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We discuss the delay-independent asymptotic stability of Caputo type fractional-order neutral differential systems with multiple
discrete delays. Based on the algebraic approach and matrix theory, the sufficient conditions are derived to ensure the asymptotic
stability for all time-delay parameters. By applying the stability criteria, one can avoid solving the roots of transcendental equations.
The results obtained are computationally flexible and convenient. Moreover, an example is provided to illustrate the effectiveness

and applicability of the proposed theoretical results.

1. Introduction

Fractional calculus is regarded as a generalization of the
classical integer-order calculus to arbitrary order. Since the
fractional-order derivative has nonlocal property and weakly
singular kernels, it provides an excellent tool for the descrip-
tion of memory and hereditary properties of dynamical
processes. Recently, it has gained increasing interests from
researchers in various areas and has become one of the central
subjects [1-12]. For more details on fractional calculus theory,
one can see the monographs of Miller and Ross [1], Podlubny
[2], Kilbas et al. [3], and Diethelm [4]. Lakshmikantham et al.
[5] and Baleanu et al. [6] have elaborated the theory of
fractional-order dynamics systems.

Stability is an important performance metric for dynamic
systems. Meanwhile, time delay has an important effect
on the stability and performance of dynamic systems. In
the past few decades, numerous results on the stability
problem of integer-order delay differential systems have
been obtained (see [13-20] and references therein). Recently,
there are some results on the stability of fractional-order
differential systems [21-33]. For example, Matignon [23, 24]

discussed the asymptotic stability of linear fractional-order
autonomous systems. In terms of comparison principle [25,
26] and Lyapunov direct method [27], Li et al. [25, 27]
obtained the Mittag-Lefler stability theorems of fractional-
order systems. Linear matrix inequality (LMI) method [28]
and variational Lyapunov method [29] were also used to
investigate the stability of fractional-order systems. Wang
et al. [30] investigated Hyers-Ulam-Rassias stability of a
certain fractional differential equation by means of the fixed
point theorem. Moreover, Rivero et al. [31], Li and Zhang
[32], and Choi et al. [33] summarized and reviewed the
developments and advances in stability of fractional-order
dynamical systems, respectively.

It is worth pointing out that the notable contributions
have been made to the stability of fractional-order delay
differential systems [34-44]. Many methods have been
applied to discuss various types of stability problems for
fractional-order delay dynamical systems, such as Gronwall
integral inequality method [34-36], final-value theorem of
Laplace transform [37], Lyapunov functional method [38, 39],
analytical and numerical methods [40], fixed point theorems
[41-43], and semigroup theory [42].
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In this paper, motivated by the aforementioned works, we
are devoted to discussing the delay-independent asymptotic
stability for linear Caputo fractional neutral differential
difference system with multiple discrete delays as follows:

D | x(t) - ic,.x (t-7) | =Ax () + iBix (t-1,),
=1 i=1

t>0,
x(t)=¢(), te[-1,0],
@

where ©“D%x(t) denotes an « order Caputo fractional
derivative of x(¢), 0 < a < 1, A, B;,C; are n x n constant
matrices, 7; (i = 1,2,...,m) are real constants with 0 <
7, <1, < < 1, = T, the initial function ¢ €
C!'([-7,0],R™), and C'([-7,0],R") denotes space of
continuously  differentiable  functions mapping the
interval [-7,0] into R".

Compared to integer-order differential systems, the
research on the stability of fractional dynamical systems is
still at the stage of exploiting and developing. Different from
the methods in [34-43], we apply the algebraic approach
and matrix theory to establish the delay-independent asymp-
totic stability criteria for system (1), which do not contain
information on delays. We establish the sufficient conditions
which ensure that all the roots of characteristic equation lie
in open left-half complex plane and are uniformly bounded
away from the imaginary axis. At the same time, by applying
these stability criteria, one can avoid solving the roots
of the transcendental equations. The results obtained are
computationally flexible and efficient.

The rest of this paper is organized as follows. In Section 2,
we present some definitions, notations, and lemmas related
to the main results. In Section 3, the sufficient conditions
of the delay-independent asymptotic stability for system (1)
are derived based on the algebraic approach and matrix
theory. In Section 4, an example is provided to illustrate
the effectiveness and applicability of the proposed criteria.
Finally, some concluding remarks are drawn in Section 5.

2. Preliminaries

In this section, we present some definitions of fractional
calculus (see [1-4]), notations, and lemmas used in the paper.

For the sake of convenience, some notations are intro-
duced firstly. Throughout this paper, det(A) represents
the determinant of matrix A, o(A) denotes the spec-
trum of matrix A, p[A] represents the spectral radius of
matrix A, and arg(o(A)) stands for the principal argument
of 0(A) defined on (-m, 7).

(a) Riemann-Liouville’s fractional integral of order g >

0 forafunction f: R" — R”" is given by

Dﬂﬂﬂ:ﬁgLa—wﬂf@&,t>a @)

where I'() is Euler’s gamma function.
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(b) Riemann-Liouville’s fractional derivative of order g
for a function f: R* — R” is given by

1 ar (¢ e

RL t:—_J t— )t ds,

f@® T (m—q) dm 0( s) f(s)ds,  (3)
where 0 <m-1<q<m, meZ".

(c) Caputos fractional derivative of order g for a
function f:R" — R”" is defined as

Crg _ 1 ! _ m—q-1 r(m)
DO =t jo (E-9" T f ()ds,  (4)

where 0 < m—1<q<m,me Z*. Here, “D? isstill
written as D7

(d) The Laplace transform of a function f(¢) is defined as

F®=HﬂM=Lma%ﬂMLSeQ (5)

where C denotes the complex plane and f(t) is n-
dimensional vector-valued function. For m—1 < g <
m, it follows from [1-4] that

m—1
eDIf O] =L [f®)]- Y TP 0. (6
k=0

The following Mittag-Leffler function plays an
important role in the study on fractional-order
differential systems, which is considered as a natural
generalization of the exponential function.

(e) The Mittag-Leffler function in two parameters is

defined as
E s3(z2)= ) =————, g>0, >0,z¢C. (7)
W ST (kq+ p)

In particular, for 8 = 1, the Mittag-Leffler function in
one parameter is given by

+00 k

4
Eq () = Eq,1 (2) = I;)m,

g>0,zeC. (8)

Applying the method of steps [34], we obtain the follow-
ing lemma which generalizes well-known results of integer-
order delay differential systems [13] to fractional-order neu-
tral differential systems.

Lemma 1. For system (1), there exists a unique continuous
solution on [0, +00).

Proof. For system (1), on the interval [-7,0], x(t) = ¢(f).
Thus, when ¢t € [0, 7,], system (1) is given by

D%x (t) = Ax (t) + iBi(p (t-t,)+D" |:§:C,-<p (t- T,»):| .
i=1 i=1
)
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Since Y, Bigp(t — 7;) + D[, Cip(t — 7;)] is continuous
on [0, 1;], from [3], we know that there is a unique contin-
uous solution for system (1) on [-7, 7;], which is denoted as
x,(t), t € [-7,7;]. Furthermore, x,(f) can be expressed by
the following form:

x; ()

@ (t), t € [-71,0],

E, (At*) ¢ (0)
+f,t-0*"'E

- ‘[; i (0-1)
|:§C,<p(0 T ]}d@,

oc,oc [A(t - e)oc]

te[0,7].

(10)
For t € [1},21,], system (1) is given by

Dx (t) = Ax (t) + iB,»x1 (t-1,)+D" [ic,.xl (t- T,»):| .
i=1 i=1
(11)

Similarly, since Y, Bix,(t — ;) + D*[Y", Cixy(t — 7;)] is
continuous on [-T,27;], we obtain that x,(t) is a unique
continuous solution of system (1) on [-7,27;] and

x, (1)

[ x, (1),
E, (At") ¢ (0)
+f, -0

l X {ZB,.xl 6-1)

> Cix, (6 - r,.)] } de, te
i=1

tel[-r,1,],

E, . [A(t-0)"]

[71,27,].

(12)

Assume  that system (1) has a  unique
solution x(f) on [(k — 1)1y, k7;]. For t € [kr),(k + 1)1y],
system (1) is given by

D*x(t) = Ax(t) + iBixk (t—7)+D"

i=1

S e (t - Ti)] .
i=1 (13)

Similarly, since Y, Bix, (t—7;)+D*[Y ", C;x(t—7;)] is con-

tinuous on [kT, (k + 1)7], we obtain that x;,,(f) is a unique

continuous solution of system (1) on [kT,, (k + 1)7,] and
Xk+1 (t)

xi ()5
E, (At") 9 (0)

+fo -0
= 4 X {ZBixk 0-1)

i=1

[ika(e : ”»de,

- € [k, (k+1)1].

t e [-1,kt],

E, . [A(t - 6)]
(14)

According to the mathematical induction, we know that
system (1) has a unique continuous solution on [0, k1,], k =
1,2,....

Now, for any T > 0, we assert that system (1) has a
unique continuous solution on [0, T']. In fact, three cases are
discussed as follows.

Case 1. When (k + 1)1, = T, we know that the assertion is
true.

Case 2. When 0 < T — (k + 1)7; < 1, we only need to prove
that system (1) has a unique continuous solution on [, T].
Fort € [1,T], we denotet, = t -1, € [0,T — 1] C
[0, (k + 1)7,], and we can use the similar proof to obtain the
conclusion.

Case 3. When T — (k + 1)1y > 7, we can repeat the above
process until the condition of Case 2 is satisfied.

Note that T is an arbitrary positive real number; then,
we know that system (1) has a unique continuous solution
on [0, +00). Therefore, the proof is completed. O

Remark 2. Lemma 1 ensures the existence and uniqueness of
solution for system (1) on [0, +00). Evidently, Caputo’s frac-
tional derivative of a constant is equal to zero; then, x(¢) =
0 is the zero solution of system (1).

Definition 3. The zero solution x(t) = 0 of system (1) is
called delay-independent globally asymptotically stable if,
for any initial function ¢(-) € C'([-7,0], R, its analytic
solution x(t) satisfies lim, _, ,,x(t#) = 0 for all the time
delays 0 <7y <1, <+ <7,

Next, we discuss the characteristic equation and delay-
independent globally asymptotic stability of system (1).

From [1-4], the Laplace transform of Caputo fractional-
order derivative D* f(t) is given as follows:

EDF)] =s"£[f®)] -s*"f(0), O<a<l.

(15)

Applying the Laplace transform on both sides of system (1)
yields

£ x(t) - iC,-x (t-7)|-s"9(0)+ 5“71§Ci¢ (-7)

i=1 i=1

—AELx ()] + Y BE[x (- 7).
. (16)

Note that

0
Elx(t-1)] =[x ()] +e J e o (t)dt,
1)



thus, we obtain

As, 1) £[x ()] =" (0) - S‘Hicifp (-7)
i=1
m 0
+ ) Be ™" J e t)dt (18)

e o (t)dt,

m 0
+ s“ZCie_ST" J
i=1
where
m

A(s, 1) = [sal -A- iBiefsT" - s“ZC,-eST":| (19)

i=1 i=1

is the characteristic matrix of system (1). Multiplying s on
both sides of (18) yields

m

A(s, 1) {sE[x ()]} = s {sw 0) =" Cip(-7)

i=1

< —sT; 0 —st
+ ZBie e @(t)dt
i=1 7

i
0

-

m
+ s“ZCiefsT" J
i=1

eVt dt} .
(20)

By means of the final-value theorem of Laplace transform
[45] and Definition 3, if all the roots of characteristic
equation det[A(s, 7;)] = 0 lie in open left-half complex plane
and are uniformly bounded away from the imaginary axis,
then the zero solution of system (1) is delay-independent
globally asymptotically stable.

Therefore, we immediately have the following conclusion.

Lemma 4. If all the roots of characteristic equation

m

det [S“I -A- ZB,-eiST" - s“ZC,-eST":| =0 (21

i=1 i=1

lie in open left-half complex plane and are uniformly bounded
away from the imaginary axis, then the zero solution of system
(1) is delay-independent globally asymptotically stable.

Remark 5. As we know, whena = land 7y =7, = - =
7,, = 0, the characteristic equation

det [AT- A=) (B;+AC;) | =0 (22)

i=1

is an algebraic equation of A, and (22) only has » roots
distributed in the complex plane. However, the characteristic
equation det[A(s,7;)] = 0 has countably infinite roots
with @ = 1 and some 7; > 0 (see [13]). For 0 < «a <
land 7; > 0 (i = 1,2,...,m), it is very difficult to solve the
roots of the transcendental equation (21) in practice. Based
on these considerations, we are devoted to establishing the
algebraic stability criteria of system (1) in the next section.
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3. Stability Criteria for System (1)

In this section, we derive the sufficient conditions of delay-
independent globally asymptotic stability for system (1).
Applying the algebraic method, we investigate the distribu-
tion of roots for equation det[A(s, 7;)] = 0 in any neighbor-
hood of the infinity and find a positive number § > 0 such
that any characteristic root s satisfies Re(s) < -6 < 0, where
Re(s) represents the real part of the complex number s.

Theorem 6. The zero solution x(t) = 0 of system (1) is delay-
independent globally asymptotically stable if the following
conditions are satisfied:

(Hy) |arg (o (A))] > ?

(HZ) P ;Cz‘ < 1’ (23)
1 m
(H;) sup p[(s“I—A)Z(Bi+s“Ci) <1.
Re(s)=0 i=1

Proof. Note that |arg(c(A))| > am/2; then, all the roots
of equation det(AI — A) = O satisfy |arg(A)] > am/2.
Let s* = A; then, all the roots of equation det(s*] — A) =
0 satisty |arg(s)] > m/2; that is, Re(s) < 0. There-
fore, matrix A is invertible and (s*I — A)f1 is well defined
when |arg(c(A))| > amr/2 and Re(s) > 0.

For Re(s) = 0, it follows from the characteristic
polynomial of system (1) that
detA (s, ;)

m m
= det [s“l -A- ZBie_ST" - s“ZCie_ST"
i1

i=1

= det [s"T - A] det | T - (I - A)™
(29)
X i (B; +s"C;) e_”"]
i=1
= det [s"T — A]
X ﬁ (1 -A; [(s“[ - A)71§: (B; +s*C;) e_“":| > :
i=1 i=1
Then, we have
A [(S“I - A)*i (B; +5C,) e"f]
i=1
<p [(s”‘[ - A)_li (B;+s"C) | |le"| <1, =
i=1
j=L2,...,n

Combining (24) and (25), we have detA(s,7;) #0 for
Re(s) > Oandr, > 0,i = 1,2,...,m; that is, if,
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conditions (H,) and (H;) are satisfied, then the
characteristic equation (21) implies that Re(s) < 0.

Suppose that there exists a sequence of roots {s,} of
the characteristic equation (21) whose real parts are not
uniformly bounded away from zero; that is, Re(s,) <
0and Re(s,) — Oasm — +oo. Note that any
eigenvalue Aj[(s“I -A)™! Y (B; + s*C;)] is a continuous
function of s for Re(s) > 0; then, it follows from (H,) that

Mz
@)

p [(ﬂz VDR s“c,->] —p [

i=1

] <,

i=1 (26)
s — +00.

Hence, |A;[(s*] - A Y (B;+5%C;)]| reach the maximum

value for Re(s) > 0. From condition (H;), there exists a
positive constant € such that

sup p|:(s I-A) Z (B; +s°‘C)]

Re(s)=0 i=1

= Sup max
}Re(s)>01<]<n

I:(s I-A) Z(B +35°C;)

‘ =1-¢
(27)

Then, equality (27) implies that

sup p [((“1 - A)’li (B;+(°C)|<1-e  (28)

Re(()=0 i=1

When the positive integer # is large enough, there exist a
positive constant € (0 < &* < ¢) and a characteristic
root s, such that [Re(s,)| is sufficiently small, Re(s,) <
0 and

maxA ; |:(s:I - A)flz (B; + siji)
i1

1<j<n

(29)
~ sup p[(m A) ZB+<:C) ‘
Re(()= i=1
For Re() = 0, from (28) and (29), we have
2, [(sgz 'Y 8+ 00y l
i=1

(30)

+€

< sup p[((l A) ZB+(C)

Re()=0 i=1

<l-eg+e <1, j=1,2,...,n

Choosing n large enough yields

<1, j=1,2,...,n
i=1

A [(SZI - A)_IZ (B; +5.C;) e“":|

(31)

Therefore, for Re(s,) < 0 and Re(s,) — O0asn — +oo,
one can obtain

m
det A (s, ) = det [sﬁf A=Y B
i=1

(32)

m
- sZZCieS”T"] #0
i=1

which contradicts the assumption that {s,} isa sequence of
roots of the characteristic equation (21). In view of Lemma 4,
the proof is completed. O

Theorem 7. The zero solution x(t) = 0 of system (1) is delay-
independent globally asymptotically stable if the following
conditions are satisfied:

|arg(<f (A))| > %, O<a<l,

(H) p|Y&C| <1 &eC [g|<Li=12...m
i=1
(Hs) PI:(SQI_A)_IZ(BNLS“Q')& <1
i=1
Re(s)=0, §eC [G]=1, i=12...m
(33)
Proof. According to condition (H;) and the proof

of Theorem 6, we know that matrix A is invertible
and (s*I — A)_1 is well defined when |arg(c(A))| >
art/2 and Re(s) =

On the one hand, any eigenvalue A[(s"] —A)f1
QI EB + s*YI &C)Hlis an  algebraic function
of (§,&,,...,¢&,) with |§;] < 1and is continuous with

& < 1,i = 1,2,...,m. An application of the maximum
modulus principle yields that

P [(Sal - A)_l (iEiBi + 50‘&&‘@')

Re(s) =0,

(34)

& eC, |Ez| =1,

is equivalent to

|:(s 1-A) <Z§131 +5 ch)

Re(s) =0,

(35)
§eC, g1

In view of the expression of (s“I— A)_l(zl (&B; +
s“Y7 &C),as Re(s) =0 and s — 00, one can obtain

P |:(5“I - A)_l (iEiBi + Slxifici>] P [igici] <1

& < 1.
(36)

V¢ eC,



It follows from (36) that

m m
o -1 a
sup SST-A EB +s"YEC, || <1,
§Re(s):0p [( ) <; o ; o (37)
VEeC, |& <1

Applying the maximum modulus principle on the
unbounded region {s|s € C,Re(s) > 0}, then (35) implies
that

P |:(5“I - A)_l (iEiBi + Slxificz)] <L

i=1

(38)

Re(s) >0, &eC, [& <1

On the other hand, suppose that there exists some s, €
{s|s € C,Re(s) = 0} such that

m m
det [sgl — A=Y Be ™ - sg‘Zcie‘SOTf] =0,
(39)

i=1 i=1

so €{sls € C,Re(s) =0}.

Choose EIO = ¢%% such that IE?I < Li=12...,m1It
follows from (39) that

m m

leo [(58‘1 -A)” <ZBie_S°Ti + ngcie_s"f")] ,
i=1 i=1 (40)
s € {sls € C,Re(s) = 0},

which  contradicts inequality (38). Therefore, if
conditions (H,), (H,), and (H;) are satisfied, then the
characteristic equation (21) implies that Re(s) < 0.

The rest of the proof is similar to that of Theorem 6; then,
the conclusion holds. O

According to the proof of Theorem 7, we have the result
as follows.

Corollary 8. The zero solution x(t) = 0 of system (1) is delay-
independent globally asymptotically stable if the following
conditions are satisfied:

(H,) |arg<a<A>>|>%, O<a<l,
m

(H) p|Y&Ci|<1, &eC &<l i=12...m,
i=1

(Hy) [(fr A3 (84 s“c»sl} <1,

Re(s) >0, & eC, i=1,2,...,m.

&l <1,
(41)
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Assume that |arg(c(A))| > an/2,0 < a < 1. Define the
following matrices:

L=(- A)*li (B, +C),

i=1

M=(-A"Y (B-C), (2
i=1
N=(I-A)"I+A).
Let
s“:il—i, Re(s) >0, 0<a<l; (43)

then, we have |z| < 1.

Theorem 9. The zero solution x(t) = 0 of system (1) is delay-
independent globally asymptotically stable if the following
conditions are satisfied:

(H,) |arg(o(A))]> % O<a<l,

m

Sa

i=1

(Hy) p <1, (44)

(H;) supp [(I —zN) N (L + zM)] < 1.

|z|<1

Proof. From Theorem 6, we only need to prove that the
following equality holds:

(s*I - A)_li (B, +s°C;) = (I - zN) ™" (L + zM),
i=1 (45)

Re(s) >0, |z|<1.

In fact, it is easy to obtain

1-5
1+s

I-2zN = [1— :(I—A)_1(1+A)]

=[(1+s)I-(1-s)T - T+ (1+57)"

=(I-A)T[I-A)1+s%)-(1-s%)UT+A)]
x (1+s%)7"

=21 - A) (" T - A) (1+s%)7".

(46)
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For Re(s) > 0, it follows from (H,) and (43) that |z|] < 1;
then, matrix (I — zN) is invertible. Hence,

(I- A)‘li (B +C;)

i=1

L+zM =

l_snx _lm
U= Y (B-C)

i=1

=047 Y (B G+ ) (B-C)
=(1-A)" i(Bi+Ci)(l+5“)
i=1
f(1=) Y (B -C) | (1457
i=1
=20 - A)_li (B; +s°C,) (1 +s*) "
i=1 (47)

Combining (46) and (47) yields that (45) holds. Therefore, we
complete the proof. O

Next, the asymptotic stability criteria for two special cases
of system (1) are presented.

(i) When C; =0, i = 1,2,...,m, system (1) reduces to
Caputo fractional-order linear retarded type differen-
tial difference systems with multiple delays as follows:

D%x (t) = Ax (t) + iBix (t-1,), t=0,
i=1 (48)

x(t)z(P(t)) te[_T’O]’

where D*x(t) denotes an « order Caputo fractional
derivative of x(f), 0 < @ < 1, A, B; are nxn constant
matrices, 7; (i = 1,2,...,m) are real constants
with0O<7 <1,<-- <1, =1,¢¢€C(-1,0,R"),

and C([-7, 0], R") denotes space of continuous func-
tions mapping the interval [-7, 0] into R".

Similar to Lemmal, if the initial function ¢ €
C([-7,0],R"), then there exists a unique continuous
solution for system (48) on [0, +00).

Corollary 10. The zero solution x(t) = 0 of system (48) is
delay-independent globally asymptotically stable if the follow-
ing conditions are satisfied:

(H,) Iarg(a(A))l>%, 0O<a<l,

<1, (49)

i=1

(Hy) p [(ﬂI—A)liBia

Re(s) =0, & €C, |E,| =1.

(ii) When 7; = 0, i = 1,2,...,m, system (1) reduces to
Caputo fractional-order linear autonomous differen-
tial systems:

m
[I—Zci D%x (t) =

i=1

A+YB |x(®t), t=0,
5

x (0) = xo,

where D*x(t) denotes an « order Caputo fractional
derivative of x(t), 0 < & < 1,and A, B;,C; are n x
n constant matrices.

An application of the results in [23, 24] yields the
following conclusion.

Corollary 11. The zero solution x(t) = 0 of system (50) is
globally asymptotically stable if the following conditions are
satisfied:

(H,) det[]—ici 40,
i=1
() Jarg (o @) > T, (s)

Remark 12. When det[I — Z;:1 C;] = 0, system (50) reduces
to linear fractional singular differential system. The stability
analysis of linear fractional singular (delay) differential sys-
tems will become our future investigative works.

4. An Illustrative Example

The following example is presented to illustrate the effective-
ness and applicability of the proposed stability criteria.

Example 1. Consider system (1) with

-4 2 01
e P FE O
2 1
_ (31 13 6
Bz—[z 0]’ =1 1)
3 6 (52)
11
_| 66 _1
G=| 13| «=3
3 3
T, =1, T, =2, T=2.

The initial function is given by ¢(t) = ¢, t € [-2,0]. Let
® = (sI - A) " (§,B, + &,B, + s°¢,C, + s“E,C,),

Re(s)=0, |&]=1&]=1



By computation, the eigenvalues of matrix ® give

A (@) =(s"+ 6)_1 <£1 +2&, + %s"‘El + %s“Q),

) ) (54)
Ay (©) = (s" + 8)_1 (ZE1 +& + 55“51 + Es“Ez).

Note that o(A) = {-6, —8}; then, we have

larg (o (A))| => ﬂ, o= l (55)
2 2
It is not difficult to verify that
pl&C +8,C] <1, [&§|<1, & <1,

(56)

plOI <1, Re(s)=0,&|=1 [&]|=1
Thus, conditions (H,), (H;), and (H,) are satisfied. There-
fore, it follows from Theorem 7 that the zero solution x(t) =
0 of system (1) with the coeflicient matrices (52) is delay-
independent globally asymptotically stable.

In fact, the characteristic equation of system (1) with the
coeflicient matrices (52) can be expressed as

m m
det | s"T—A- ZBie_ST" - saZCie_ST" =0. (57)

i=1 i=1

Obviously, the characteristic equation (57) includes the tran-
scendental terms. It is very difficult that one precisely solves
the roots of (57). An application of Theorem 7 yields that
the zero solution x(t) = 0 of system (1) with (52) is delay-
independent globally asymptotically stable.

5. Conclusions

In this paper, the delay-independent asymptotic stability
of linear fractional-order linear neutral differential systems
with multiple discrete delays has been discussed. We have
synchronously taken into account the factors of such systems
including Caputo’s fractional-order derivative, state delays.
The asymptotic stability criteria have been derived based on
the algebraic approach and matrix theory, which ensure the
asymptotic stability for all time-delay parameters. By apply-
ing these stability criteria, one can avoid solving the roots
of transcendental equations. The results obtained are com-
putationally flexible and efficient. In fact, the characteristic
equation of system (1) with (52) includes the transcendental
terms. Generally, it is very difficult that one precisely solves
the roots of characteristic equation. In Example 1, we analyse
the distribution of characteristic roots when the coeflicient
matrices satisfy the appropriate conditions. We only need
to check the spectrum range under conditions (H,), (H,),
and (H;). An application of Theorem 7 yields that the zero
solution x(t) = 0 of system (1) is delay-independent globally
asymptotically stable. Example1 shows that Theorem 7 is
computationally flexible and efficient. The stability analysis
of linear fractional singular (delay) differential systems will
become our future investigative works.
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