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DETERMINING SOLUTIONS OF FUZZY CELLULAR NEURAL
NETWORKS WITH FLUCTUATING DELAYS

Ivan P. Stanimirovié

Abstract. This paper deals with the problem of nonperiodic arrangements for fuzzy
cell neural systems with fluctuating delays. By utilizing compression mapping and Kras-
noselski’s settled point hypothesis and developing some appropriate Lyapunov function-
als, adequate conditions are set up for the presence and worldwide exponential solidness
of solutions of FCNNs with fluctuating delays. In addition, illustrative examples are
set up to exhibit a model.
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1. Introduction

Celluar neural nets (CNNs), initially presented in [1], have pulled in much consid-
eration lately. This is generally on the grounds that they have the extensive variety
of promising applications in the fields of related memory, parallel figuring, design
acknowledgment, flag handling and streamlining. CNNs are portrayed by essential
circuit units called cells. Every unit forms a few information flags and delivers a
yield flag which is gotten by different units associated with it including itself.

In the execution of a flag or impact going through neural systems, time delays
do exist and influence dynamical behavior of a working neural network. As of
late there have been a few outcomes about dynamical practices of deferred neural
systems including worldwide exponential steadiness of balance focuses, intermittent
and relatively occasional arrangements [2, 3].

Other than defer impacts, it has been seen that numerous transformative pro-
cedures, including those identified with neural systems, may display incautious im-
pacts. In these developmental procedures, the arrangements of framework are not
consistent but rather present hops which can cause shakiness of dynamical frame-
works. Thus, numerous neural systems with motivations have been contemplated
broadly, and a lot of writing are engaged on the issue of the presence and steadiness
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of a balance point [4]. The presence and dependability of periodic solution of neural
network with impulses are researched extensively by many authors [5, 6].

In [7], another compose cell neural systems display called fuzzy cell neural sys-
tems (FCNNs) is introduced. FCNNs joined fuzzy task with cell neural systems.

In any case, it is important that Takagi-Sugeno (T-S) fuzzy neural systems are
not quite the same as FCNNs. T-S fuzzy neural systems depend on an arrange-
ment of fuzzy guidelines to depict nonlinear framework. As of late analysts have
discovered that FCNNs are helpful in picture preparing, and many fascinating out-
comes have been introduced on steadiness of FCNNs. For instance, in [8], applying
straight network imbalance (LMI) approach, contemplated presence, uniqueness
and worldwide asymptotic steadiness of fuzzy cell neural systems with asymptotic
relentlessness of cushioned cell neural frameworks with spillage delay under impru-
dent annoyances. The authors in [9] acquired the outcomes of asymptotic steadiness
for fuzzy cell neural systems with time-shifting postponements. In [10], the steadi-
ness of fuzzy cell neural systems is examined with time-changing delay in spillage
term without accepting the boundedness of initiation function. Other related works
readers can refer to [11].

However, in applied sciences, the existence of nonperiodic arrangements assumes
a key job in portraying the conduct of nonlinear differential conditions. For instance,
hostile to intermittent trigonometric polynomials are vital for the investigation of
addition issues, against occasional wavelets and simple voltage transmission are
frequently against intermittent process, in this way it is profitable to consider non-
periodic solutions. Meanwhile, anti-periodic solution, as a special case of periodic
solution, has an important research value in dynamic behavior of the neural net-
works. In recent years, the problem of nonperiodic solution of CNNs, Hopfield neural
nets and recurrent neural nets has been studied by many scholars (see [12, 13, 14]
and references therein). For example, in [12], the author studied the presence and
exponential security of the counter occasional arrangements of intermittent neural
systems with time-differing and persistent dispersed deferrals. In [13], applying im-
balance procedure and dependent on Lyapunov practical hypothesis, the authors
examined the presence and worldwide exponential security of against intermittent
answer for defer CNNs with hasty impacts. In any case, to the best of our insight,
there are not very many outcomes on the issues of against occasional answers for
fuzzy cell neural systems (FCNNs) with fluctuating delays and hasty impacts.

It is reasonable to proceed the examination of the presence and stability of non-
periodic arrangements for FCNNs with period-varying delays and impulsive effects.
Here, we are concerned with the next model:
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x(t) = —ai(t)ai(t) + 220 dij(t) f(x;(1))
+ Nj—y aij (1) g;(z; (t — ti;(1)))
+ Vi bij(t)g;(; (t — ti(1)))

+Ez(t)]at205t¢tkak€]\]+v

(1.1)

Alzi(te)) = () —zi(ty) = Lin(te, 2i(tr)),

z; () = oi(t),t€[-t,0,i=1,2,-- ,n.

where n is the amount of elements in the net. x;(t) is the activations of the i-
th neuron at the time ¢. a;(t),di;(t), ai;(t),bi;(t), Ei(t), f;(t),9;(t), t:;(t) are con-
tinuous functions on R. a;(t) > 0 represents the amplification function. d;;(t)
denotes the synaptic connection weight of the unit j on the unit ¢ at time ¢.
Thus, a,;(t) and b;;(t) are elements of fuzzy feedback MIN and MAX template,
correspondingly. A and \/ represent the fuzzy AND and OR operation, corre-
spondingly. F;(t) denotes the i-th component of an external input source intro-
duced from outside the network to the ith cell. t;;(¢) is time-varying delay sat-
isfying 0 < t;;(t) < ¢, ¢t is a positive constant. f;(-) and g;(-) are the activa-
tion functions. Az;(tr) = z:(t]) — 2i(t),), zi(t)) = impoy 25 (L, + h), ity ) =
limpy0— @i (tk+h), (i =1,2,--- ,n,k=1,2,---) . {tx} is a sequence of real numbers
such that ¢} <tz < --- and limg_ 400 t = +00.

The primary motivation behind this paper is to think about the presence and
worldwide exponential solidness of hostile to occasional arrangements of (1).

The framework of this paper is as per the following. In Sect. 2, we present a
few definitions and lemmas. In Sect. 3, we set up new adequate conditions for the
presence of the counter occasional arrangements of framework (1). In Faction 4, by
building reasonable Lyapunov practical, we infer adequate conditions for the world-
wide exponential strength of hostile to intermittent arrangements of framework (1).
A numerical model is given to demonstrate the adequacy of our outcomes in Sect.
5. At last a general end is attracted Sect. 6.

2. Preliminaries
Let us present the following:

a; = min |a;(t)],a” = max max |a;(t)],
te[0,w] 1<i<n t€[0,w]

N

d;i (t)],d = di(t
tlerf&ﬁ' i ()], 112%353’5}' 55 ()],

ij
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Gij = max jai; ()], @ = max o |ai; ()],

o = g e 01D = e, g O

E = B (t R ot ai(¢)de
g%tgﬁﬁl i(t)], xi = elo

Here, the next assumptions are made

(A1) Fori,j=1,2,---,n,k=1,2,--- there exist w > 0 such that for Q@ € R
ai(t—i-w) = ai(t),tij(t —I—w) = tij(t),

ag;(t + w)g; (=) = —ayy

bij (£ 4 w)g; (=€) = —bi; (¢

dij(t +w) f; (=)
E(t+w)=—-E/t), Lix(t+w,Q) = —Lir(t,—Q).

(A2) fi(-),g9;(-) € C(R x R,R), and the nonnegative values My, My, m;,n;(j =
1,2, ,n) exist such that, for u,Q € R,

)

|
|
&
<
—~
=
]
—~
)
~

3

fi0) =0, |f;@&w)| < My, |f;(u) = f5(Q)] <mjlu— €,
9;(0) =0, lg;(t,w)| < Mg, |g;(u) — g; ()] < nylu — Q.
(A3) Fori,j=1,2,--- ,n,k=1,2,---, there exists a positive integer ¢ such that
Litktq) = Lik, terq = te + w.
(A4) Fori,j=1,2,--- ,n,k=1,2,-- there exist ¢;; > 0 such that
[k (t,u) — Lip (6, Q)] < ciplu — Q|, Vt € [0,w],u,Q € R.
Remark 2.1 In assumption (A2), the activating functions fj,¢9;,j = 1,2,---,n,

are typically assumed to be bounded and Lipchtiz continuous and need not to be
differential.

Consider z(t) = (z1(t), z2(t), -+ ,2,(t))T € R™, whereat T is the transposition-
ing. The starting assumptions based on (1) are determined by:

x(t) = p(t), te[-t0]
where ¢(t) = (o1(t),2(t), -, pn(t))T € R™ (i = 1,2,---,n) are continuous
with norm

lell = po](Zhﬁi(t)P)%.

su
te[—t,
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Definition 2.1 A resolution z(t) of (1) is an w nonperiodic solution, if
x(t+w)=—a(t), t#tg.

oty +w) = —z(t)), k=1,2,---,
and the smallest positive number w is called w anti-periodic of function z(t).
Define PC(R") = {x(t) = (z1(t),22(t), - ,2,(t))T : R — R, I|(tk7tk+l] S

C((trs tigr), R™), 2(t]), x(ty) exist, and z(t;) = x(tg),k = 1,2,---}. Set X = {z:
x € PC(R"),z(t +w) = —x(t),t € R}. It is easy to see X is a Banach space with

1

norm ||z = SUPte[—¢,0] (Z?:l EAGIRER
Next, It is similar to [13], we have the following lemma.

Lemma 2.1. Let x(t) = (x1(t),22(t), - ,2,(t))T be an w anti-periodic solution
of system (1). Fori=1,2,--- n, we have

t+w

nt) = [ H(9) | ()5 )

n

+ N\ a@ij(s)g;(x; (s — tij(s))) + Ei(s)

Jj=1

n

+ \/ bij(s)gj(w;(s —tij(s)))| ds

Jj=1
(2.1) + Y Hit te) Ltk i(tr)),
tr €[t t+w]
where, fori=1,2,--- n,
et ai(d)de
(2.2) Hi(t,s) = s €[t t+wl.

_efow ai(¢)d¢ + 17

Lemma 2.2. [15] Let Q be a closed convex and nonempty subset of a Banach space
X. Let I, X be the operators such that

(i) Iz + Xy € Q whenever x,y € 0 ;

(i) II is compact and continuous;

(iii) X is a contraction mapping.

Then there exists z € ) such that z =11z + Xz.

Lemma 2.3. [13] Letp,q,t,ck,k=1,2,---, be constants and ¢ > 0,t > 0, ¢, > 0,
and assume that z(t) is piece continuous nonnegative function. Suppose 2 is a closed
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and nonempty subset of a Banach space X. Give I, 3 a chance to be the adminis-
trators such that

(1) Tz + Xy € Q at whatever point x,y € Q ;
(i) 11 is minimal and continuous;
(iii) X is a compression mapping.

At that point there exists z € Q with the end goal that z = 1lz + Xz.

Lemma 2.4. [13] Letp,q,t,cp,k=1,2,---, be constants and g > 0,t > 0,¢ > 0,
and accept that x(t) is piece consistent nonnegative capacity fulfilling

Drz(t) < pz(t) +qz(t), t > to, t # tg,

(2.3) a(ty) < ela(te), k=12,
x(t) = (t),t € [to — t,to].

If there exist ¢ such that for k=1,2,---,

(2.4) Incp < ety — to—1)-

and

(2.5) p+cq+c<O.

Then

(2.6) w(t) <c  sup fp(t)le M),
te[to—t,to]

where T(t) = supgepp_¢ 4 (8),

c= sup eClte—ti—1) _
P ec(tr—te—1) [’
1<k<+o0 e

A is a sole nonnegative resolution of A\ + p + cqge* + ¢ = 0.

Lemma 2.5. [7] Let u and § be two states of system (1), then we have

n

N aiigi() =\ ais(t)g; (2 QZI% llg; () = g; (),

j=1 j=1
and

Vbis®gi(w) =\ i) < Ibii(t)llg; (w) — g;()].

j=1 j=1
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3. Existence and stability of a non-periodic solution
Here, we derive some sufficient conditions of existence of anti periodic resolution of

(1)

Define the operator

(Hz)(t) = (M) (1), (2z)(t), -+, (Taz)(t))",

(3.1)
(Bz)(t) = ((Z12)(t), (Z22)(t), -+, (Zaz) ()7
where
t+w n
M) = [ H9) | ()
+ /\ aij(s)g; (; (s — ti(5)))
j=1
+ \/ bij(8)g5 (25 (s — ti5(5)))
j=1
(3.2) +E;(s)] ds
(3.3) (Six)(t) = > Hilt,ty) Lt 2i(te)), i =1,2,-++ ,n.

tr €[t t+w)

where H;(t,s),i =1,2,...,n, are defined by (4), it is easy to get, for i =1,2,--- | n,

1 Xi
< |Hi(t,s)| < ——,s € [t,t +w].
L+ xi ) Xi+1 [ ]

where x; = elo’ ai(@)d¢,

Theorem 3.1. Suppose that (Al)—(A4) is valid, if the next assumption is satisfied

(A5):

(3.4) w Zn:(riﬁ %—i—w Zn:(r'.f %+Zq: i(’“ci’“ )2 %<1
i=1 = o Lo\t 7

where

=




64 I.P. Stanimirovié

N

n

Xi _ T
T = o D (@ +big)ny)? |

Jj=1

then (1) has a unique w nonperiodic solution.

Theorem 3.2. Assume that (A1)-(A4) hold, if the following assumption is satis-

fied
(A6)

1
2

- XiCik
Z<Xi+1) <h

=1

(3.5) zq: [

k=1

it is valid that (1.1) possesses more than w nonperiodic resolutions.

Proof. We define the operator II, ¥ as (8). Choosing

(nwdMy 4+ nw(@+ b)My +wE +ql) | >0, (Xfil) }
(36) p > 7 >0

2|2
- [ (s)]

1

For z,y € B, ={x € X : ||z| < p}, we get

1(Iz)(t) + (Zy) @)

n

n 4w n
= sup Z/ Hit,s) | Y dig(s)f5(w(5)) + \ aij(s)g;(z;(s — ti(s)))
telow] | =1 |/t j=1 j=1

n

+\/ b3 ()g; (s (s — tij(s))) + Ei(s) | ds

j=1

no
[N

+ Z H;(t, te) Lin (te, vi(te))

€[t t+w)
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= sup
te[0,w] {;

x> dij(s)f(a;(s Z;d
o

j=1

t+w
Hi(ta S)

t

n

/\ 5)g;(z;(s — ti;(s))) — /\ a;j(s)g;(0)

Jj=

=

+\/ bij(5)g; (x5 (s — \/ 0)+ Eils)| ds
=1 =t
1
2) 2
tLE[t, t+w]

N\
™
=
+
)
\
M
B
5
Q&
E
L~
M s
=
+ |
T
=
M s
=
T
<

i=1 i=1 j=1
1
2 % - Xi 2|2
ltas(o = tu)las] 4 |3 (7
- 1
n q 2] 2
30 2 s i (1) — Lo (80, 0)]
i=1 X1+1k:1
- .
n q 2] 2
Xi
+ Lk (g, 0
;(Wl]g n >|)

N
[]-
=
7N
==
+|8
=
N—
[\v]

Therefore, Iz + Xy € B,. Since f;(-),9,(-),4 = 1,2,--- ,n, are continuous. Thus
the operator II is continuous. For x € B,, we have

[N

(3.7) ITz|| < (nwdM; + nw(@+ b)M, + wE)

zn: <xz-X—ii-1>2

=1
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i.e. II is uniformly surrounded on B,. Then, let us show the accuracy of II. For
t1,t2 € [0,w], it is valid that

(M) (t1) — () (22|

S DSIY REATE AT SEACTAEAE)
i=1 =1
+ /\ aii(5)g5(x; (s — ti;(s))
=1
1
21 2
+\/ aij(s)g;(x;(s —tij(s))) + Ei(s)| ds
j=1
<3 1 / Ui ai@do L7, ai<¢>d¢‘
it
x |> diiMp+ N\ @My + \/ bi; My + E| ds
J=1 Jj=1 7j=1
< |t1 - t2| ZEijMf + /\ awMg
j=1 j=1
+\/ byMy + E| wa' le
=1 — Xit
< |ty — to|[ndM;y + n(@+ b)M, + Elwa™ %
— Xi
=1

Consequently, by methods for Arzela-Ascoli hypothesis, 11 is reduced on B,,. By pre-
sumption (A6), plainly X is constriction mapping. Utilizing Lemma 2.2, framework
(1) has in any event w against occasional arrangement.

*

Assume that 2*(t) = (25(t),, -+ ,2%(t))T is an w-occasional arrangement of
framework (1). In this area, we will develop some appropriate Lyapunov practi-
cal to demonstrate the worldwide exponential security of this enemy of occasional
arrangement.

Theorem 3.3. Suppose that assumptions (A1) — (A5) hold. If the following as-
sumptions are satisfied

(A7) there exist ¢,C, > 0,i=1,2,--- ,n,k=1,2,---, such that
(38) |u+Iik(t,u) —Q —Iik(t,Q” < Eik|u— Q|,t S [O,W],U,Q € R,
and for k=1,2,-- |

(3.9) 2In¢, < C(tk — tk_l).
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(A8) there exist ¢; > 0 and 6;5,mi5,945,&; € R,i =1,2,--- ,n such that

(3.10) _O, 4Oyt =0
where
i - = 3y 21003
=

C_J(EJ )2(1 0ij) J(l Nij)

C

n
=1

J
n
= (@i +biy) " n;*

j=1

n
Oy = max Zc_ﬂ Gji + bys) 20 05) 20760 L

1<i<n

o = iz Fac,

_ 1
c= max et
1<k<400 ec(te—ti—1)

then w anti periodic solution of system (1) is globally exponentially stable with con-
vergence rate \/2, and \ is an unique positive solution of X — ©1 + cOzeM + ¢ = 0.

Proof. Suppose x*(t) = (x}(t),x5(t), -+, 2% (t))T is an w nonperiodic arrangement
L0 Th for kg Dy gf T et o (D Set ) =
yit) = —ai()(@i(t) — 27 (1))

+ 251 dig ()£ (2 (1) = f5(5 ()]

+ Njo @ij()g; (2 (£ = ti5 (1))

= Nj1 aij (t)g; (@5 (£ = ti;(1)))

+ Vi bij()g; (i (£ — ti; (1))

= Vijmy big ()95 (5 (8 = 135 (1))), £ = 0, # 1,

vilty) = wi(ts) — 2y (te) + L (t, zi(tr))

(3.11)

—Li (tk, 77 (tk))-
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Considering the following function

n

(3.12) Q) =Y clyi(®).

i=1

Computing the above right derivative of Q(t), for ¢ # t,

DTQ(t)

= Z2CiD+|yi(t)|

<D —2ciai()|yi (8)|lys (t))|
=1
+ Z 2¢; Z |dij )|y ()] f5(25(2)) — £ (25 (2))]
+> 26> (lag (6)] + [bsy (6] [ (2)]

=1 =1

x|gj (2 (t —tij(t)) — gj(x; (t — ti(t)))]

< Y =2eia; lyi P+ 260> dijlys(8)|myly; (1)
i =1 =1

(3.13) + Z 2¢; Z(ﬁij + bij) i () [y (¢ — ti5(2))]

Using inequality ab < 3a® + b2, we have

bg:

i [yi () |y; (1))

<.
Il
—

Il
(-
=

=
S

)5 m I  (O1ag) %y~ ()]

<.
Il
—

N
ol —

= =
—
ul

— oy
§(dij)25” m;" |y (t)[?

<
Il

(3.14) U)2(1—5U)m?(17mj)

_|_

y; ()
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and
D @iy + by ys (0)ngly; (t = 155 ()]
j=1
n 1 3 2,
< 3 |3 4B o)
j=1
1 - e
+§(aij+bij)2(lfl9ij)m§(l &ij)
(3.15) X y;(t — ti; ()]

Substituting (21) and (22) into (20), we have, for ¢ # ty,

DTQ(t)

N

—2a; |yi(t) |+Z{ ”m 21is

yi(t)?
+(Eu)2 (= ““’mz-(l”’“)lyj(t)ﬂ
(@5 + b)) 2(17£ij)|yj(t—tij(f))|2”

= —2a; —I—Z ) ”m

+Z J dji) 2(1 5”)m§(1777ij)

yi(t) |2

X Jyj(t — ti;( |2}
(316) < —@1Q(t) + 650 (t)

where Q(t) = sup;_;<,<; (n). From (A6), we have

n n

(3.17) Q) =Y alyitOP <Y eyt < ().

=1 =1

69
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From Lemma 2.3, there is ¢ > 1 satisfying

(3.18) Q(t) < e sup Q(t))e M
—t<t<0
Thus
() *
) cmaxigicn(Ci -
3.19 t)—2"(t)|| < | —/—m———= — .
319) e - @) < (el - o)

The validity of the theorem is completed.

The global exponential stability of FCNNs is important dynamical behavior. Time
delays and impulsive effects often cause system instability or oscillatory behaviour.
It is clear that the results obtained are related with the time delay and impulses for
justifying global exponentially stability of w anti periodic solution of system (1).

4. A numerical example
In this segment, a precedent is given to demonstrate adequacy of results acquired.

Example 5.1 Consider the accompanying FCNNs with time-changing deferral
and hasty impacts.

Z(t) = —aw(t) + X0 di () fi(xi(1)
+ Ny aig (g (5 (t — i (1))
(4.1) Vo bij (£)g; (s (t — ti()))

km _
+E7,(t)7t7é Tuk_ 1727"'7

Azi(ty)) = —2xi(te),t=t,=,i=1,2,

where a1(t) = az(t) = 1, f;(z) = g;(x) = arctanz(j = 1,2).

1/4 1/8

(dij (1))2x2 = ( 1/6 1/3 >
1/8 1/6

(aij(t))2x2 = ( 1/6 1/8 >7
[ 1/16 1/4

(bij (t))2x2 = ( 1/4 1/16 >7

i (Yot}
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impulsive functions I1x(t,z) = Iy (t,z) = —%:1:, impulsive points t; = %’r,tu(t) =
to1(t) = |sin(2wt)|, t12(t) = taa(t) = |cos(27t)|, then, we can easily check that
u=Q=3%c1p =cop = 3,C1p = Cok = 3,k = 3,¢=1,c1 = ¢y = e¥, Taking

bij = nij = Vij =&y = 5(i=1,2) Zlner < _139=c.

Pt —tr—1

It is easy to conclude that assumptions (A6) and (A8) hold true. Numeri-
cal arrangement x(t) = (x1(t), z2(t))T of frameworks (27) for introductory esteem
o(s) = (0.5,—0.4)T s € [-2,0].

5. Conclusion

In this paper, the presence and internationally exponential solidness of the counter
intermittent answer for fuzzy cell neural systems with time-differing delays are con-
sidered. Some adequate conditions set up here are effortlessly confirmed what’s
more, these conditions are related with parameters of the framework (1). The ac-
quired criteria can be connected to plan all around exponential stable of hostile to
occasional ceaseless fuzzy cell neural systems.

REFERENCES

1. L. O. Cuua, AND L. Yang, "Cellular neural networks:Application”, IEEE Trans.
Cire. Syst.I, 35, pp. 1273-1290, 1988.

2. A. CHEN, AND J. CA0, "Existence and attractivity of almost periodic solutions for
cellular neural networks with distributed delays and variable coefficients”, Appl. Math.
Comput., 134, pp. 125-140, 2003.

3. C. Huang, AND J. CA0, "Almost sure exponential stability of stochastic cellular
neural networks with unbounded distributed delays”, Neurocomputing, 72, pp. 3352-
3356, 2009.

4. Y. X1aA, J. CAao, AND S. CHENG, ”Global exponential stability of delayed cellular
neural networks with impulses”, Neurocomputing, 70, pp. 2495-2501, 2007.

5. Y. YaNG, AND J. CA0, ”Stability and periodicity in delayed cellular neural networks
with impulsive effects”, Nonolinear Analysis:RWA, 8, pp. 362-374,2007.

6. Y. L1, AND J. WANG, ” An analysis on the global exponential stability and the existence
of periodic solutions for non-autonomous hybird BAM neural networks with distributed
delays and impulsies”, Comput. Math. Appl., 56, pp. 2256-2267,2008.

7. T. YANG, AND L. YANG, ”The global stability of fuzzy cellular neural networks”, IEEE
Trans. Circ. Syst. I, 43, pp. 880—883, 1996.

8. X. L1, R. RAKKIYAPPAN, AND P. BALASUBRAMANIAM, ” Existence and global stability
analysis of equilibrium of fuzzy cellular neural networks with time delay in the leakage
term under impulsive perturbations”, Journal of the Franklin Institute, 348,pp. 135-
155,2011.

9. Q. ZHANG, AND R. XIANG, "Global asymptotic stability of fuzzy cellular neural net-
works with time-varying delays”, Phy. Lett. A, 372, pp. 3971-3977, 2008.



72

10

11.

12.

13.

14.

15.

I.P. Stanimirovié

. W. HE, AND L. CHU, ”Exponential stability criteria for fuzzy bidirectional associative
memory Cohen-Grossberg neural networks with mixed delays and impulses”, Advances
Difference Equations, (2017): 61, 2017.

G. YANG, "New results on the stability of fuzzy cellular neural networks with time-

varying leakage delays”, Neural Computing and Applications, 25, pp. 1709-1715, 2014.

J. SHAO, ” An anti-periodic solution for a class of recurrent neural networks”, J. Com-
put. Appl. Math., 228, pp. 231-237, 2009.

L. PAN, AND J. Cao0, "Anti-periodic solution for delayed cellular neural networks
with impulsive effects”, Nonlinear Analysis: Real World Applications, 12, pp. 3014-
3027, 2011.

A. ABDURAHMAN, AND H. JIANG, "The existence and stability of the anti-periodic
solution for delayed Cohen-Grossberg neural networks with impulsive effects”, Neuro-
computing 149, pp.22-28, 2015.

M.A. KRASNOSELSKII, Positive solutions of operator equations, Groningen, Nether-
lands,1964.

Ivan P. Stanimirovié

Faculty of Science and Mathematics
Department of Computer Science
18000 Nis, Serbia

ivcastanimirovic@gmail.com



