 (-7)) e (4 -7) J+ 0, (1)
MR [VACHO) EVACAD) , ,
LYY lq, [z (1) -2 <r>>|—\g,.(u,<t—z,>)—gi(xf(r—a))
<X [-ale (01 X7l + o)) (
+z:;[—ﬂj Iy (O 2+l
I AG ESIRAG!
2 (H 1) AI(H2) A &1
Dy (0)< X[ e+ 27,6 (b +]a,]) Je (1)
+X7[8 4 0 F o+ ) ]I 0)

SN—
:
—~
~
S—
S—
|
%9
—~
Cl
—
~
N—
S
[

2.3)
+XLIR O+ ET[0 (1)
<=n(ZLfe @+ 7l @)+ 2RO ET [ ()
T, WAERQ23)HILM 0 B ¢ #1531] AAS E
(O)+n[ 30 e () + 2| ()]ds <V (0)+ [ 30 [R () + 27 |0, (5)|ds (2.4)
ERBXQ2)MY(0) A 7L, BIAERQHEH:
[ Xl ()] + Xl ()]s <o @5)

V() ZEX 7 [0,00) |45 5
Mﬁem F (=120 = 1,2, m) FEIXTL[0,00) £ 500 FEHIQ.1)s 22T R e, (1), () HIFHLAEX
11[0,00) 5, FTELERSC e, (¢), r, (¢) TEIK 11 [0,00) bRt Wb, FIRIFAQ.S), RAIE

11m|e | = }H&'”t (1)-x, (t)| =0

t—o

DOI: 10.12677/aam.2020.911240 2078 IR Esid


https://doi.org/10.12677/aam.2020.911240

ZEHife

11m| | 11m| y/()| 0

> 1—>©

Bl, RGA.D)A(1.2)4 BEHLEL . EE.
THEANERE
Pl.(t)z/lsgnel.(t)|el. (t)|, 26
0, (t)=Asgnr, (1)|r; (¢)
B, RG24 RETHE R AT N .
SEF 2. BiEMHED. H2)FAI(2.6)85L, M ARG D)A(1.2) %/ L .
UER: (7R RE 1 B, FRATTE L Lyapunov BRELV [e,r](1): R 5> R

Vier](t)=2L e(f) 2 ,(f)

Jj= l

+ Z/:l 21’:1 |qjt‘ (-7,

|m

W, V()% REQ DA ESEN
DV (1)= X sene (1) e, (0)+ T a, [ 1, (v, ()= 1, (3, ()]
DAV A >> f<y,< )]+ 20)
+ 3 senr ({7, (1 [g (1)) =&, (%, (1))
+ Xl (u (0 ,)g )]+, )
2 Z,1|pf|F[ I ()] =1 (¢ )]
30 20,6 e (0]-[e (-7
<3 el (0] + X0 F ] r| N+ Pl F | (=7, B (0)sene (o)
w20 B O+ 20| Gl (0] + X, G e (¢ 70 )|+ 0, (1)senr, (1)
IR AG rr)ﬂ

.7)

£33 a6 (0] (¢ H
<¥i. [l | z, (AR EE sgne(ﬂ
S WE A0 RS (A ol sgnr (1)

FIH2.6)f1(H2), BEAZER(Q2.7)H
DV ()< {mele ([ X7l #laul) G e (O] Ales ()] ]
- ZT:I{‘/}./' Jr (6)]+ [z:lzlqaff [+l |7 (1) + Al (’)H} (2.8)
s-y[z:;Jei OWAG)
XAZERQQPILM 0 2] ¢ 7,

DOI: 10.12677/aam.2020.911240 2079 IR Esid


https://doi.org/10.12677/aam.2020.911240

it

V() mf e () + X0 () as <7 (0)
(T v (0) AT JRI, WA (1) FEIX 1 [0,00) EATFLELR AR [0 Jo ()] + T (s)|ds <0 o & F 0

IR E R 1, RERNTE

0

1im|el. (t)| = 1im|ui (1)-x, (t)|

t—>o t—o

}ijﬂrj (t)| = }ljﬂ"/ (6)-v, (t)| =0
R
3. i
KFRG.DHM(1.2), &
a,=6,0,=3,8=6p,=31=81,=-6J=-5J,=11,=7,=1

eV —e™ eV —e™”
ew_{_efw’ gl(w):gZ(W):ew+e

(@)(03 ou) 0= g5 ) @)=(os 3] e)=(7 5

M}, (H)FIH2)FF 5 Bk ikl

+2

fi(w)= 1o (w)=2:

—w

F=F=2, G=G,=1, 1=-42
AR G(1.2)H4E ] &8

{E (1)=-4.2sgne, (t)|e,. (t)|’
Q,(t)=-42sgnr, (t)|rj (t)|

ATDASGE, 7E Bl BEESECT, KRG DA.2) A 2 SCHR[14] 2 A1HO0), (H ST 2 H 2, M
ZO(1. D2 &/ F . R R IR 7RIS L 1):

—x,(0
== u(h)
— x,(f)
— ()
| »®
3— % Sl--- v()
BAU]
v, (1)

Figure 1. Curves of the x[(t), yj(t), u[(t), v/.(k)
& 1. xi(t), yj(t)’ u,.(t), Vi k) ik

B oW
TR A A A SR P BB R I R R SRR A S S AR R 4R T

DOI: 10.12677/aam.2020.911240 2080 IR Esid


https://doi.org/10.12677/aam.2020.911240

ZEHife

SE

(1]
(2]

(3]

[10]

[11]

[13]

[14]

[15]

et LML M]. JbE: B2, 2017: 1-166.

Kosko, B. (1987) Adaptive Bidirectional Associative Memories. Applied Optics, 26, 4947-4960.
https://doi.org/10.1364/A0.26.004947

Kosko, B. (1988) Bidirectional Associative Memories. IEEE Transactions on Systems, Man and Cybernetics, 18, 49-60.
https://doi.org/10.1109/21.87054

Gu, H., Jiang, H. and Teng, Z. (2009) BAM-Type Impulsive Neural Networks with Time-Varying Delays. Nonlinear
Analysis: Real World Applications, 10, 3059-3072. https://doi.org/10.1016/j.nonrwa.2008.10.039

Tan, Z. and Ali, M.K. (2001) Associative Memory Using Synchronization in a Chaotic Neural Network. International
Journal of Modern Physics C, 12, 19-29. https://doi.org/10.1142/S0129183101001407

Carpenter, G.A. (1989) Neural Network Models for Pattern Recognition and Associative Memory. Neural Networks, 2,
243-257. https://doi.org/10.1016/0893-6080(89)90035-X

Li, C., Liao, X. and Zhang, R. (2005) Delay-Dependent Exponential Stability Analysis of Bi-Directional Associative
Memory Neural Networks with Time Delay: An LMI Approach. Chaos, Solitons & Fractals, 24, 1119-1134.
https://doi.org/10.1016/j.chaos.2004.09.052

Zeng, Z., Huang, D.S. and Wang, Z. (2008) Pattern Memory Analysis Based on Stability Theory of Cellular Neural
Networks. Applied Mathematical Modelling, 32, 112-121. https://doi.org/10.1016/j.apm.2006.11.010

Rao, V.S.H. and Rao, P.R.S. (2018) Time Varying Stimulations in Simple Neural Networks and Convergence to De-
sired Outputs. Differential Equations and Dynamical Systems, 26, 81-104. https://doi.org/10.1007/s12591-016-0312-z

Alimi, A.M., Aouiti, C. and Assali, E.A. (2019) Finite-Time and Fixed-Time Synchronization of a Class of Inertial
Neural Networks with Multi-Proportional Delays and Its Application to Secure Communication. Neurocomputing, 332,
29-43. https://doi.org/10.1016/j.neucom.2018.11.020

Guo, Z., Yang, S. and Wang (2014) Global Exponential Synchronization of Multiple Memristive Neural Networks
with Time Delay via Nonlinear Coupling. [EEE Transactions on Neural Networks and Learning Systems, 26,
1300-1311. https://doi.org/10.1109/TNNLS.2014.2354432

Prakash, M., Balasubramaniam, P. and Lakshmanan, S. (2016) Synchronization of Markovian Jumping Inertial Neural
Networks and Its Applications in Image Encryption. Neural Networks, 83, 86-93.
https://doi.org/10.1016/j.neunet.2016.07.001

Mathiyalagan, K., Park, J.H. and Sakthivel, R. (2015) Synchronization for Delayed Memristive BAM Neural Networks
Using Impulsive Control with Random Nonlinearities. Applied Mathematics and Computation, 259, 967-979.
https://doi.org/10.1016/j.amc.2015.03.022

Lin, F. and Zhang, Z. (2020) Global Asymptotic Synchronization of a Class of BAM Neural Networks with Time De-
lays via Integrating Inequality Techniques. Journal of Systems Science and Complexity, 33, 366-382.
https://doi.org/10.1007/s11424-019-8121-4

Li, Y. and Li, C. (2016) Matrix Measure Strategies for Stabilization and Synchronization of Delayed BAM Neural
Networks. Nonlinear Dynamics, 84, 1759-1770. https://doi.org/10.1007/s11071-016-2603-x

DOI: 10.12677/aam.2020.911240 2081 IR Esid


https://doi.org/10.12677/aam.2020.911240
https://doi.org/10.1364/AO.26.004947
https://doi.org/10.1109/21.87054
https://doi.org/10.1016/j.nonrwa.2008.10.039
https://doi.org/10.1142/S0129183101001407
https://doi.org/10.1016/0893-6080(89)90035-X
https://doi.org/10.1016/j.chaos.2004.09.052
https://doi.org/10.1016/j.apm.2006.11.010
https://doi.org/10.1007/s12591-016-0312-z
https://doi.org/10.1016/j.neucom.2018.11.020
https://doi.org/10.1109/TNNLS.2014.2354432
https://doi.org/10.1016/j.neunet.2016.07.001
https://doi.org/10.1016/j.amc.2015.03.022
https://doi.org/10.1007/s11424-019-8121-4
https://doi.org/10.1007/s11071-016-2603-x

	一类时滞BAM神经网络的全局渐近同步
	摘  要
	关键词
	Global Asymptotic Synchronization for a Class of BAM Neural Networks with Time Delays
	Abstract
	Keywords
	1. 引言
	2. 主要结论
	3. 例题
	致  谢
	参考文献

