Nonlinear Analysis: Modelling and Control, Vol. 26, No. 5, 759-780 S,

-1579+

https://doi.org/10.15388/namc.2021.26.23935 s S | Vilnius
. Essdl . | University
Z ‘55 Press
‘%&/“sq@

Finite-time stabilization of discontinuous fuzzy inertial
Cohen-Grossberg neural networks with mixed
time-varying delays*

Fanchao Kong®"®, Quanxin Zhu®®, Rathinasamy Sakthivel°

2School of Mathematics and Statistics,

Anhui Normal University,

‘Wuhu, Anhui 241000, China

fanchaokong88 @sohu.com; fanchaokong88 @yahoo.com
PMOE-LCSM, School of Mathematics and Statistics,
Hunan Normal University,

Changsha, Hunan, 410081, China

zqx22@126.com

“Department of Applied Mathematics,
Bharathiar University,

Coimbatore 641046, India
krsakthivel0209 @ gmail.com

Received: April 26, 2020 / Revised: October 3, 2020 / Published online: September 1, 2021

Abstract. This article aims to study a class of discontinuous fuzzy inertial Cohen—Grossberg
neural networks (DFICGNNs) with discrete and distributed time-delays. First of all, in order to
deal with the discontinuities by the differential inclusion theory, based on a generalized variable
transformation including two tunable variables, the mixed time-varying delayed DFICGNN is
transformed into a first-order differential system. Then, by constructing a modified Lyapunov—
Krasovskii functional concerning with the mixed time-varying delays and designing a delayed
feedback control law, delay-dependent criteria formulated by algebraic inequalities are derived for
guaranteeing the finite-time stabilization (FTS) for the addressed system. Moreover, the settling
time is estimated. Some related stability results on inertial neural networks is extended. Finally, two
numerical examples are carried out to verify the effectiveness of the established results.
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1 Introduction

1.1 Previous works

In 1986, Babcock et al. [3] proposed the inertial neural networks (INNs) for the first
time. Neural networks with inertial items have been successfully applied to chaos and
bifurcation control [23]. Since the states of such inertial systems are of second-order
derivatives, the corresponding dynamic behaviors are more complicated to deal with
compared to systems with first-order derivative of states [15]. So, stability analysis of
the INNs is necessary. In recent years, stability of INNs model and its generalizations
have been widely considered; see [7,13,19-21].

The concept of finite-time stabilization (FTS) proposed by Haimo [6] means that the
solutions of the system reach the equilibrium point in finite time. The time function indi-
cating when the trajectories reach the equilibrium point, variously known as the settling-
time, has a great importance in practice. FTS is of major interest to many applications such
as secure communications [17] or finite-time attitude tracking for spacecrafts [4]. Time
delays, especially, the time-varying delays may turn expected dynamics of the proposed
neural network into some undesired complex dynamical behaviors. So, the FTS analysis
for the time-delayed system will be difficult. This thanks to the pioneer work of Moulay
et al. [16]. After that, on the basis work of Moulay, during the past several years, many
efforts have been devoted to the delayed neural networks. See, to name a few, [1,27,28].

Despite of many FTS results on the delayed neural networks, there is few work on
FTS of INNs with discontinuous activations though the discontinuous phenomenon often
occur in neural networks; see [22]. Moreover, it is well known that time delays are
often inevitable and time-varying delays may turn expected dynamics of the proposed
neural network into some undesired complex dynamical behaviors. In reality, discrete
(time-varying) delay and distributed delay always occur simultaneously. In general, the
results of the stability analysis and synchronization analysis for delayed neural networks
contain delay-dependent and delay-independent criteria. However, the former can derive
less conservativeness and take more advantages in the practical applications. For more
details, see [9]. But there are few delay-dependent criteria derived for the delayed INNs
and few delay-dependent criteria ensuring the FTS of time-varying delayed INNs have
been derived.

Hence, it is meaningful to further propose a new framework and study the FTS of
the discontinuous INNs with mixed time-varying delays and derive some new delay-
dependent criteria to ensure the FTS of discontinuous INNs with mixed time-varying
delays. This is the first key purpose.

On the other hand, some inconveniences can inevitably be encountered in the mathe-
matical modeling of practical problems, for example, the uncertainty, the approximation
and the vagueness. Fuzzy logic systems can approximate any nonlinear functions. During
the past several years, based on the pioneer work of Yang and Yang [25] in 1996, stability
analysis of fuzzy neural networks with delays were extensively considered by researchers;
see [10-12, 18] and the references therein. However, the best of authors knowledge, there
is only few research that investigated the fuzzy INNs (see [8,24]), not only that the fuzzy

https://www.journals.vu.lt/nonlinear-analysis


https://www.journals.vu.lt/nonlinear-analysis

Discontinuous fuzzy inertial Cohen—Grossberg neural networks 761

inertial Cohen—Grossberg neural networks. Still, the results established in [8,24] are based
on the delay-dependent criteria.

Thus, how to take the fuzzy logics into account and further derive some new delay-
dependent criteria to guarantee the FTS of DFICGNNs with mixed time delays is the
second key purpose.

Based on the pioneer works and addressed two key purposes mentioned above, in this
paper, we aim to investigate the FTS of DFICGNNs with mixed time delays via discon-
tinuous state-feedback controllers. Our works mainly aim to put forward to some new
delay-dependent criteria for the proposed DFICGNNSs and put forward a new approach to
further study the dynamic behaviors of fuzzy INNs.

1.2 Major contributions

In contrast to the previous works on the INNs, the major contributions of this paper are
reflected in the subsequent key aspects:

e Taking the inertial items, fuzzy logics, CG terms, discontinuous activations and dis-
crete and distributed time-varying delays into consideration, the consider mixed time-
vary delayed DFICGNN is a more general case compared to the continuous INNs
without fuzzy logics [13, 14] and the fuzzy INNs without mixed time-varying delays
[8,24].

e A mixed-time-varying delayed feedback control law is designed, which can help
achieve FTS effectively. Compared with the previous designed delayed feedback con-
trol, which can only cope with the discrete delays and discrete time-varying delays, it
takes more advantages.

e Some new delay-dependent criteria, which possess less conservativeness, are derived,
which can further illustrate that the delays can affect the FTS of the neural system.

2 System description and preliminaries

2.1 System description
Consider the following DFICGNNs with mixed time delays:

Ei(t) = —ai(t)ai(t) — bi(t, zi(t)) [ tai(t Zdzg% Z cij () f5 (z;(t))
=1

- Z haj (0) f; ( (¢ — 735t /\ Tijvj — /\ aij (8) fi (@ (t — 7i5(1)))
— N\ pij(t) / fi(z;(s)) ds — \/ Bij () £ (; (t = 735(¢)))
=t t—0:;(t) i=1
— \/ wij(t) / fizi(s)) ds = \/ Syyv; — Li(t) |, (1
=1 t—045(t) =1
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where 7,5 € I = {1,2,...,n}, n > 2 is the number of neurons in the network, x;(t)
denotes the state of the 7th unit at time ¢, the second derivative is called an inertial term
of system (1). a;(t) > 0 are damping coefficient; b;(-) denotes an amplification function;
k;(-) is the behaved function; ¢; ; 1s the elements of feedback templates; h;; is the elements
of feed-forward templates; o, p;; and w;;, B;; are elements of fuzzy feedback MIN
template, fuzzy feedback MAX template, respectively; T;; and .S;; are fuzzy feed-forward
MIN template and fuzzy feed-forward MAX template, respectively; / and \/ denote the
fuzzy AND and fuzzy OR operations, respectively; v; and I; denote input and bias of the
jth and ith neuron, respectively; f; are the activation functions, which are assumed to
be discontinuous; 7;;(¢) and d;;(t) correspond to the discrete time-varying delay and the
distributed time-varying delay at time ¢ satisfying 0 < 7;;(¢t) < 7 and 0 < §;;(¢) < 4,
where 7 = maxi<; j<n SUDser |Ti; ()] and 6 = maxi<; j<n SUPyer |0:5(t)], 7 and 6 are
nonnegative constants. Let £ = max{r,d}.

The initial conditions of system (1) are

zi(s) = ¢i(s),  @i(s) = ¢i(s), s€[=¢0]
Throughout the paper, we always use 7, j € I, unless otherwise stated.

Remark 1. The proposed neural system includes the inertial items, fuzzy logics, CG
terms, discontinuous activations and discrete and distributed time-varying delays. Thus,
the presented results are obtained in a more general framework and are more practical
than the aforementioned previous results cited in the references such as [8, 13, 14,24].

Design the following generalized variable transformation:
yi(t) = pizi(t) + wizi(t), (2)

where p; and w; are positive constants. Then system (1) can be rewritten as

& (t) = —2tai(t) + -ui(t),
9i(t) = —al( )yi(t) + wlal( )i (t) — pabi (¢, i () [ki (¢, 24(t))
- Z? 1 dijvy — ZJ 1 cij(t) f; (xj(t))
- Z?:l hij(t)fj (IJ (t — Tij (t))) 3)
- /\?:1 Tijvj — /\? 1 i (8)f; (17] (t Tw (t)))
= Nj=1Pis(t) ft 5y () 1 (z;(s)) ds SijV
\/;L 1 Bii () f; (x]( —7ij(t)))
] G wij(t) ft 5ij fJ(xJ(S))dS_ it )]

where 'dl (t) = Qa; (t) — wz/ul
The initial conditions of system (3) are

zi(s) = 07 (s),  wi(s) = i (s) + wid (s) £ @}(s), s € [=€,0].

https://www.journals.vu.lt/nonlinear-analysis
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Remark 2. Two tunable variables y;, w; are introduced instead of one variable to express
the transformation. Currently, lots of previous results for INNs are obtained based on
variable transformation with u; = 1 or g; = w; = 1. In order to further reduce the
conservativeness, as verified in [8], two free-weight coefficients 1;, w; can be introduced
to the transformation.

Next, the controlled DFICGNNS are obtained as

Ti(t) = ——xz( )+ i),

Ui (t) = —a; (t)yi (t) + wia; (£)zi(t) — pibs (¢, 25(t)) [ki (¢, 24(1))
Z? 1 dijvy — Z] 1Cij(t)fj(xj(t))

E;l 1 hij (8 f; (% (t — Tij (t)))
~ N T

4
ijVj — /\J 1 it )f](acj(t sz(t))) @

=1

/\ _1pi5(t) ft 8i5(t) filai(s)) ds Sijv;
\/] 1617(t)f7(x3( 7;5(1)))
(t)

Vi1 wis () ft 54 t)f](x](s)) ds — I;(t)] +ui(t),
where u;(t) are the feedback control laws to be designed later.

Throughout this paper, we assume that the activation functions satisfy the following
conditions:

(Al) Foreachi €1, f; : R — R is piecewise continuous.
(A2) For each i € I, there exist nonnegative constants .A;, 13; such that
SUP, e Kk [fi](xs) [Vi] < Ailzi| + B; forall z; € R.

Here K[f;](u) £ Ns=o M,.xv)=0 LS (¢, B(u, 6) \ N)], co[E] denotes the closure of the
convex hull of set E, u(N) denotes the Lebesgue measure of set N, and B(u,d) is the
open ball with the center at 4 € R and the radius 6 € R.

2.2 Basic definitions and lemmas

Notations. Let R be the space of real number, R, be the set of all nonnegative real
numbers and R™ denote the n-dimensional Euclidean space. Consider the column vectors
v = (v1,%2,...,7,)" € R" and ||z| = VT2, where the superscript T represents
the transpose operator. A continuous function v : R — R belongs to the class K if it
is strictly increasing and v(0) = 0. C([a,b],R™) denotes the space of all continuous
functions ¢ : [a,b] — R™ with uniform norm ||¢|| = sup,«;<;, [¢(t)|. sgn(-) denote the
sign function.

Define f = sup,cp | ()], f~ = infier | f(¢)], where f(t) is a bounded and contin-
uous function. Let A be an open subset of C'([—¢, 0], R™) containing 0.

Definition 1. (See [16].) The origin of system (4) is finite-time stable, where u; (t) =0, if

(i) The origin of system (4) is stable;

Nonlinear Anal. Model. Control, 26(5):759-780, 2021
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(i) The origin of system (4) is finite-time convergent, i.e., for any initial state
©(s) € A, there exists 0 < T'(¢) < +oo such that every solution of system (1)
satisfies (¢, ) = 0 forall t > T'(¢p).

The functional Ty(p) = inf{T () > 0: x(t,¢) = 0 Vt = T(p)} is called the settling-
time of system.

Lemma 1. (See [16].) Let there exist a continuous function V : [0, +00) x A — R and
two functions v, r of class K for the controlled system (4) such that

O V(t,0) =0 v(|z]) < V(tz),te]0,+00);
(i) DTV (t,x) < —r(V(t,x)) with foa dz/r(z) < +ooforalle >0, x € A

Then System (4) is finite-time stable with a settling time satisfying the inequality Ty(p) <
fV ©.6) dz/r(z). In particular, if r(V') = AV?, where A > 0, p € (0, 1), then the settling
time satisfies the inequality

V(0,¢)
dz  V17P(0,¢)

To(p) < 0/ @ = m

Lemma 2. (See [5, Chain Rule].) Assume that V(x) is C-regular (regular, positive
definite and radially unbounded) and y(t) is absolutely continuous on any compact sub-
interval of [0,+00). Then V(x(t)) and z(t) are differentiable for almost everywhere
t € [0,+00), and dV (z(t))/dt = &' @(t) for all & € OV (x(t)), where OV (z) =
ollimg oo VV(2g) : 2 — @, o € N, z ¢ 2]. Here 2 C R™ x R is the set of
points, V is not differentiable, and N C R™ x R is an arbitrary set with measure zero.

Lemma 3. (See [26].) Suppose x and y are two states of system (1), then the following
inequalities hold:

Z|O‘u‘|gj IJ — Gj y])|

95 () — /\ @ij9(y;)

ZWUHQJ xj —3gj y])|

\/ /Bijgj(x] \/ /szg] y]

j=1
For the sake of convenience, we provide the following basic assumptions:

(A3) For any i € I, there exists positive constant b; such that b; (¢, z;(t)) < b;.

(A4) Foreach x € R, k;(-,x) is continuous, k;(¢,0) = 0 and there exists a continu-
ous function A;(t) > 0 such that |k; (¢, 2)| < 4;(t)|z|, z € R.

(A5) The discrete time-varying delays 7;;(¢) are continuously differentiable function
and satisfy 7;;(t) # 1 for¢,j € L.

(A6) The distributed time-varying delays d;;(t) are continuously differentiable func-
tion for ¢, 5 € L.

https://www.journals.vu.lt/nonlinear-analysis
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3 Finite-time stabilization analysis

In this section, we will consider the finite-time stabilization for the proposed DFICGNNSs.

Design the following delayed feedback control law:
t

u;(t) = sgn(yi(t)) <)\i = oi| @i ()] = |z (t — 750 (8)) | —mi / |zi(s)| ds), )

t—08;4(t)

where i € I, \;, 0;, ; and 7); are gain coefficients to be determined.

Theorem 1. Suppose that assumptions (A1)—(A6) are satisfied and the following assump-

tion hold:
1 ~ Wy
(AT) hmsup{ - az(t)} <0, ai(t) =a;(t) — —,
t—+oo (i i

Ay = ltlglg.lof{—)\z +,Uz'Bz"I | + pib; Z ’C” )| + |hij(t)|
+ e (8)| + | Bi (1)] + !Wi.i )63 (0)] + i3 (][]0 (1)])

+ |vi|(|dis| + |T35] + |S¢j|)]} =0,

hmsup{—m G wfat)] + i)
L

t——4o0 "
n B hii -
S bt AL ) e

j=1

limsup{% + Z[*|hl](t)| + [LZBZAJ(|hl](t)| + ’Oéij(t” + |ﬁ”(t)|)]}

N

0,
t——+oo

s i+ 3 A s0] sl + o]} <0

t——+oo j=1

Then the closed-loop system (4) is FTS, and the settling-time satisfies Ty = V(0)/A,
A = min;e1{A;}, where

- —~ hij (@3 ( )|

i:l i=1j=1__"(o)
+ Z Z / / ‘xj ‘ duds.
i=1j=1_ 2(0)

Nonlinear Anal. Model. Control, 26(5):759-780, 2021
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Proof. Due to the presence of discontinuities in system (4), by using set-valued map
and differential inclusion theory, we have the following differential inclusion system

corresponding to systems (4):

di(t) € =2y (t) + ui(t),

Yilt) € —a;(t)yi(t) + wias(t)wi(t) — pibi (L, v
=20 digvy = 305 e (K[ fi](25(1))
=20y hi (O K[ fi] (25 (t = 75(1))) 6)
- /\?:1 szVj /\;n 1a1J(t)K[fj]

- /\?:1 pij (t ft 8515 (1) K[fj]( i(s )ds
_V;l 1Sw”y \/ _1 B (OK[f5] (5 (t_Tij(t))
Vijoq wij(t ff 8is(t) K[fil(w;(s ))ds— i(t)]

By the measurable selection lemma stated in [2], if (x(t),y(t))" is the Filippov
solutions of system (6), then there exists a measurable function v = (v1,7%2, ..., 7n) "

[—&,+00) — R™, where v;(t) € K[f;](z;(t)) such that

i(t) = —2ay(t) + -yi(t),
Git) = —i(t)yi(t) + witi ()i (t) — pabi(t, 2:(1) [Fi (t, @ (t))

- Z 1 digvj — Z] 1€ (8)75(t)

- Z;l=1 hij (£ (¢ — 735(1))

- /\?:1 Tijvj — /\] 1 i (t) J(t*ﬂa( ))

- /\?:1 pij(t ft 815 (t) 75(s)ds — V 1 SigVi

- V;'L:1 5%]( ) ( — Tij (t))

= Vi wij(t ft 8:5(t) vi(8)ds — Li(8)] + @it
hold for almost all ¢t € [—¢, +00), where u%( ) € Klu;(t)], Ku;(t )] Ksgn(y;(t))] x
(=i — o3 (t) — vilai(t — 755(t))| — M ft,(;ji(t) |zi(s)|ds) and

{1}, () >0,

Klsen(y:(t)] =  [-1,1), wi(t) =0,
{—1}, l’l(t) < 0.

Consider the following Lyapunov—Krasovskii candidate functional:

hl] 17
zz(t)|+|yz( +ZZ / 7%|xj(5)|ds

1=1 =1 j= 1t 75 (8)
0 t

—I—Z l / / |z (u)| duds,

where gojjl is the inverse function of ¢;;(t) =t — 7;;(t).

)

=
o
M-

https://www.journals.vu.lt/nonlinear-analysis
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It is easy to verify that V'(¢) is C-regular. Calculating the time derivative of V' (t)
along the trajectory of system (7), it follows from Lemma 2 and assumption (A5) that

ngn i (0)[-Lai) + (0]

7

+ ngn yi(t {—az( )i () + wi; (B (t) — pibi (¢, x(t))

x [ (t,zi(t E:d”bg 2:0” i) = Y P (B, (t = 7ij (£))
Jj=1
t

— /\ Tivj — /\ a5 ()5 (t — 7 (t /\ pi;(t / v,(s)ds — \/ Sijv;
i=1 j=1 i=1

t—=85(t) =1

+u,»(t)}

his (7
+ZZ¢% ZZW\% —7ij(1))]

t

— \/ Bij (), (t = 735(t)) — \/ wi (t) / i (s)ds — I;(t)

t—8:;(t)

=1 j=1 Tij SDU =1 j=1
t n m
159 WACHY INTOIETES 35S / 25()] s

=1j=1 t—08;;(t) ==l 335 (t)

0
—ZZ / |z;(t + s)| ds,

=1 j:1—571.7’(t)

which, together with (7), assumptions (A2)—(A4), Lemma 3, gives

n

V(t)<Z|:li_az :||yz ""Z{_O’z_ﬂ"‘wz‘az ‘+M1bA()

i=1 i=1

n B hji(o7,
+ 3 [ Adeso] + s }lmt)\

j=1 1 - le((p_]l (t

" { 3 \hij(ﬂ!wibi«%(\hij(ﬂ!+|%-(t)|+!ﬁu<t>|)}}

xz(t — 754 ( ))’

+ { it b |1t |+um§: (Jeij ()] + |hij ()| + | iy )] + | Bi (1))
1

H'M:
I

X

3

3
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+ |wis ()] 055 (8)] + | i ()] 02 (0)]) + 5] (Idiz | + | Ti5] + SijM}

+Z{ 771+Z b Ai (|ji(1)] + Jwji (B)]) + 0j(t )]} / |zi(s)| ds.
i=1

5=l t—8;;(t)
According to assumption (A6), we can have V(t) < —A, where A = min;er{4;} and

— puibi Z (Jeis )] + [Rig (8)] + [ ()] + |Bi; (1)

+ ’Wu H5za )| + i ()]0 ®)]) + 151 (Idig | + |Tis] + 1Si51)] -

Then there exists a constant Ty = V'(0)/A such that V' (¢) = 0 for all ¢ > Tj. Therefore,
according to Definition 1, system (1) is finite-time stabilizable under the designed control
law (5). O

Remark 3. During the past several years, some delayed control laws have been designed
to help achieve FTS for the delayed neural networks and INNs. But, compared with the
previous delayed control laws, which can only help achieve FTS for neural networks with
discrete delays (see [11]), the designed mixed time-varying delayed control law cannot
only cope with the discrete delays, but also the distributed delays. From this point of
view, the proposed control strategy is more generalized.

Remark 4. From Theorem 1 one can see that the FTS can achieve is based on the derived
delay-dependent criteria. This fact can further show that the delays can affect the FTS of
INNs. Thus, the established results in this paper can include and extend the previous
works on the INNs based on the delay-independent criteria such as [20,21].

Let 6;;(t) = 0, ¢,j € L, and consider the following DFICGNNSs with discrete time
delays:

i(t) = —ai(t)ai(t) — by (t, (1)) | ki (t, 2t Zd”yj

- cij(t f] z;(t Zh f] J:J Tij(t)))

n
j=1
n

/\ ijVj — /\O‘ZJ ()15 (; (t = 73;(1)))

- \/ B'j (t)fj (1[,’] ( Ti] \/ Szy v — i . ()

j=1

3

https://www.journals.vu.lt/nonlinear-analysis
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By using the variable transformation (2), set-valued map, differential inclusion theory
and measurable selection lemma, we can have the following loop-closed system:

i(t) = —arai(t) + -yi(t),
Gi(t) = —ai(t)yi(t) + wids(t)zi(t) — pabi(t, (1)) [ks (¢, 2:(t))
=2 dijry = 200 e (O (1) = 205 iy ()i (E = 7i5(8)) ©)
= Ny Tijvy — Ny i ()5 (t — 73 (1))
= Vo) Sigvs = Vi Big(t)y; (¢ = 7i5(8)) — Li()] + wi(?),
where u; (t) are the feedback control laws to be designed later.
Corollary 1. Suppose that assumptions (A1)—(AS) are satisfied, and the following as-

sumption hold:

. 1 .
(A8) limsup { - ai(t)} <0,
t—+oo [ Mi

A= hminf{_xi + ﬂigi|ji(t)| + ,uz Z |Vj |d13| + |Sz1| + ‘TL]D

t——+o0
+ Bj (|eig (0)] + [hig(8)] + i ()| + |ﬂz‘j(f)|)]} 20,
lumsup{—az - /7 =+ wl|az )| + b Ai () + Zﬂjgj‘cji(t) A

t——+o0
U hier (1))
+Zl— —1 ))}go’

j=1 Tﬁ(@jz’ (t

]imsup{—% + Z[—‘hji(t)’ + ujgj./liﬂhji(t)‘ + ’Ozji(t)’ + ‘ﬂﬂ(t)‘)]} < 0.
t—+o0 J=1
Then the closed-loop system (9) is FTS via the following designed control laws:

i (t) = sgn(y; (1)) (= N — Fa|ai(t)] — Fa|wi (¢ — 73(8)) ]), (10)

where 1 € [, )\l, o; and 7y; are gain coeﬁﬁctents to be determined. Moreover, the settling-
time is estimated as follows: Ty = V(0)/A, A mlnleﬂ{A }, where

5 - 1 [hij (3" ()]
V(O):Z(|xz(0)|+|y7(0)|)+zz lj—szj(s)|ds.
i=1 =15=1_" ) - le(%j (s))
Proof. Consider the following Lyapunov—Krasovskii candidate functional:
t
> - |hij (03" ()]
V(t):Z(‘xz(t”“l“yz( +ZZ / j—J))|£Uj(S)‘dS, (11)

1 — 7 (05 (s
i— J
=1 =1 j= 1t7T1] 0 ]

Nonlinear Anal. Model. Control, 26(5):759-780, 2021


https://doi.org/10.15388/namc.2021.26.23935

770 F. Kong et al.

where <pi_j1 is the inverse function of ¢;;(t) = ¢ — 7;;(t). Calculating the time derivative

of V(t) along the trajectory of system (9), we can have
Zbgn it [—Mm( fyt ] + Zbgn vilt { ai(t)yi(t)
+ wilt; ()i (t) — pibi (¢, 24(t)) l (t,wq(t Zd”yj Zlcij(t)vj(t)
iz
- Zn; hij (£); (t = 73;(t)) — /\ Tijvj — /\1 aij ()75 (t = 73 (t))
= _ _

+ 171‘(75)}

~— |hij (e
+zz'.“”“)')) -3 D a0 o)

ol Tii(%] (t i=1 j=1

n

_vSijVJ \/Bm 'VJ Tw()) Ii(t)

By using a similar method with that in Theorem 1, we get
- t) < Z |:lj — al ] |yl | + Z{_Ul —|—w1|al | =+ ,Uqglﬂz(t)
i=1
~ |hji(eji (1))
+ b lcii(t) A + — i(t
jz:;u] J‘CJ ()’ ;I_Tji(wj‘il(t)) ’Z()|
+ 3 3 A+ b Ai([hg ()] + [ays ()] + 185:(2)]) — [hsa(0)]}
i=1j=1
X ’:cl(t — sz(t)”

+Z{Xi+ﬂibi“¢(t)|+ﬂz z |VJ| |d21|+‘5m|+|Tw|)
+@WMM+MMM+MMN+WMMH}

From Assumption (A8) it follows that V() < —A, where A = min;e1{A;} and

n

A = ltiLn_ggof{_)‘i + Ni5i|fi(t)| + pib Z |VJ |dw| + |SZJ| + |Tw|)

+&WMM+MMM+MMM+WMMN}
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Then there exists a constant Ty = V(0)/A such that V (¢) = 0 for all ¢ > Tp,. Therefore,
according to Definition 1, system (8) is finite-time stabilizable under the designed control
law (10).

The proof is completed. O

For i,j € I, let 7;(t) = 0 and 6;;(¢t) = 0, and further consider the following
DFICGNNS:

Bi(t) = —a; () (t) — bi(t, @ (¢t ))l (t,zi(t deyj

- Z cij(t) fi(2;(t)) — /\ Tijvj — /\ aij (t) fj (2;(1))
- \/ Sijvj — \/ B (8) £ (x(1)) — Ii(t)]~ (12)

By using the variable transformation (2), set-valued map, differential inclusion theory
and measurable selection lemma, we can have the following loop-closed system:
i(t) = —2twi(t) + owi(t),
4i(t) = —ai(t)yi(t) + wiai(t)ai(t)
— ﬂlb t ZCZ [ (t ) Z?:l dijl/j (13)
- Z?:l cij(t ) 7;(t) — /\j:l Tijv; — /\?:1 o ()75 (t)
= Vi1 Sigvi = Vi1 Bii ()7 (8) — Li®)] + i(8),

where u;(t) are the feedback control laws to be designed later.

Corollary 2. Suppose that assumptions (A1)—-(A4) are satisfied and the following as-
sumption hold:

1
(A9) lim sup{ - ai(t)} <0,
t——+oo (M

~

i - lgggg{x b L |+zuz {18 (e 0)

+ |ai; (0] + [Bi;(1)]) + vl (Idig| + | Ti| + |Sij|)]} >0,
lim SUP{—@ — @i ()] + pabi A (t)
t——+o0 1223

+ 10305 Ai ([ezi(t)] + Jea(8)] + |5ﬂ(t)’)} <O
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Then the closed-loop system (13) is FTS via the following designed control laws:
Ui(t) = sen(yi(t)) (=i — 5| zi(t)]), (14)

where i € I, \; and 7; are gain coefficients to be determined. Moreover, the settling-time
is estimated as follows:

Ty = %, A= Inln{A I3 ‘7(0) = Z (|$z(0)’ + |yz(0)|)

el
¢ i—1

Proof. Consider the following Lyapunov—Krasovskii candidate functional:

n

V()= (lz®)] + [w:1)]).

=1

Calculating the time derivative of \7(t) along the trajectory of system (13), we can have

ngn zi(t [—Zml( ) + —yl ] +ngn yi(t {—5i(t)yi(t)

K2

il (8)ai () — pabi (£, 4(1)) [k (t () = Y iy = D eis(t)1 (1)
j=1 j=1
— N\ Tijv; - /\ aij(t)y; (t \/ Sivi =\ Bii(t)y;(t) — Ii(t)]
j=1 j=1

+ sgn(yi(t)) (le — ?nxi(t)) }

By using a similar method with that in Theorem 1, we have

?(t)éi{—az :|’y7, |+Z{ Uz—*+°’1|“l )|

=1 K

b Ait) + 1355 As(ess(8)] + [aga(t)] + \5ji(t)|)}|wi(t)!
+ Z{—Xi + pibi| I (1)) + ZME [B;(|es (t)| + |ev; ()] + | Bis(2)])

+ w5l (Idij| + [T55] + 1Si51) ] }

Then there exists a constant 7y = V/(0)/A such that V (¢) = 0 for all ¢ > Tp. Therefore,
according to Definition 1, system (12) is finite-time stabilizable under the designed control
law (14).

Up to now, the proof is completed. O
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Remark 5. From Theorem 1 and Corollaries 1-2 one can see that the results on FTS of
DFICGNNs with mixed time-varying delays, with discrete time delays and without time
delays are established. If we make some comparisons between Theorem 1 and Corollar-
ies 1-2, there exist at least three points need to be pointed.

First, from the criteria derived in assumptions (A7), (A8) and (A9) it follows that
time-varying delays can affect the FTS of the considered DFICGNNSs. That is to say,
the delay-dependent criteria derived in this paper can better illustrate the FTS of time-
varying delayed INNs. Thus, the delay-independent criteria derived in [8, 13, 19-21,
24] can be extended. Second, compared with Theorem 1 and Corollary 1, we can see
that discrete time-varying delays can affect FTS of the considered DFICGNNS, but the
distributed time-varying delays can also affect FTS of the considered DFICGNNs. From
this point of view, the result established in Theorem 1 can extend some previous related
works on INNs and fuzzy neural networks without distributed time-varying delays such
as [20,21] and [8, 11, 24]. Lastly, the activation functions considered in this paper are
discontinuous, which are different from the continuous activation functions studied in the
previous INNs. Moreover, it is clear to see that assumption (A2) can still hold when the
activation functions are continuous.

Remark 6. In contrast to the asymptotic convergence results in [13], global exponential
convergence results in [7,19,20] and Lagrange exponential stability convergence results
in [21], the finite time convergence obtained in this paper can provide faster convergence
speed.

4 Numerical examples and simulations

In this section, two numerical examples are given to verify the correctness of the obtained
results.

Example 1 [Example used to verify Theorem 1]. Consider the following two-dimensional
DFICGNN with discrete and distributed time-delays:

i(t) = —ai(t)ai(t) — bi(t,zi(1)) l (t, 2 (t deyj
= > i) (@5(0) =Y iy () f (w5 (t = 75(1)))
j=1 j=1
- /\ Tijvj — /\ i (t t — Tij (t)))

t

— N\ pij(t) / Fi(s)) ds = \/ Bij(0) £ (w; (t — 7i5(1)))

=1 ) =t
n t
- \/ wij(t) / f] x] \/ S’le/j i , (15)
J=1 t*(;ij(t)
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where a1 (t) = 5.9 + 1.5cost, as(t) =
bo(t,z) =2+1/(2(1+2%)), k1 (t,z) =

_ (0.740.2cost
(Cij(ﬁ))zw ~ \—240.5sint
0.4+ 0.1sint
1.6 + 0.3 cost

2.4+ 0.6sint
1.2+ 0.8cost

—1+4+0.1sint
0.8 4 0.2cost

0.5+ 0.3cost
1.7+ 0.2cost

e
e
(
( 2+0.2 t

(wij(t))QXQ - (—0.4+0.3cost
(dij)axz = (Tij)axz = (Sij)exz = (%' o%

2><2
(@i (1) gp =
(pis(t 2><2
ﬁ” 2><2

)1/1—1/2—1]1

F. Kong et al.

5.3 + 2.7cost, by(t,x) = 2 + 1/(2(1 + z?)),
(1.540.3sint)x, ka(t,x) =

(1.540.5cost)z,

0.9+ 0.6sint
—1.8+0.3cost )’

0.7+ 0.3cost
0.3+ 0.1sint
—1.4+0.7cost
—1+0.3sint /)’
—0.54+0.2cost
—1.7+0.3sint /)’
—1.9+0.2sint
—1.5+0.5sint

—1.6+0.2sint
—1.54+0.3sint

= 5+ 3.5sint,

Ix(t) = 6.6—1.4cost, 7;;(t) = 0.5sint, 7',]( ) # 1,0;(t) =04cost, t >0,4,5 =1,2.

Then we have that b; = by =

5/2, 7 = 0.5, 74;(t) = 0.5cost # 1,6 = 0.4 and

Aq(t) = 1.5 + 0.4sint, Ay(t) = 1+ 0.9cost. Then assumptions (A3)—(A6) are all
satisfied.
Define
0.5tanhxz — 0.1, =z > 0;
file) = falw) = {05tanhz+01 z < 0.

It is easy to see that the activation function f;(x) are discontinuous and nonmonotonic.

The activation function f; () has a discontinuous point = 0, and @o[f;(0)] = [f;F(0),
fi(0)] = [-0.1,0.1], ¢ = 1,2. Thus, assumptions (A1) and (A2) all hold if A; = A, =
0.5 and Bl = BQ =0.1.

Furthermore, let p11 = po = 0.4, w1 = wy = 0.5, A1 =9, A2 = 5.2, 01 = 9.43, 05 =
9.23, 1 = 0.95, v = 0.8, m1 = 2.5, ne = 2.95, then it follows from straightforward
computation that assumption (A7) holds and A; ~ 0.79 > 0, A5 ~ 1.59 > 0.

By using the generalized variable transformation y;(¢t) = 0.4dx;(¢)/dt + 0.5z;(¢),
system (15) can be rewritten as

A — 880 (1) + w(0),
ill) — G ()yi(t) + 0.5a;(£)xi (L) — 0.4 (¢, 25(1)) [ki (¢, (1))
- Z;L 1 dijVj Z? 1€ () f (‘TJ (t))
- Z;L Lhij () f; ($J< — Tij (ﬂ)) /\g 1 1 (16)
- /\?:1 O‘U( )i (xj( Tm(t))) ] 1 Pm( ftt—é,;j(t) i (371(5)) ds
- \/?:1 SUV] - ] 1Bi(8)f; (xJ( Tij (¢ ))
_\/?:1 wij(t ft 615 (1) ) fi (z;(s)) ds — Li(t)],
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value
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time

time

Figure 1. State trajectories of variables x1 (¢), z2(¢) and y1 (¢), y2(¢) of system (16) with the initial condition
(1,-2), (—2,1.5) and without controllers.

where a@;(t) = a;(t) — w;/p;. Under the initial condition (¢1(s), ¢2(s)) = (1,—-2)
and (¢1,12) = (—=2,1.5), s € [-0.5,0], the state trajectories of variables x(t) =
(w1(t), z2(t)) T and y(t) = (y1(t),y2(t)) " of system (16) are shown in Fig. 1.

Design the following controlled DFICGNNS:

i(t) = —g37i(t) + 5vi(),
Yilt) = —ai (t)yz(t) + 0.5 ()i (t) — 0.4b; (t, (1)) [Fi (¢, (1))
1dZJVJ Z; 1 Cij () fi ( 5(t ))
- E? 1hij () f; (x]( —7i5(t) )) /\] 1 1 (17
- /\;Lzl O‘U( )i (33]( 7ij (t) )) j 1 pl] fttﬂsij(t) I (xj (3)) ds
- Vn SUVJ g 1 Bz (1) J(xj (t Ti;(t ))
Vi wis(t ft 51y t)f](:cj (s)) ds — Li(t)] + us(t),

where delayed feedback control laws are designed as follows:

uy (t) = sgn(y1(t)) (—9 —9.43|x1(t)]
—0.95|z1(t — 0.5sint)| — 2.5 / |z1(s)| ds
t—0.4cost

(18)

t

us(t) = sgn(y2(t)) (—5.2 - 9.23|x2(t)’

— 0.8z (t — 0.5sint)| — 2.95 / |x2(s)|ds>.
t—0.4cost

Thus, the closed-loop system (16) is FTS via delayed feedback control laws (17) and the
settling-time Ty ~ 13.038(s). This fact is shown by Fig. 2.
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Figure 2. States trajectories x(t) and y(t) of system (17) via delayed feedback control laws (18).

Example 2 [Example used to verify Corollary 1]. Let 6;;(¢) = 0, 4,5 € I, and consider
the following DFICGNNSs with discrete time delays:

Fi(t) = —ai(t)di(t) — b (t, 24(t)) | ka(t, 2t Zdwuj
= i) f (@) =Y i () fi (w (£ = 755(1)))
j=1 Jj=1
= N\ Tijvs — N\ (0 (2 (t — 735(1)))
j=1

j=1

— VB0 f5 (w; (t = 7i5(1)) ) — \/ Sijvj — fz‘(t)] ; (19)

Jj=1

where a;(t) = 5.6 + 2.1cost, as(t) = 4.7 + 2.5sint, by (t,x) = 1 + 1/(3(1 + 22)),
ba(t,x) =14 1/(3(1 + 2?)), k1(t,z) = (1.9 + 0.7sint)z, k2 (t, x) = (2.5 + cost)x,

(i (), = 1+ 0.2cost 0.8+ 0.6sint
" 2x2~ \ =13+ 0.4sint —0.440.2cost

(h(t)) . —1+4+0.2sint 0.4+ 0.1cost
W\ )2x2 7 \ —1.140.5cost 0.2+ 0.1sint

(i), . = —1.3+0.5sint —1.540.6cost
WA )ax2 =\ ~1.9 + 0.4cost  —0.7+ 0.3sint

(ﬂ‘(t)) . —2.4 + cost —1.8+0.3sint
Wi )ax2 = \ 1.8 4 0.3cost —0.6+0.5sint )’

(dij)axz = (Tij)axz = (Sij)axz = (%t %), 1 = 2 = 1, L1(t) = 2 — 1.1sint,

Ir(t) = 3.8+ l4cost, 7;;(t) = 0.5sint, 74;(t) # 1,t > 0, 4,5 = 1,2, and the
discontinuous activation functions f1(x), f2(x) are the same as those in Example 1. Then
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value

) 0 ; 1‘0 1‘5 2‘0 2‘5 30 0 ; 1‘0 1‘5 2‘0 2‘5 30

time time
Figure 3. State trajectories of variables x1 (¢), z2(¢) and y1 (¢), y2(¢) of system (20) with the initial condition
(1,-2), (—2,1.5) and without controllers.

we have that by = by = 4/3, 7 = 0.5, 7;;(t) = 0.5cost # 1, A1 (t) = 1.9 + 0.7sint,
Ay (t) = 2.5 4 cost. Then assumptions (A1)—(A2), (A3)—(A5) are all satisfied.
Furthermore, let 1 = po = 0.6, w1 = ws = 1.8, \; = 0.1, Ay = 0.2, 51 = 7.58,
gy = 9.6, 71 = 0.96, 72 = 0.86. Then it follows from straightforward computation that
Assumption (A8) holds and A; ~ 3.3 > 0, Ay ~ 4.88 > 0.
By using the following generalized variable transformation y;(t) = 0.6dx;(¢)dt +
1.8x;(t), system (19) can be rewritten as

dxét(t) _ _ 18 80 (t) Gyl( )
Wil — G (1) ya(t) + 1.83;(8)zi(t) — 0.6b; (¢, :(t)) [ki (¢, (1))
25;1 dijvy — Z] EHONICO) (20)
— b0 (xj (t=7i5(t)))
/\;1 1 Ty — ] v (05 (@ (t = 7i;(8))
= Vo Sijvy = Vi B ()£ (2 (t = 73;(1))) — Li(t)],

where @;(t) = a;(t) — w;/p;. Under the initial condition (¢1(s), ¢2(s)) = (—0.5,1)
and (¢1,12) = (1,-0.5), s € [—0.5,0], the state trajectories of variables x(t) =
(x1(t), 22(t)) " and y(t) = (y1(t),y2(t)) " of system (20) are shown in Fig. 3.

Design the following controlled DFICGNNS:

ii(t) = —§3xi(t) + 5ui(t),
Ui (t) = —ai(t)yi (t) + 1.8a;(t)zi(t) — 0.6b; (¢, z;(t)) [ki (t, (1))
- Z?:l dijvj — Z] 1 CZJ( )i (z;(1)) 1)
- Z?:l hij (t)f] (xj( TZJ (t) ))
/\;L LT — N ot fj(x](t—ru (t) ))
- \/;L:1 SUVJ - ;L 1 Bii(t) f; (x] (t — 75 (t) )) - Ii(t)] +u;(t),
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Figure 4. States trajectories x(¢) and y(¢) of system (21) via delayed feedback control laws (22).

where delayed feedback control laws are designed as follows:

uy(t) =sgn(y1(t)) (— 0.1 — 7.58|z1 (t)| — 0.96]x1 (¢t — 0.5sint))|),
Us(t) = sgn(y2(t)) (— 0.2 — 9.6|x2(t)| — 0.86|z2(t — 0.5sint)]).

(22)

Thus, the closed-loop system (21) is FTS via delayed feedback control laws (22) and the
settling-time T ~ 3.456(s). This fact is shown by Fig. 4.

Remark 7. Since the INNs considered in [7,13,20,21] or fuzzy INNs considered in [8,24]
are the special case of ours, so, the finite time stability of their considered DFICGNNSs can
be obtained directly by using Theorem 1 and Corollaries 1-2. Therefore, the established
FTS results in the paper are more inclusive and generalized.

Remark 8. Theorem 1 and Corollary 1 provide the delay-dependent criteria ensuring
the FTS of the considered DFICGNNs with discrete and distributed time-delays. In sharp
contrast to the delay-independent criteria derived in the previous works concerning de-
layed INNs, the delay-dependent criteria derived in the paper take more advantages.
Moreover, Examples 1 and 2 can illustrate the influence of time-varying delays.

5 Conclusion

In this paper, we have investigated the finite-time stabilization for a class of discontinu-
ous fuzzy inertial Cohen—Grossberg neural networks with discrete and distributed time-
delays. Based on a generalized variable transformation including two tunable variables,
differential inclusion theory and by constructing a modified Lyapunov—Krasovskii candi-
date functional concerning with the mixed delays, delay-dependent criteria formulated by
algebraic inequalities are derived to ensure the finite-time stabilization for the addressed
system via the designed delayed feedback control law. Moreover, the settling time is
estimated. Some related works on inertial neural networks can be extended. Finally, two
numerical examples are carried out to verify the effectiveness of the established results.
The results established derive less conservativeness and are more inclusive.

https://www.journals.vu.lt/nonlinear-analysis


https://www.journals.vu.lt/nonlinear-analysis

Discontinuous fuzzy inertial Cohen—Grossberg neural networks 779

Acknowledgment. The authors thank the anonymous reviewers for their insightful sug-
gestions, which improved this work significantly.

References

1.

10.

11.

12.

13.

C. Aouiti, X. Li, F. Miaadi, Finite-time stabilization of uncertain delayed-hopfield neural
networks with a time-varying leakage delay via non-chattering control, Sci. China, Technol.
Sci., 62:1111-1122, 2019, https://doi.org/10.1007/s11431-017-9284—y.

J. Aubin, A. Cellina, Differential Inclusions, Sprigner, Berlin, 1984, https://doi.org/
10.1007/978-3-642-69512-4.

K. Babcock, R. Westervelt, Stability and dynamics of simple electronic neural networks with
added inertia, Physica D, 23:464-469, 1986, https://doi.org/10.1016/0167-
2789(86)90152-1.

H. Du, S. Li, C. Qian, Finite-time attitude tracking control of spacecraft with application
to attitude synchronization, IEEE Trans. Autom. Control, 56:2711-2717, 2011, https:
//doi.org/10.1109/TAC.2011.2159419.

A. Filippov, E. Arscott, Differential Equations with Discontinuous Righthand Sides: Control
Systems, Springer, Dordrecht, 1988, https://doi.org/10.1007/978-94-015-
7793-9.

V. Haimo, Finite time controllers, SIAM J. Control Optim., 24:760-770, 1986, https:
//doi.org/10.1137/0324047.

C. Huang, B. Liu, New studies on dynamic analysis of inertial neural networks involving non-
reduced order method, Neurocomputing, 325:283-287, 2019, https://doi.org/10.
1016/j.neucom.2018.09.065.

J. Jian, L. Duan, Finite-time synchronization for fuzzy neutral-type inertial neural networks
with time-varying coefficients and proportional delays, Fuzzy Sets Syst., 381:51-67, 2020,
https://doi.org/10.1016/7.fs5.2019.04.004.

F. Kong, R. Sakthivel, Delay-dependent criteria for general decay synchronization of
discontinuous fuzzy neutral-type neural networks with time-varying delays, Int. J. Robust
Nonlinear Control, 30:4503-4530, 2020, https://doi.org/10.1002/rnc.5000.

F. Kong, Q. Zhu, T. Huang, New fixed-time stability lemmas and applications to the
discontinuous fuzzy inertial neural networks, I[EEE Trans. Fuzzy Syst., 2020, https:
//doi.org/10.1109/TFUZZ.2020.3026030.

F. Kong, Q. Zhu, R. Sakthivel, Finite-time and fixed-time synchronization control of fuzzy
Cohen—Grossberg neural networks, Fuzzy Sets Syst., 394:87-109, 2020, https://doi.
org/10.1016/j.£ss.2019.12.002.

F. Kong, Q. Zhu, R. Sakthivel, A. Mohammadzadeh, Fixed-time synchronization analysis for
discontinuous fuzzy inertial neural networks with parameter uncertainties, Neurocomputing,
422:295-313, 2021, https://doi.org/10.1016/j.neucom.2020.09.014.

W. Li, X. Gao, R. Li, Stability and synchronization control of inertial neural networks with
mixed delays, Appl. Math. Comput., 367:124779, 2020, https://doi.org/10.1016/
J.amc.2019.124779.

Nonlinear Anal. Model. Control, 26(5):759-780, 2021


https://doi.org/10.1007/s11431-017-9284-y
https://doi.org/10.1007/978-3-642-69512-4
https://doi.org/10.1007/978-3-642-69512-4
https://doi.org/10.1016/0167-2789(86)90152-1
https://doi.org/10.1016/0167-2789(86)90152-1
https://doi.org/10.1109/TAC.2011.2159419
https://doi.org/10.1109/TAC.2011.2159419
https://doi.org/10.1007/978-94-015-7793-9
https://doi.org/10.1007/978-94-015-7793-9
https://doi.org/10.1137/0324047
https://doi.org/10.1137/0324047
https://doi.org/10.1016/j.neucom.2018.09.065
https://doi.org/10.1016/j.neucom.2018.09.065
https://doi.org/10.1016/j.fss.2019.04.004
https://doi.org/10.1002/rnc.5000
https://doi.org/10.1109/TFUZZ.2020.3026030
https://doi.org/10.1109/TFUZZ.2020.3026030
https://doi.org/10.1016/j.fss.2019.12.002
https://doi.org/10.1016/j.fss.2019.12.002
https://doi.org/10.1016/j.neucom.2020.09.014
https://doi.org/10.1016/j.amc.2019.124779
https://doi.org/10.1016/j.amc.2019.124779
https://doi.org/10.15388/namc.2021.26.23935

780

14.

15.

17.

18.

20.

21.

22.

23.

24.

25.

26.

217.

28.

F. Kong et al.

K. Liang, W.L. Li, Exponential synchronization in inertial Cohen—Grossberg neural networks
with time delays, J. Franklin Inst., 356:11285-11304, 2019, https://doi.org/10.
1016/73.3franklin.2019.07.027.

Q. Liu, X. Liao, Y. Liu, S. Zhou, S. Guo, Dynamics of an inertial two-neuron system with time
delay, Nonlinear Dyn., 58:573, 2009, https://doi.org/10.1007/s11071-009~-
9503-2.

E. Moulay, M. Dambrine, N. Yeganefar, W. Perruquetti, Finite-time stability and stabilization
of time-delay systems, Syst. Control Lett., 57:561-566, 2008, https://doi.org/0.
1016/j.sysconle.2007.12.002.

W. Perruquetti, T. Floquet, E. Moulay, Finite-time observers: Application to secure
communication, [EEE Trans. Autom. Control, 53:356-360, 2008, https://doi.org/
10.1109/TAC.2007.914264.

S. Sevgen, New stability results for Takagi-Sugeno fuzzy Cohen—Grossberg neural networks
with multiple delays, Neural Netw., 114:60-66, 2019, https://doi.org/10.1016/7.
neunet.2019.02.010.

Y. Sheng, T. Huang, Z. Zeng, Exponential stabilization of inertial memristive neural networks
with multiple time delays, IEEE Trans. Cybern., 51(2):579-588, 2021, https://doi.
org/10.1109/TCYB.2019.2947859.

J. Shi, Z. Zeng, Global exponential stabilization and lag synchronization control of inertial
neural networks with time delays, Neural Netw., 126:11-20, 2020, https://doi.org/
10.1016/j.neunet.2020.03.006.

L. Wang, T. Huang, Q. Xiao, Lagrange stability of delayed switched inertial neural networks,
Neurocomputing, 381:52-60, 2020, https://doi.org/10.1016/7j.neucom.2019.
10.052.

L. Wang, Z. Zeng, X. Zong, Finite-time stabilization of memristor-based inertial neural
networks with discontinuous activations and distributed delays, J. Franklin Inst., 356:3628—
3643,2019, https://doi.org/10.1016/7.jfranklin.2018.11.040.

D. Wheeler, W. Schieve, Stability and chaos in an inertial two-neuron system, Physica D,
105:267-284, 1997, https://doi.org/10.1016/S0167-2789(97) 00008-0.

Q. Xiao, T. Huang, Z. Zeng, Passivity and passification of fuzzy memristive inertial neural
networks on time scales, IEEE Trans. Fuzzy Syst., 26:3342-3355, 2018, https://doi.
org/10.1109/TFUZZ.2018.2825306.

T. Yang, L. Yang, The global stability of fuzzy cellular neural networks, IEEE Trans. Circuits
Syst., I, Fundam. Theory Appl., 43(10):880-883, 1996, https://doi.org/10.1109/
81.538999.

T. Yang, L. Yang, C. Wu, L. Chua, Fuzzy cellular neural networks: theory, in 1996 Fourth
IEEE International Workshop on Cellular Neural Networks and their Applications Proceedings
(CNNA-96), Seville, Spain, 1996, IEEE, 1996, pp. 181-186, https://doi.org/10.
1109/CNNA.1996.566545.

X. Yang, Y. Tian, X. Li, Finite-time boundedness and stabilization of uncertain switched
delayed neural networks of neutral type, Neurocomputing, 314:468-478, 2018, https:
//doi.org/10.1016/j.neucom.2018.07.020.

Q. Zhu, H. Wang, Output feedback stabilization of stochastic feedforward systems with
unknown control coefficients and unknown output function, Automatica, 87:166-175, 2018,
https://doi.org/10.1016/7j.automatica.2017.10.004.

https://www.journals.vu.lt/nonlinear-analysis


https://doi.org/10.1016/j.jfranklin.2019.07.027
https://doi.org/10.1016/j.jfranklin.2019.07.027
https://doi.org/10.1007/s11071-009-9503-2
https://doi.org/10.1007/s11071-009-9503-2
https://doi.org/0.1016/j.sysconle.2007.12.002
https://doi.org/0.1016/j.sysconle.2007.12.002
https://doi.org/10.1109/TAC.2007.914264
https://doi.org/10.1109/TAC.2007.914264
https://doi.org/10.1016/j.neunet.2019.02.010
https://doi.org/10.1016/j.neunet.2019.02.010
https://doi.org/10.1109/TCYB.2019.2947859
https://doi.org/10.1109/TCYB.2019.2947859
https://doi.org/10.1016/j.neunet.2020.03.006
https://doi.org/10.1016/j.neunet.2020.03.006
https://doi.org/10.1016/j.neucom.2019.10.052
https://doi.org/10.1016/j.neucom.2019.10.052
https://doi.org/10.1016/j.jfranklin.2018.11.040
https://doi.org/10.1016/S0167-2789(97)00008-0
https://doi.org/10.1109/TFUZZ.2018.2825306
https://doi.org/10.1109/TFUZZ.2018.2825306
https://doi.org/10.1109/81.538999
https://doi.org/10.1109/81.538999
https://doi.org/10.1109/CNNA.1996.566545
https://doi.org/10.1109/CNNA.1996.566545
https://doi.org/10.1016/j.neucom.2018.07.020
https://doi.org/10.1016/j.neucom.2018.07.020
https://doi.org/10.1016/j.automatica.2017.10.004
https://www.journals.vu.lt/nonlinear-analysis

	Introduction
	Previous works
	Major contributions

	System description and preliminaries
	System description
	Basic definitions and lemmas

	Finite-time stabilization analysis
	Numerical examples and simulations
	Conclusion

