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Abstract In this paper, we consider a class of stochastic BAM neural net-
works with delays. By establishing new integral inequalities and using the
properties of spectral radius of nonnegative matrix, some sufficient conditions
for the existence and global p-exponential stability of periodic solution for
stochastic BAM neural networks with delays are given. An example is pro-
vided to show the effectiveness of the theoretical results.
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1. Introduction

A class of two-layer interassociative networks called bidirectional associative mem-
ory (BAM) neural networks is an important model with the ability of informa-
tion memory and information association, which is crucial for application in pat-
tern recognition, solving optimization problems and automatic control engineer-
ing [11,14,18]. In such applications, the dynamical characteristics of networks play
an important role.

As is well known, in both biological and man-made neural networks, delays oc-
cur due to finite switching speed of the amplifiers and communication time. They
slow down the transmission rate and can influence the stability of designed neu-
ral networks by creating oscillatory or unstable phenomena. Many authors have
obtained interesting results on the stability of neural networks in [4, 20, 25], and
synchronization in [5], so it is more important in accordance with this fact to study
the BAM neural networks with delays. The circuits diagram and connection pattern
implementing for the delayed BAM neural networks can be found in [3]. In recent
years, some useful results on the dynamical behaviors of the delayed BAM neural
networks have been given, for example, see [12,16,21,27,28] for stability, see [23]
for the synchronization, and see [2,3,17,19] for the periodic oscillatory behavior.
Of those, since it has been found applications in learning theory [22], which is moti-
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vated by the fact that learning usually requires repetition, it is of prime importance
to study periodic oscillatory solutions of neural networks.

However, a real system is usually affected by external perturbations which in
many cases are of great uncertainty and hence may be treated as random, as pointed
out by [8] that in real nervous systems synaptic transmission is a noisy process
brought on by random fluctuations from the release of neurotransmitters, and other
probabilistic causes. Therefore, it is significant and of prime importance to consider
stochastic effects to the dynamics behavior of stochastic BAM neural networks with
delays. Many interesting results on stability of stochastic BAM neural networks
with delays have been reported, see [1,6, 15,24, 29, 30].

To the best of our knowledge, some authors have considered the stability of
trivial solution to the stochastic BAM neural networks, see [6,15,24,29]. However,
few authors have considered the existence of periodic solution to stochastic BAM
neural networks with delays. Motivated by the above discussions, we will study the
existence and global p-exponential stability of periodic solution for stochastic BAM
neural networks with delays. By establishing new integral inequalities and using the
properties of spectral radius of nonnegative matrix, some sufficient conditions for
the existence and global p-exponential stability of periodic solution for stochastic
BAM neural networks with delays are given. An example is provided to show the
effectiveness of the theoretical results.

2. Model description and preliminaries

For the sake of convenience, we introduce several notations and recall some basic
definitions.

Let R' (R'.) be the space of l-dimensional (nonnegative) real column vectors,
and R™*! (RT*") denotes the set of m x [ (nonnegative) real matrices. Usually T
denotes an ! x [ unit matrix. For A, B € R™*! or A, B € R!, the notation A > B
(A > B) means that each pair of corresponding elements of A and B satisfies the
inequality “ > (>)”. Especially, A € R™*! is called a nonnegative matrix if A > 0,
and z € R! is called a positive vector if z > 0. Let p(A) denote the spectral radius
of nonnegative square matrix A.

C(X,Y) denotes the space of continuous mappings from the topological space

X to the topological space Y. Especially, let C' = C([~7,0], R") with a norm
lell = sup |¢(s)| and let |-| be the Euclidean norm of a vector x € R!, where
—7<5<0
T is a positive constant. Let (2, F,{F;}i>0, P) be a complete probability space
with a filtration {F;};>¢ satisfy the usual conditions (i.e, it is right continuous
and JFy contains all P-null sets). If x(¢) is an R'-valued stochastic process on t €
[-7,00), welet o, =z (t+ s) : —7 < s < 0, which is regarded as a C-valued stochas-
tic process for t > 0. Denote by BC?_—0 ([=7,0], R") the family of all bounded Fo-

measurable, C-valued random variables ¢, satisfying ||¢|}, = sup El|¢ (s)]” < oo
—7<s5<0
, where Ff means the mathematical expectation of f.
For any # € R, ¢ € O, we define [2]t = (Ja1],...,|z)T,and [¢(t)]f =

(|1]ry- - |ou]-)T, where |¢;|, = SUP_,<g<p [@i(t +8)|, i =1,2,...,1.
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We consider stochastic BAM neural networks with delays as follows:

da:i (t) = | —C;T; (t) + i:l aijfj (yj (t - Tl)) + Ii (t)‘| dt

S oy (g () dw (1), 3t > 0,
j=1

dyi (1) = | —e: (1) +é aisg; (; (t— 7)) + I (1) | dt 21)
+_fjlau (xj () dw(t), t>to>0,
j=
zi (t) =i (1), wi(t)=wi(t), to—7<1t<to,
in which ¢ = 1,...,n; ¢; > 0 and ¢; > 0 denote the passive decay rates; time

delays 0 < 7; < 7 correspond to finite speed of axonal signal transmission; a;
and @;; are the synaptic connection strengths; f; and g; represent the signal prop-
agation functions; I;(t), I;(t) are the exogenous inputs and are periodic contin-
uous functions with periodic w > 0 for t > to; o(-) = (o1 (:),...,00(-)) and
() =@1(),...,0n(-)) : R™ — R™ are the diffusion coefficient vectors; w(t)
is a scalar Brownian motion defined on (€, F,{Fi}it>0,P). The initial condition
¢ = col{¢;},and ¢ = col{p;} € BCY ([-7,0],R").
For convenience in the following we shall rewrite equation(2.1) in the form:

de(t) =[-Cx(t)+Af (yt—7))+ I @) dt+o(y () dw(t), t>te>0,
dy(t)=[-Cy(t)+Ag(x(t—7))+ 1 (t)] dt+ 5 (z(t)dw(t), t>ty>0,
z(t)=9¢(t), yt)=¢(t), to—7<t<to,

where z(t) = col{z;(t)}, y(t) = col{y;(t)}, C = diag{c;}, A = (aij)nxn, C =
diag{ei}, A = (@ij)nxn, f(y(t—7)) = col{ f;(y;(t—7:))}, g(x(t—7)) = col{g;(z;(t—
)

m)} 1) = collLi)}h, T(0) = col{Tu0)}, o(ylt) = coll Xy (y; ()}, and
7(x(t)) = col {32 7y (a; (1)} 7= (7).

As a standing hypothesis, we assume that for any ¢, € BC’%0 ([-7,0],R™),
there exists a solution of equation(2.1). Later on we shall often denote the solution

of equation(z'l) by z (t) =z (t’th ¢a QD) = (xT(t7t07 ¢)7yT(t7t07 SO))T7 or z; (t07 ¢7 410)
for all tp > 0 and ¢, € BC’?_—O ([-7,0],R™).

Definition 2.1. A stochastic process z;(s) is said to be periodic with period w if
its finite dimensional distributions are periodic with periodic w, i.e., for any positive
integer m and any moments of time t1, . .., t,,, the joint distributions of the random
variables z;, ,(5),...,2,,,,.(s) are independent of k (k = +1,£2,...).

Remark 2.1. By the definition of periodicity, if z(t) is a w-periodic stochastic
process, then its mathematical expectation and variance are w-periodic [7, p49].

Definition 2.2. The periodic solution z(t, to, ¢, ¢) with the initial condition ¢, ¢ €
BC'JbTO ([-7,0], R™) of equation(2.1) is called global p-exponential stability if there
are constants A > 0 and L > 1 such that for any solution z(t, to, @1, 1) with the
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initial condition ¢1,¢; € BCY% ([-7,0], R") of equation(2.1), we have

E|Z (tat()a(bagp) -z (t’th(bh@l)‘p <L H((bT?SOT)T - ( ,{590,{),1—‘”1;10 e_A(t_to)Jf = to.

Here ) is called the exponential convergence rate.

Definition 2.3. The set S € BCY, ([—7,0], R") is called a global attracting set of
equation(2.1), if for any initial value ¢, ¢ C BC']b_-0 ([-7,0], R™), we have

dist(x¢(to, ¢),5) = 0 and dist(ye(to, ), S) =0 as t— oo,

where

dist (1. ) = inf p(n,7) for n € BC ([-7,0], R"),

where p (-, -) is any distance in BC;-0 ([-7,0],R™).

Definition 2.4. The solutions z: (to, @, ¢) of equation(2.1) are said to be

(¢) p-uniformly bounded, if for each « > 0, t, > 0, there exists a positive
constant 6 = 6 () which is independent of ¢ such that E ||(¢7, ¢T)7 Hp < « implies
E [”Zt (to,d),gp)”p] < 97 t > to;

(i) p-point dissipative, if there is a constant N > 0, for any point ¢,¢ €
BCY% ([-7,0], R™), there exists T (to, ¢, ) such that

E[”Zt (tO»QSaSO)Hp] SN? t2t0+T(t07¢)a@)'

We recall the following result [26, Theorem 3.5] which lays the foundation for
the existence of a periodic solution to equation (2.1).

Lemma 2.1 ( [26]). Assume that the solutions of equation (2.1) are globally ex-
istent, p-uniformly bounded and p-point dissipative for p > 2, then there is an
w-periodic solution.

For A € R1™", the spectral radius p(A) is an eigenvalue of A and its eigenspace
is denoted by

W, (A) = {z € R"|Az = p(4) 2},

which includes all positive eigenvectors of A provided that the nonnegative matrix
A has at least one positive eigenvector(see [10]).

Lemma 2.2 ( [13]). Suppose that M € R""™ and p(M) < 1, then there exists a
positive vector z such that
(I—M)z>0.

For M € R}*"™ and p(M) < 1, we denote
Q,(M)={2€ R"|(I-M)z>0,z> 0},

which is a nonempty set by Lemma 2.2, and which satisfies that ki z1+ko22 € Q,(M)
for any scalars k1 > 0, ko > 0 and vectors 21,22 € Q,(M). So Q,(M) is a cone
without a vertex in R"™, which we refer to as a “p-cone ”.
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Lemma 2.3. Let u(t),v(t) € C(R, R}) be a solution of the delay integral inequality

u(t) < Mye=01(¢=t0) (¢ (to)]F + ft e~ C1t=t0) A1y (s) ds
+f e~ C1t=t) By (v (s)]Tds + Ji, t>to,
v(t) < Mye= (=10 [ (tg)] F +f e Cr(t=10) Ayu (s) ds (2.2)
+f e~ By [u(s)) I ds + Jy, t>to,
u(t) <1 (t), v(t) <er(t), VEel[to—T,to],

where Ay, By, M;,A,B,M; € R}*", Cy =diag{c;} and Cy =diag{c1;}, where
c14,¢1; > 0, 61,61 > 0 are constants Ji,J1 > 0 are constant vectors, D1(t), p1(t) €
C([to — to],R"). If p(K; (A1 + By + Ay + By)) < 1, then there are constants
0< X and N > 0 such that

A\ —1 _
w(t) +(t) < Nae M0 4 (T-11) (i + 1), ¢ 2o, (2.3)

Jor any 61(0), 1 (1) € Q = {[B1(0))} + [er(to)]F < 2[2>0, 2 €, (M4 ML) |,
where K1, fI, A and N are determined by

. M+ M
Kl = dza‘g{kl} with k'L = miH{Cli,Eli}a P <6)\TH + 1"'1) <1

N
A< min{1r<ni£1 {ki},él,él}, ﬁ = (Kl - /\I)_l(Al + B: —|—Zl +§1)

Proof. From the condition p(K; ' (A+B1+A;+B1)) < 1, by using continuity, we

obtain that there exist positive constants A and IV such that p(e’\Tf[—i— M%Ml) <1
From Lemma 2.2, we know

. M+ M
AT 1 1
| et

)z < z. (2.4)
In order to prove (2.3), we first prove for any d > 1,
.\ —1 _
w(t) +u(t) < dNze~Mt=to) ¢ (1 - H) (i +7T1), t>to (2.5)

If (2.5) is not true, from the fact that [¢1(to)]F + [¢1(to)]T < 2 and u(t),v(t) is
continuous, then there must be a t; > tg and 1 < ¢ < n such that

. . A\ —1 _
¢ (u(t) +v(t1)) = € (sze—Wl—fo) ¥ (1 - H) (Ji + Jl)) . (2.6)
A\ —1 _
u(t) + v(t) < dNze= t=to) 4 (I - H) (Ji+J1), t<ti, (2.7)
where e = (0,...,0,1,0,...,0). Hence, it follows from (2.2), (2.4) and (2.7) that
N——

i

u(t1) + U(t1)
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< (My+ M) e 7 ([61 ()T + [o1 (t0))) + / " e 1y (5) do

to

t t1 -
+/ e 1= [y (s)]F ds+/ e 14,0 (s) ds

to to

[ R— _ —
+/ e 1T IB [u(s)]F ds + Ji 4+ T

to

t _
< (M1+M1) e Mt1—to) , +/ ' efcl(tts)Al (sze”‘(S*tO) + (I — ﬁ) ' (J1 +71)) ds

to

t1 L\ -1 —
+/ efcl(tlfs)Bl <sze>\Te*A(S*t0) 4 (I - H) (Jl + Jl)) ds
to

t o . N\ —1 _
+/ e~ C1ti—9)7, (sze—Ms—fw + (1 - H) (J1+ J1)> ds

to

o _ L\ —1 _ _
+/ e C1-9, (sze*Te*MS*W +(1-1)  (n+ J1)> ds+ Ji + T
to

— t1
< (My + M) e_’\(tl_i")z—&—/ e K1ti=9) g g N ze A t0) gg

to

t t
—|—/ ' 67K1(tl75)BlszeATef>‘(57t°)ds+/ ' e K1t=9) g aN ze~ Mo t0) g

to to

t o
+ / e K1ti=9) B dNze e Mot gg

to

— — A\ —1 — —
KT (A Bia A+ B (T-1) (4 J0) + A+

_ "
< W%A/[l)e*)(tlfto)Ner/ e*Kl(h*S) (A1 Jrzl) szefh(S*to)ds
to
ty _ R A\ —1 _ _
+/ e Ki(t1—9) (B1 + Bl) AN ze* e~ MNs—t0) gg + H(I — H) (Jl + J1) + J1+ J1
to
— ¢ AMt1—t0) ((MH-MQ N /tl e Ki(ti—s) (A1 +Z1) At1=9) g
N to

t —
n / ! AT K1(t1—3) (B1+ B1) ek(tlfs)ds> dNz + (I — fI) ' (J1+J1)
to

< e—A(hfto) ((]\417\]]\41) + 6>\Tﬁ> dNz + (I — ﬂ)71 (J1 +j1)

< dNze M0mto) 4 (I = ﬁ) T+,

which contradicts to the equality (2.6). So (2.5) holds for all t > to. Letting d — 1 in
(2.5), we have (2.3). The proof is complete. O
If J; =0 and J; = 0, we can easily get the following corollary.

Corollary 2.1. Assume that all conditions of Lemma 2.3 hold. Then all solutions
of the inequality (2.2) exponentially convergence to zero.

3. Main results

To obtain the existence and global p-exponential stability of periodic solution of
equation(2.1), we introduce the following assumptions.
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(Hq) f;(0) = g¢;(0) = 045 (0) = 7,5 (0) =0, f;, gj, 0i; and T;; are Lipschitz-
continuous with Lipschitz constants o; > 0, 8; > 0, L;; > 0 and fij > 0, respec-
tively, for i,j =1,2,...,n

(Hy) Set Y = K;'(AsH + ByH + AyH + ByH), and there exists an integral
p > 2 such that p(T) < 1, where

Ay = diag { 47" (p(p— 1) /2)"*(2¢; (p— 1) / (p — 2))" W(zw |> :

Jj=1

p—1
By = diag 4p103p<2|aijaj|fﬂ> ,
p—1
A, — di p—1 _ P/2(0= (1 1-p/2 [ v~ Py
o = diag { 4"~ (p(p— 1) /2)"7(2e (p— 1) / (p - 2)) (Z_II ' ) :

p—1
EQ = dl(lg 41’_10317(2 |aijﬂj|f’pl> s
j=1
= diag{kgi} With k‘gi = min{ci,Ei}, H = (hij)an, hij = 1, i,j = 1, N

Theorem 3.1. Suppose that (H1) — (H2) hold, then the system (2.1) must have a
periodic solution, which is globally p-Exponentially stable and in the attracting set

S ={¢ e BCY ([-7. 00, R") [ (1l -, |onllTn) < (I =T1)" (J2 4 J2)}, where
~ P . 2~ 4 ~ ~

Jo COZ{(%) }, Jo = col{(i;}) }, Ii = supgeic,, Li(t), I = supge,<, 1i(t),

Yy = (Ko — M) (AsH + BoH + Ao H + BoH) and A > 0 is determined by

p(T1) <1 and A< in. {kai} . (3.1)

Proof. By using continuity and condition (Hz), we know that (3.1) has at least
one positive solution.

By the method of variation parameter, we have for t > tg, i =1,...,n,
n
2 (£) = @i (to) e 710) 4 [ €= (=) 37 s f (y; (s — 7)) ds + [, e (=)
j=1

ol

X Oij (yj (5)) dw (S) =+ f:; Bici(tis)li (S) ds =: Ih; —+ 121' —+ 13,; —+ I4¢7

j=1

yi (1) = yi (to) e~ 710) + ftfo emi(t=2) Z @sjg; (wj (s — 7)) ds + [ e=®(=)

3

X Gij (x; (s)) +ft e—cil I; (8)ds =: I; + Io; + I3; + Ly;.
j=1

By using the inequality (a + b+ ¢+ d)? < 4P~1 (aP + bP + P + dP) for any positive
real numbers a, b, c and d, taking expectations, we find for all ¢ > ¢,

Elz; ()" <477 E (|1u|” + [Taa|” + Lsil” + |1a]”) - (3.2)

First, we evaluate the first term of the right-hand side as follows:

p
E‘IMV) =F iz (to) eici(tito)
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< el gy, (3.3)
As to the second term, by holder inequality, we have
p
t n
E|l|" = E / e N "a £ (y; (s — 7)) ds
to j=1
t n ?
<FE / eci(t=s) Zaijaj ly; (s — ;)| ds
to j=1
t p—1 t n g
S E |:/ eci(ts)d3:| / G*Ci(tfs) Z |alja]| ‘yj (5 — TZ)| dS
to to j=1

p—1
n

j=1

1—p
=

IN

t n »
/e_Ci(t_s) > laijay] 7
=1

to

Ely; (s — 7:)|ds (3.4)

As to the third term, using an estimate on the It6 integral established in [9, Propo-

sition 1.9] and holder inequality, we obtain:

t n
e TN "oy (g5 (5)) dw

to j=1

i t

/ e—cipt=9)
to

M. p\ 2/p
/ e~ Cip(t—s) ds
to
- i
/ et (p=D(t=3) —ei(t=9)
to

> Lijly; (s)
p/2-1
(tfs)d8:|

p
E|ls" = E

(s)

> o (Y5 ()

=1

ij [yj (s

= Cp

j=1
2(p—1)

r rt t
/ e % Tp3 / —ci(t—s)
L/ ¢ to

<cpei(p—1)/(p— 2))1_9/2 |;/tt e—cilt=9) p

Scp<

(p(p—

< ¢

2 (p—1)\" "%
(p—2) )

where ¢, =

t
E|I4z|p = / eici(tis)Ii (S) ds

to

ZLU lyi (s)]

j=

t (t—s n _p_
|:/ e—cilt -)(ZLij|p—1> ZE|y] |pd8:| .5)
to Jj=1

1) /2)p/2. As far as the last term is concerned, we have

0

p\ 2/p p/2
) ds]

p/2

p\ 2/p /2
> ds]

ij [y (s

p
ds:|
p

ds:|

1

1;

)

(&5
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It follows from (3.2)-(3.6) that
p—1
Ela; ()| < 471 $empelt=to) g7, 4 ¢;7F | [ emelt=e <Z |aijog|7=T 1)

X i:lE\yj (s — Ti)|pd5 + Cp(QCi (p—1)/(p— 2))1_p/2

p—1
n p n >\ P
x| fi e (znmw») > Bly; (s)"ds| + ()
j=1 j=1
Proceeding as the proof above, we have
p—1
Elyi (t)]" <4P~' (e ~pEi(i=io) lellTs + Cl P f e <Z |ai; 85|77 1)

+ep(2e (p—1)/ (p—2)' P2

2 El|z; (s —7;)[Pds

m‘:«b

y

Set Vi(t) = El|z;(t)|P, Vi(t) = Ely;(t)|P, i = 1,...,n. It follows from (H,) that

" ﬂ”8>zHL| ) > Bla (s)ds| + (%

V(t) <4rL|glff, ectto) 4 [T emC=9) 4,V (5) ds
_1_1:0 e—Clt-9)B, W(S)]jds T,

V(1) < 4r= |7, e ) 4 [ emCU= A,V (s) ds
+ [ e OBy [V (s)] ds + T,

where V(t) = (Vi(t),..., Vo ()T, V() = (Vi(t),...,Va(t)T, ¢ = minj<;<, ¢; and
c= minlgign Ei-

From Lemma 2.3 and Condition (Hs), the solutions of equation(2.1) are p-
uniformly bounded and S = {¢ € BC’_Z;-O (=m0, R™) [ (N1 lls o s -5 ol ) < (I—
Y1)~ 1(Jo+J2)} is an attracting set of equation (2.1) (i.e., the family of all solutions
of equation (2.1) is p-point dissipative). From Lemma 2.1, there must exist an w-
periodic solution.

Denote 2*(t) = (x}(t),...,z5(t),yi(t),...,y5(t))T with the initial condition

T
(QS*T, go*T) be the w-periodic solution and z(t) = (21 (), . ., Zn (t), y1(£),. . ., yn(t)) T

with initial condition (¢, »T)T be an arbitrary solution of equation(2.1).



28 Y. Li & D. Li

We rewrite equation (2.1) by

d[z; () =27 (1)) =

3

e (s ()=t ()3 asy (f (5 (t—m) —F; (5 (£ — )] dt

j=1

+ 32 (o s (0) = (05 () o ()1 > o,

Jj=

+ 35 (30 o ()~ 3 (25 () (00,2 0,
2 () —xr (1) =i () —dF (), yi () —yr () = @i (t) — 5 (), to—7 <t<to.

Let U;(t) = E|z;(t) — 2} (#)|P and U;(t) = Ely;(t) —y; (t)|P, i = 1,...,n. Proceeding
as the proof of the existence of periodic solution of equation(2.1), we have

dly: () —y; ()] = [—Ei (vi (1) =97 (1) + Z aij (95 (%5 (t — 1)) —g; (T} (t — )] dt

U (1) <427t o], 7)o+ [ =0 AT (5) ds
- JL e B ) s,
U (t) < 4=l e7et=t0) 4 [1 e=CU=9A,U (s) ds
+ [ e OB, [U (s)]] ds,
where U(t) = (U1(t),...,U,(t)T and U(t) = (U(t),..., U, ().
From Corollary 2.1, we get that the periodic solution is globally p-exponentially

stable, and the proof is completed.
O

4. Example

Example 4.1. Consider the periodic stochastic BAM neural networks with delays:

23 (t) 2(t) 0104 ) \ fo(ya(t—2)
sint 0.1yp () + 0.1y (¢)
sint 0.1y (t) + 0.1y2 (1)

(4.1)
mo) no 0401 -0\,
y2 (1) ya2(t) 0.10.4 —2))
(blnt) (O lzq () + 0.1zo (¢) )
+ ),
sint 0.1z (t) + 0.1z2 (t)

—x

e“—e
er4e= "

where f (x) = arctanz, g (z) =
It is obvious that
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a; = Bj = ]., Lij = fij = 0]., Z,j = 1,2, 7 =2 and Il(t) = Ig(t) = Tl(t) :Tg(t) =
sint. Taking p = 3, we have

i (16 x v/27) x 1073 0
0 (8v/2 x v/27) x 1073

_ 81 x 1073 0
By =By =
0 81/4x 1073

40 11
Ky = , H=
08 11

)

Therefore,

K;'(AsH + BoH + AyH + BoH)
(8 x V27 +162) x 107° (8 x V27 +162) x 107
(2v2 x V27 +81/16) x 107° (2v/2 x v/27 4 81/16) x 10~

p (K;l(AzH + BoH + Ay H + B2H)>
= [(8+2v2) x V27 + 162 4 81/16] x 1073 < 1.

It follows from Theorem 3.1 that this equation has a 27-periodic solution, which
is globally exponentially stable.

5. Conclusion

Some sufficient conditions for the existence and global p-exponential stability of
w-periodic solutions for stochastic BAM neural networks with delays are given by
establishing new integral inequalities and using the properties of spectral radius of
nonnegative matrice. At the same time, the solution satisfies the p-point dissipation
and p-uniform boundedness, the BAM neural network under random disturbance
can also obtain the existence of periodic solution. In the future, we plan to explore
the influence of fractional Brownian motion on the existence of periodic solutions
of BAM neural network through the demonstration which is similar to this paper.
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