2016 4 11 A FRITEAFFWMCE AR FHO Nov. 2016
#33% ®6H Journal of Chongqing Normal University (Natural Science) Vol. 33 No. 6

DOI:10. 11721 /cqnuj20160624

— RS HH BAM #2Z M &1 Mittag-Leffler EM

?’J‘*i“‘h"l ’ i'] igz ’ J%_BH 7\2
(. A TR B ; 20 RS RSB A, WA Ma 264001

TE A ENrE— MR E AR BN SR XER, % T 2% 0 BAM # £ W 4 6 Mittag-Leffler 2 ¥, 564 H T
AR M A R BRI S AR T Ak BRI

KR 0 B s 2 K % s Mittag-Leffler; £ &

B4 %8 .0241. 8; TP182 XERARERD A XEHE1672-6693(2016)06-0054-04

H M 1987 4E, Kosko & H T BAM #fi 5 [ 45 00

d(;{lt‘i:7Cixi+zﬂl’ffj(yf)+l“i:1’2""9p

< ’ (D
dy. p .
dt] =—b;y; + Enug,(\r[) F T, =12, 1g

X T BAM 28 [0 268 K500 14 27 AR W FE i A0 DR L G o AR BAME ol 2 (0 28 100 B AL BAML i 238 9 265 A58
YL A BAM i 25 ) 26 B0 L0 I8 3 JUAF SR AR 3X J5 T BB FE st D3 4, B 43 B it oy O R 5 e M B e
B 2 T O 20 B o i 25 ) 4 A UL AR 2009 4E 8% Arefeh Boroomand, Mohammad F1 Menha 8 1< Fl Fi T S A% Ha,
o 25 R — M A AR 0 T R A Ok

iduIl: ‘r{—’—ZTﬁg‘j(l‘j)_’_Ii’i:1’2’”"n’o<a<17 (2)
dee Ri ji=1
ﬁnp,ddﬁ'ﬁ Caputo BIAMSUH S, 7EIIERE F L 7% 32— 50800 BAM i 22 19 4 Bl

d'x; , :

e Gt +20mf )+ L
i=1 9i:1329""n0 (3)

dd.zil :_[)Iy; -+ anfgj(l‘j) +J:
=1

MR8 T %R R i T 7040 2 1
1 F&5niR

EX 18 X T o € R, EEL £ W3 B Caputo S5 D f () & XA

qu(T) :]m*af‘(m) (1‘) , (4)
o om=La+1, J7f () =%ﬁ)] (o= 07 ey § 0, KRE TC+ ) THREGH DD = | o edr
0 0

MR 1 DC=0,XH CRHHEE.
MR 2 D (uf () +vg(0))=uD f () +vDg (), b pov %L,
FE X 2" Mittag-Leffler AL E, (=) 5 WS EIE XA Mittag-Lelfler PR 52 LUTF .

xRS EH:2016-01-06 &= H#9:2016-03-03 [ %% H KR R 18] : 2016-11-02  13:25
FENTA : 1R A F AR 4 (No. ZR2014AMO006)
TEHE BN ML AT T B G o  BF ST 5 0 4 LR B 48 2% » E-mail : sxs163@163. com
M £& H AR 3k - http://www. enki. net/kems/detail/50. 1165. N. 20161102, 1325. 014. html



%6 IR B LS — k5B BAM # £ K & B Mittag-Leffler 4 & 14 55

E ()= ya >0, z€ C, (5

— I'(Cka + 1)
2t
E,;,(2) = LZ(])F(/e +‘8),a>0,ﬂ>0,zéco (6)
Hﬂ%)‘(ﬁ%’Ea(z):En.l(z)7#E E. (2)=¢",
BB R

dx

= f(t,x(t))
de T o, %)
.T(t()):xlo

BN 3 Hax=0RFAZDOMPEHL, 2@ |[<[m(x, D E (—AG¢—1,)) ] HH 21=>0,6=>0,m(0) =0,
m(x)=0, ‘m(rz —m(xy) ‘<m0 ‘Ia*f]‘ NFR R G (7) W)l & Mittag-Leffler 2 € H1Y .
B3 109 BRGE(DOH fG.ao) R TA %x(ﬁﬁ}illp%chltz A W ZRGE (T A TEME— i

5138 20 V() N[0, +oo) FRYELE KA. B e DV () <<oV (), Hd 0<<a<<{1.,0 HELN V()<
VOE, (6t%) st=0.
2 FEEHZER
Z AN FIE A9 20 B BAM fif 28 /9 25 45 1
(i;’f = —Cx+MF(y)+I
) . 0<<a<1, (8)
ity——ﬂy+NG<x>+J

Hr,x= (a1 a0, s y=(yisyossy) T BRMPAEITTHPIRE AL 1 ;C=diag[ci scos0hc, |7, B=diag[b,,
by s b, 15 ¢ vb; >0 FRIORMGTC A AT s ML, N BT EI B BIRAERE  I= (1, s Lo s L) =T s Jo sy J D7
h F A E IR B R F OO =1 (x1) s fo(x)sea ()]G =g (1) v go () soeen g, () 1" BTG
PREL, H £.(0)=0.g,(0)=0,
W (x,,y.) 2 QWM 2 x=x—x,,y=y—y., Wit V528 4 5 Al 45 3 AH R 5758 R4
d* x

N , 0<<a<<l, (D)
dd[y =—By+NG(x)

K F(3)=F(p) —F(3,).G(H)=G(x) —Gx.) TR AB TS A5 R 55 (9) 119~ "8 W Wil R 55 (9)
TS

& =—Cx+MF(y)
, 0<a<l1, (10)
(jit =—By+NG(x)

B R4 (8) - 45 (x, » y.) B Mittag-Leffler fa g, R UEB R 48 P 45 (2, v) = (0,0) Y Mittag-Lef-
fler B g MERD T,

BB HRGAOW L

(H) £, g; (433 B Lipschitz % 80N u, v, B9 Lipschitz 2545

(H,) A>;¢,ﬁqﬂA:min{ci,b,},y:max{z |m;; \u{,z | nj; \vi} s (e, y) =(0,0) /&= R G (10) ) Mittag-
j=1 j=1

Leffler $8 % - i 45,
Mz, ()>0, \NimiF D* ‘1}(1‘) ‘ =Dz, () ; 75 x;(0)<<0, M| x, ()<<0, \NTiAH D° ‘.I,-(t) ‘ =D (—x;())=—Dx; (D)



56 FERFREAFFHREAZRFH  htp://www. cqgnuj. cn % 33 %

WD | 2 (o) | =sgn(ax, () Dz, (1), [FFAE,D* |y, () | =sgn(y, ())Dy, (1),

Hxs T A REL V(O =D [ 2. (0 Voo =D |y, o |, W B (HD L (HO) 5
i=1 ji=1

DV, () :D“(i EAOINE ED“
i=1

i=1

() | = D) sgnla, (D)YDz, (1) =
=1
ZSgnui(z))(—c,x,-(z) + Zm,jfj(y,-(t))) < 2(—5[ |2, () |+ 2 Ly Ju; |y, (0 ) =

—Zc\l (z)HZZ\m L, | v, () |=— Zc\l(nHZZ\m lu, |y (O] . (10)

i=1 j=1 i=1 j=1

2 bl Hh
DV, () :D“(E [y @)= DDy, () | = D sgn(y, (D)Dy, (1) =
i=1 i=1 i=1
ngn<yi<z>><—biy,<z> + Zn,jgjuj(f))) < E(—bi |y () |+ Z |0y |0, |2, () ) =
—Eb y<t>\+22\n v, |z, (0) |=— Zb \y<z>\+22\n EAEROIF (12)
i=1 j=1 i=1 j=1
LINI]

n

D (Vi () + V() < D) —c |z <t>\+22\m u, \y<t>\+2—b U(r)HZE\n o, |2 (0 | <

i=1 i=1 j=1 i=1 j=1

A (o |+ \yi(t)\)+/x2(\xi(t) 4 |y (O ]) =2 +p)2(‘17;(t) 4 |y ] =
i=1 i=1 i=1

(— A+ WV, )+ V), (11)
MBI 2 £5 .V, (0 +V, (O<(V, (00 +V, (0D E, ((—A+0 1), Hl
20U @ [+ [y [ < (20 a0 [+ [ 30 D) E. (=2 + e, (12)
i=1 i=1
FELL, (x,y)=(0,0) 5= R %5 (10) Mittag-Leffler 2 5E B P4 14, E 5

3 XHAE
HERG 10 TEHAT S48
(2. 1 0 ) {1. 8 0 j (O. 3 0. 4] [O. 1 0. 3]
a=0. 89C: 7B: 9M: 9N: °
0 1.7 0 2.4 0.2 0.4 0.4 0.2
#EI F(y) = [arctany, ,arctany, ] .G (x) = [arctanz, ,arctanx, | W R4 (10) 7 & & B &4, L% &R 56 60 F 45 5

(x,y)=(0,0) /2 Mittag-Leffler FaEZ . B 1~E 4 535084 20 () sxs (0 3, () + v, (O BERFE] ¢ Y8 T 0 BRI
H 5 B 25 BT LIE . R 50100 FPIRZS il 2R 8 T 45 (e, y) = (0,0)

0.1 o
0.09 069
0.08 :

0.08

0.07
0.07

0.06
0.06

0.05
S 0.05F
= 0.041 2 oot
0031 ) 0.03

0.02} :

0.02}

0.01}
1 e S 0.01}

0 02040608 1 121416 18 2 ol .
s 0 02040608 1 12 1416 18 2
t/ms
Bl o (MREHEE 2 () MRS

Fig.1 The curve of x, (1) Fig. 2  The curve of x, (#)



Vol. 33 No. 6

Journal of Chongqing Normal University (Natural Science)

http://www. cqnuj. cn 57

0.1
0.0}
0.08
0.07
0.06
0.05

T 004}
0.03}
0.02}
0.01}

0

0 0204 0608 1 12 14 16 18 2

t/ms

B3 v ()HREHEE
Fig. 3 The curve of y, (¢)

4 #E5iE

0.1
0.09}
0.08
0.07
0.06
0.05

T 004}
0.03}
0.02}
001}

0

0 02 04 06 08 I 12 1.4 16 1.8 2

t/ms
B4 y()HIREHEE
Fig.4 The curve of y, (1)

i 2o X o B BAM 28 ] 265 5 PR 2 20 A 45 3 T anfar ) E BAM 2 W 2 22 G AR E M G e o v A 1F L 2R T
Xf A 4 R JEAT T Matlab 477 5, 88 520 50 0E 7 SCHP S8 A IE BT .

S 230k

[1] Kosko B. Bi-directional associative memories[ ] ]. IEEE Trans
Syst Man Cybernet,1988,18:49-60.

[2] Cao J, Wang L. Exponential stability and periodic oscilla-
tory solution in BAM networks with delays[J]. IEEE
Trans Neural Networks,2002,13:457-463.

[3] Liang H,Hao L, Ying B Z. New stability criteria for BAM
neural networks with time-varying delays[J]. Neurocom-
puting»2009,72:3245-3252.

[4] Chen A,Cao J,Huang L. Existence and global exponential
stability of periodic solution for BAM neural networks with
periodic coefficients and delays[ J]. Acta Math Appl Sinica,
2005,28:193-209.

[5] Arefeh B, Mohammad B M. Fractional-Order Hopfield neu-
ral networks[J]. Advances in Neuro-Information Process-
ing,2009,5506:883-890.

[6] Diethelm K,Ford N J. Analysis of fractional differential e-

quations[ J]. ] Math Aanl Appl,2002,265(2) :229-248.

[7] De la Sen M. About robust stability of Caputo linear frac-
tional dynamic systems with time delays through fixed
point theory[J]. Fixed Point Theory App,2011(1):1-19.

[8] Ye H,Gao J,Ding Y. A generalized Gronwall inequality and
its application to a fractional differential equation[]J]. ]
Math Anal App,2007,328:1075-1081.

[9] Podlubny 1. Fractional differential equations[ M]. San Die-
g0: Academic Press,1999.

[10] Kilbas A A,Srivastava H M, Trujillo J J. Theory and ap-
plications of fractional differential equations| M]. Amster-
dam: Elsevier,2006.

[11] Chen J J,Zeng Z G,Jiang P. Golbal Mittag-Leffler stablity
and synchronization of memristor-based fractional-order

neural networks[ ] ]. Neural Networks,2014,51:1-8.

Mittag-Leffler Stability Analysis of a Class of Fractional-order BAM Neural Networks

SUN Xiaoshu', LIU Xiaolei’, GAI Mingjiu®

(1. Department of Research, Naval Aeronautical and Astronautical University;

2. Department of Basic Science, Naval Aeronautical and Astronautical University, Yantai Shandong 264001, China)

Abstract: Making use of the property of fractional order derivative and the uniqueness of the solution, the Mittag-Leffler stability of

fractional order BAM neural networks was investigated, and a sufficient condition was gotten. At last, the correctness of the conclu-

sion was verified by an emulating example.
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