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ON EXPONENTIAL STABILITY OF SOLUTIONS OF NEUTRAL
DIFFERENTIAL SYSTEMS WITH MULTIPLE VARIABLE
DELAYS

MELEK GOZEN AND CEMIL TUNC

ABSTRACT. In this paper, the globally exponentially stability of the solutions
to a certain neutral delay differential system with nonlinear uncertainties is
investigated. A globally exponentially stability criterion is derived for the
considered system. Based on the Lyapunov-Krasovskii functional approach,
we prove a new result on the topic. Our result includes and improves the
results in the literature.

1. INTRODUCTION

The dynamical systems with time delays have been considered by many authors
during the past few decades (see [3, 6, 8, 19, 23, 24]). In particular, the interest
in neutral differential equations has been growing rapidly due to their successful
applications in practical fields such as circuit theory [2], bioengineering [17], pop-
ulation dynamics [5], automatic control [4,13] and so on. Current efforts on the
problem of stability of time delay systems of neutral type can be divided into two
categories; delay independent criteria and delay dependent criteria. A number of
sufficient delay independent criteria for the asymptotic stability of neutral delay
differential systems have been discussed by various researchers (see, for example
[21, 22]). It should be noted that, in general, it is important both theoretically and
practically to determine the delay independent and delay dependent criteria for the
exponential stability of solutions.

In a recent paper, Syed Ali [18] investigated globally exponentially stability of
solutions to the following neutral delay differential system:

@(t) = Ax(t)+ Ba(t — h(t)) + Ca(t — h(t)) + fi(t,2(t) + f2(t, 2(t — h(t)))
+fa(t, (8 = h(1))),

Z‘(S) d)(S), J}(S) = @(5)7 s € [—h,O}
In fact, many researches have also studied the exponential stability analysis for
systems with time delays in the literature [1,7,9-12, 14, 15].
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In this paper, instead of the above system, we consider following neutral differ-
ential system multiple variable delays:

B(t) = Alz(t) + 3, Bi®)a(t — hi(t) + 320, Ci(D)a(t — ha(t))

—|—f1(t,$(t)) + fQ(t’x(t - hl(t))’ ""‘r(t - hn(t)))

(1)
Ffa(t, &t = ha(t)), ..., &(t = hn(2))),
z(s) = @(s), @(s)=¢(s), s€[—h;,0], (i=1,2,...,n),
where x € R™, ¢(.) and ¢(.) are continuous vector valued initial functions, A(t),
B;(t), Ci(t), (i = 1,2,...,n), are n X n real symmetric matrix functions, h,(t),

(i =1,2,...,n), are differentiable and denote the time-varying delays such that
0<hi(t) <ha, 0<hi(t)<d; <l

hold, where hjy, and d; are positive constants, fi(t,x(t)), fo(t,x(t—hi(t)),...,z(t—
hn (1)), fs(t,&(t — hi(t)),...,2(t — h,(t))) are continuous nonlinear uncertainties
and satisfy the following assumptions,

LAt 2@)]] < anllz(@)]],
1fa(t, 2(t = 7 (1)), ..., 2(E = b (£)))]] < a2 Z [l (t = hi ()],

[ fa(t, @(t = ha(t), o (t = hn (D)) < a3 Z |2t = ha(t))[], ¢ >0,

where a1, ao, a3 are certain positive constants.
We can rewrite system (1) as the following descriptor system:

i) = yl),

y(t) = Ayt + S0, Bit)a(t — hi(t) + S, Ci(t)u(t — ha(t)
+f1(t,2(t) + fa(t,x(t — hi(1)), ..., x(t — hno(t))) (2)
oyt = ha(0)), et — ha1))),

w(s) = B(s). y(s) =(s) s € [~hi,0], (i=1,2,...n).

The motivation of this paper comes from the recent papers of [1, 9, 16, 20, 25].
Our aim is to extend and improve the results obtained in Syed Ali [18] for a more
general case, that is, from one delay to multiple delays for the globally exponentially
stability of solutions. This case shows the novelty of the paper. By this work, our
aim is to do a contribution to the literature.

2. STABILITY

We need to the following basic definition, lemmas and theorem.
Definition 2.1 ([18]). System (1) is said to be globally exponentially stable with
convergence rate « if there exist two positive constants o and A such that

lz(t)]| < Xt > 0.
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Lemma 2.1 (Schur Complement [18]). Let M, P and @ be given matrices such
that @ > 0. Then
P MT
M -Q
Lemma 2.2 ([18]). For any vectors a,b € R™ and scalar € > 0, we have
2aTb < eaTa+ e 17D

Lemma 2.3 ([18]). For any constant matrix M € R"*" M = M7T > 0, scalar
1 > 0, vector function w : [0,7] — R™ such that the integrations concerned are well
defined, then

[ e [ o] o [ i

The main stability result of this paper is the following theorem.
Theorem. Let P; > 0, (i = 1,2,3,4), and Nj, (j = 1,2,3), be positive matrices,
and €;, (i=1,2,...,12), be positive real numbers. If the following LMI condition

]§0<:>P+MTQ‘1M<0.

Hii EZi2 Zi3 2 ¥y Uy, 00

—

:22 =923 =24 0 0 \113 0

*

* * 533 Eg4 0 0 0 \114
- * * x Zgu 0 0 0 0
- * * * * A7 0 0 0 <0,
* * * * x Ay 0 0
* * * * * x Ag 0
| * * * * * * * Ay ]
holds, then system (1) is globally exponentially stable, where
En = PA@)+AT()PL +2aP 4+ Y P— ) e P,
i=1 i=1
+NTA®t) + AT (t)Ng + g,02,
Eip = Y e 2MOp + N NI Bi(t)+ Y PiBi(t) + AT (t)Ns,
i=1 i=1 i=1
Ei3 = —Ng +AT(t)Ny,
S o= Y PG+ NICi(t),
i=1 i=1
n n n
Epp = — Y (I—d)e?MOp, =N e 2O p, 4" NI Bi(t)
i=1 i=1 i=1

+3 " Bl (t)Ns + epad,

i=1

Has = » Bl ()N - Ny,
=1

Ea = Y NJCi(t),
=1
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n n
P h2, P, — NI' — N
3+ M, T4 1 1,
i=1 i=1
n
T
Y " NTCi(t)
i=1

~ 31— di)e MO Py + e,

EJMAA-2017/5(1)

i=1
[PLPLP], Wp = [Ny NJN], W = [N§ NiNJ, Wa = [N{ N{ N,
diag{—e; 1,65 I,e5' I}, Ay = diag{—e;'I,—eg'I,—5 ' I},
diag{—eo e I,en I}, Ay = diag{—e;'I,—e5' I, —5 I},

1 1 1 1 -1 1 -1 1
(67 +eq +er +eg) ev=1(e5 +e5 +eg +ep)

(e3' +eg' +e5t +e)

Proof. Define the Lyapunov-Krasovskii functional,

V() = el (t)Pa(t +Z/ 22521 (s) Pyx(s)ds

+Z / 20T () Pyy(s)ds

+zhm / o /HB 20357 (5) Pi(s)dsdf.

The time derivative of V' (¢) along the trajectories of (2) satisfies

V() = 2ae®zT(t)Px(t) + e*tiT (1) Pra(t)

+e2tyT (1) Pya(t) + i 2T (1) Py (t)

_ Z 1 _ 204 t—hi(t)) T(t _ hl(t))PQJZ(t - hz(t))
n Zezatw)%y(w
B Z 1 — hy(t))e2t=hi@)yT (4 — b, (£)) Pyy(t — hi(t))

+ZhMZ / [e2t3T (t) Py (t)

hari

_e2a(t+,3)a'3T(t + 5)P4.’i‘(t + 6)} dp.
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From system (1), we have

V() = 2ae®tzT(t)Px(t) + 2t |2 (1) AT

(t) + Zn: a”(t = hi(1))Bf (t)
i=1

+ Zn: T (t — hi(1))CT (1) + fI (t,2(1))
+fy (Gt = ha(2)), . 2t — hu(1)))
+fg(t’ jj(t - hl (t))a ) jj(t - hn(t)))

n Z Bi(t)x(t — hi(t)) + Z Ci(t)i(t — hi(t))
+fi(t () + fa(t,z(t — ha(t)), ., 2(t — ha(1)))

+f3(tv i:(t - hl(t))a ey j:(t - hn(t)))

- Zn:(l — h(2))e2* QP T (¢ — by (£)) Poa(t — hi(t))

+> ey () Pay(t)

i=1

- i(l — hi ()2 YT (1 — by () Py (t — hy(t))

+Zh2 2oty T () Pyir(t Zth/ e?5 3T () Pyi(s)ds.

=1 t—hnri

In view of the following estimates

zn: aT(t — h;(t))BE (t) Pra(t) + Zn: T (t — h(0)CE () Prx(t) + fL(t, 2(t) Pra(t)

+ Z T @t — hi(t)) + " () PLfu(t, x(t))
( VPLfa(t, z(t — hi(t)), ..., 2(t — ha(t)))
+ xT(t>P1f3(t7a':(t = h1(t), ., &(t — hn (1)),

- 62at(t7hi(t>) < _672ahi(t)a (Z = ]-7 23 "'an)v (t > 0);
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and system (2), it follows that

V() < eQat{xT(t) PiA(t) + AT ()P, + 2Py | x(t)

+2 Zn:xT(t)PlBi(t)x(t — hi(t)) +2 ZRICUT(QPlCi(t)Z/(t — hy(t))
+22" () P f1(t, (1)) + folt, ot — ha(t )) o Z(t = hn(t)))

+f3(t7y(t_hl( ))7 7y +Zx P2x

- Z (1— i T (¢ — b)) P (t — hi(t))

n

+ Z y () Py (t) = > (1= ha(t)e*™ Oy (¢ — hi(1)) Pay(t — ha(1))

=1

+Zh2 2oty T (#) Pyy(t) ZhMZ/ 2"‘(S_t)ch(5)P4:'U(s)d8}.
i=1 t—hari
Hence
V(t) < €2at{ () P A ()+AT( )P1+204P1+ZP2 x )
i=1
+2Zx )Py B;(t +2Zx y(t — hi(t))

_ Z(l — hi ()2 O 2T (£ — hy(t)) Pyx(t — hy(t))
+Zy Pyy(t) Zh e**'yT () Pay(t)

- Z (t — e2M Oy T (£ — hy()) Psy(t — hi(t))

—|—2[E ( )Pl[fl(taz( )) + fZ(tv*T’(t - hl(t))v "'7x(t - hn(t)))
+f3(t7y(t - hl(t»’ "'ay(t - hn(t)))]

n ¢
— ZhMl/ eza(St)iT(s)P4x'(s)ds}.
i=1

t—hari

From system (2) we have

2y" (N + 2" (N3 + En:xT(t = hi(O)N3 ] x [=y(t) + A(t)z(t)

+D Bilt)a(t - +ZO (1)) + fu(t,z(t))
+ fa(t, z(t — ha (), -. w(t— ha(t))) + f3(t,y(t = ha (1)), ..., y(t — ha(1)))] = 0
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— 29" ()N (1) + 20" (1) NT A)a(t) + 29" (1) N ZBm

+ 247 ( NlTZC
+ 227 NQTZB
—2Z:c (t—h

+2Zx t— hy

+ 29T (t)NT + 227 (¢

N3y
t)) N3 By(t

)N3 +

+ fo(t,z(t — hi(t)), ..., x(t —

Then

(1)) = 22T (N3 y(t) + 227 (£) Ny A(t)a(t)

)+ 22T NQTZC’ (1))
+2Zx (t — hi(t))NT A(t)z(t)
) (t — hi +2Z t = hi()) N5 Ci(t)y(t — ha(t))

2 Z aT(t = hi(®))Ng ] x [fu(t,2(t)
hn () + f3(t y(t = ha(2)), -, y(t = hn(1)))] = 0.

n

V() < Mo (t) |PLA®) + AT(t) Py +2aP + Y Py x(t)

+2i:xT(t)PlB t
- Z(l — ha(t))

+Zy

30 o)

2

t)Pyy(t

2

=1

— hi(t)) + Qi:xT(t)Plci(t)y(t —hi(t))

e2ehi® T (t — hy(£)) Poa(t — hy(t))

+Zh2 2ot T( )P4y()

=1

2yl (¢ — hy(t)) Pay(t — hi(t))

=2y (N y(t) + 25" (ON] A(t)z(t) + 2" ( NTZB ®))

+2y

+227

—ZZJ:

HNT ZC
NQTZB

t_

() = 227 () N3 y(t) + 227 (t) Ny A(t)a(t)
)+ 227 ()N Z Ci(t (t))

£)NLy(t +2Zx (t — hi(t))NTA(t)z(t)
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—|—2Zx (t — hs(t))NT By (t)x(t +22 (t — hi(£)) NI Ci(t)y(t — hi(t))

+ 29" (N + 227 ()N; + QZwT(t — hi(t))Ng ] x [fu(t,z(t)

i=1

+ fo(t,x(t — hi(t)), ..., x(t — hn(t)) + f3(t, y(t — hi(t)), ..., y(t — hn(t)))]

n

t
- ZhMi/ e22=03T () Pyi(s)ds).
t—hni

i=1

If we use the following inequalities

(2 (@)]] < enlz(@)]],

1 f2(t 2(t = o (), oo 2t = B (0)))]] < 2 Z [|(t = hi(t))

[ f3(t, &(t — hy(t)), ..., &(t — ||<agz||xt— ()], >0,

and Lemma 2.2 , then we get

20T (1) PLfr(t, x(t) < eva” () PLP () + ey ' T (8 2(8)) fi(t, 2(E))
< et ()PP x(t) +ep et (H)ada(t),

20T () Py fo(t, x(t — hi(t)), .., z(t — hn(t))) < eaz” ()PPl 2(t)
+ex Tt w(t — ha(t), oy 2(t — o (8)) falt, 2 (t — Ry (1)), ..., z(t — hn(t)))
< eoxT ()PP x(t) + &5 Zm (t = hi(t)a3 Y a(t — hi(t)

22T () Py f3(t, y(t — hy(2)), ..., y(t hy (1)) < esz® (t) PPl x(t)
+eg  fy byt —ha(t), o y(t — b (1)) f3(t, y(t — ha(t)), ., y(t — hn (L))

ez ()PPl a(t) +e5 Yy (t— hi(t)ad >yt — hi(t)
i=1 i=1

2y" (O)NT fu(t, (1) < eay” (ONT Nuy(t) + 5 f1 (¢, 2(t)) f1(t, 2 (1))

< eay” (ON{ Nuy(t) + 52" (H)afa(?),

29" (ONT fot, 2t = ha(1)), ooy 2t = ha(1))) < e5y” () NY Nuy(t)

+eg fy (G a(t = ha()), o, 2t = ha(t))) fot, 2(t = ha(2)), .., 2(t = hn(t)))

< esy’ (O1N] Nuy(t) +e57 ZxT(t — hi(t))o} Zx(t — hi(t))

2T (ONT falts gt — b (D), oyt — hn®))) < 2y (ONT Nyy(2)
+ Eglfg(tvy(t - hl(t))’ "'vy(t - hn(t)))f3(tay(t - hl(t))a '“ay(t - hn(t)))
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< ey ()N Nuy(t) 1Zy (t = hi(®)ad y_y(t = hi(t)

2207 (t)Ng f1(t, x(t)) < ez ( )NzTNﬂ( ) +er Tt 2(0) fa(t, (1))
< erxT (t) NS Noa(t) + 5;1 T(t)adx(t),

22T (O)NL fo(t, x(t — ha(t)), ..., x(t — hy (1)) < egal ()N Noz(t)
egfa (Lt = ha(0), s x(t — hn(D)) fo(t, 2(t — ha (1)), oy 2(t — hn(2)))
< egxl () NS Noa(t) +sslzx (t — hi(t))os Zx

22 ()NF f3(t.y(t — (), oo y(t — R (1)) < £02” ()N N ()
+€9_1fg(tvy(t - hl(t))""’y( ( )))f3(t y(t_ hl(t))a"'vy(t_ hn(t)))

< gz (t)NJ Noz(t) + 5" Z YL (t — hi(t))a? Z y(t — hy(t))

2295 t— hi(t))NT f1(t, x(t) <5lozx t—hi NgNgzx (t — hi(t))
i=1

+eqp a:T(t)a%x(t)

2230 t— hi())NT fo(t, x(t — hi(t)), ..., z(t — hn(t)))

<€1lz$ t* N3 NSZx(tfhl(t)))

+ gnlfQ (t,x(t —hi(8); ey (t = B (1)) o, (= By (1)), ooy 2(t — B (1))
<en ZxT(t = hi(t)Ng N5 Y _a(t = hi(t)))

+6112x (t — hi(t))a2 Zm(t—hi(t))),

221‘ (t — hi(£))NT f3(t, y(t — b1 (1)), -, y(t — hn(1)))

n

<€1QZCE t— ] Ng NSZ (t_h(t)))
+ 6121f3 (t y(t - hl( )) ""y(t - hn(t)))f?)(ta y(t - hl (t)), "'?y(t - hn(t))>
<5122m (t — h;i(t)) Ny Ngzx(f—hi(t))

e Zy (t—h Q3Zy(t*hi(t))

i=1
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so that

V() < e*t{aT(t) |PLA(t) + AT (t) P + 2aP; + i Py | x(t)

i
+2Zaz z(t — hi(t)) + QixT(t)PlCi(t)y(t — hi(t))

~ 2(1 — hi(1))e2 MO (t — hy(t)) Paa(t — hy(t)) + Zy t) Pay(t)

+ i: hire®*'y" (t) Pay(t)

- Z (t— POy T (t— hy(t)) Pyy(t — ha(t))

=2y (N y(t) + 2" (ONT A)a(t) + 29" () NT Z By( (1)

+2y" (N Xn: Ci(t)y(t = ha(t)) — 22" ()N y(t) + 227 () Ny A(t)x(t)
+227 NQZB (1)) + 227 NQTZC (1))
72250 (t — hy(t))NTy(t +2Z:z: (t — hi(t))NT A(t)z(t)
+2Zx (t — hi(t)) NI B (t)z(t — hy(t))

+2Z t — hi())NTCi()y(t — ha(t))

+(€1 + &2 + Eg)IT(t)PlTplx(t) + (57 +es + 69)1‘T(t)N2TN21‘(t)
+(ea + 5 +26)y” (HN] Nuy(t)

n n

+(ero e +e12) Y a” (= hi(t)) N3 Ny > a(t — hy(t))
i=1 i=1

et Fegt et Fepd)aT (H)adx(t)

g es eyt Hen) D 2t — hi(t)ad > a(t — hy(t))
=1 7

(et et gt o) Doy (- h()ed Dyl — k(1))

_ Z Tt / ¢200=0) 5T () Pyii(5)ds).

t—hari
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By Lemma 2.3, the mean value theorem for the integrals and the Leibniz-Newton
formula, we have

— Z P / 26031 (§) Pyi(s)ds

t—hari

¢
< - Z hapie™ 20 / @7 (s)Pyi(s)ds
t—hnri

i=1

n t
< =) hage M / &7 (s) Pyi(s)ds
t—h; ()

im1
< —;ﬂahi(n < /t e g-g(s)ds) P, ( /t " jc(s)ds)
=— Xn; e 20M O z(t) — 2t — b)) T Pala(t) — x(t — hy(t))]
== Xn: 2 (t)em MO Pya(t) + 2 Zn: al(t)e 2 MO Pya(t — hy(1))
- i 2T (t — hi(t)e 29O Pyt — hy(t)). (3)
By (3 ) and 0 §Z;zi(t) <d; <1, we can obtain

PLA(t) + AT(H)PL +2aP + Y Pa | a(t)

i=1

+2 i:xT(t)PlBi(t)x(t — hi(t)) +2 i:xT(t)Plci(t)y(t —hi(t))

- En:(l = di(1))e** M OaT (t — () Poa(t — ha(t))

V() < e {xT(t)

+Zy )Pyt +Zlh2 <27 (1) Pyy 1)

- ;(t — d; ()M Oy (¢ — (1)) Pay(t — hi(t))

B z": 2 (£)e 20 Py(t) + 2 zn: 2" (t)e M0 Pya(t — hi(t))
. jxm — ha(D)e 2O Pyt — (1)) — 297 (ONTy(t)

+2y" () NTA(t)a(t) + 2y ( NlTZB i(t))

F2T(ONT S Gyt — ha(t) — 267 (ONTy(t) + 207 (YN A(t)a(t)
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49T N2TZB ) + 227 ( NQTZC i(t))
_sz (t — hi(t))NTy(t —I-QZJC (t — hi(t)) N3 A(t)z(t)

+2Zx t — hi(t))NT B (t)z(t — hy +22 t — hi(£))NL Ci(t)y(t — hy(t))

+ (61 +eg +e3)xt () PEPia(t) + (e7 + s + ag)x (t)NS Ny (t)
+ (e4 + &5 +6)y” ()N{ N1y(t)

+ (€10 + €11 + €12 ZZ‘T(t — hi(t)) N5 N3 Zx(t — hi(t))
=1 =
+ (it +ert et et (Hafa(t)

Tt = hi(t)as Y a(t — hi(t))

i=1

t)a3 Zy(t — m(t))}-

+ (et tegt+egt +erh)

+(e5t +egt et +erg)

M: i M:

o
Il
=

so that

n

V() < e {IT(t) PLA(t) + AT()P +2aP + Y P =Y e 2P,
=1 =1

+2NT A(t) + (61 + 2+ €3)PI Py + (7 + €8 + €9) NS Ny

Ze—Qah (t)P
ZNQTB ZPl t)+ AT (t) ]ix

i=1

et Fegt et Ferd)ad | a(t) + 22T

+2x ()[AT() 1—N2]y (t)

ij PLCy(t) + an N Ci(t)

i=1

+ Z 2T (t — Z NIB;(t)
_ Z(l _ di)e—Qahi(t)P2 _ Z e—2ahi(t)P4
i=1

i=1

+2z7(t)

+(e10+ e + 512)N3TN3

n

eyt a5t +egt + ey )ad) Zx
i1

+2Zx (t—h ZBT )Ny — Nsl y(t)

i=1
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n
+2) 2 (t = hi() NS Ci(t)y(t — ha(t))
=1
+y () [D_Ps+ > by Pi—2N{ + (ea+e5+ 86)1\71TN1] y(t)
=1 =1

+2y" (t)N{ z": Ci(t)y(t — hi(t))
i=1

n

F3 0T )= 31— de O,

i=1 i=1
+ (5 et eyt +en)ad] Y ult - m(t))}-

i=1

In this case, we achieve the following result

V(t) < ey,

where
¢ =[2"()x" (t — h(t)y" (t)y" (t = h(1))],
Y1 X2 Y13 X4
5 * Mg o3 X4
- * k 233 234 ’
* ES * 244
Suo= PAWG)+ AP +20P + Y Py =Y e MO P, 4 NTA(t)
=1 =1
+AT(t)Ny + (e1 + €2 + €3)PL Py 4 (67 4 €5 + £9)N& Ny
e et et + e )ad,
Sipo= e 2MOp 4 N NIBi(t)+ Y PiBi(t) + AT (t)Ns,
=1 =1 =1
Y3 = NI+ AT(t)Ny,
Suo= > PGt + Y NJCi(t),
=1 i=1
Y = — Z(l ~dy)e-2emp, _ Zekahi(t)P‘l
=1 =1

+> N{Bi(t)+ > _ Bl (t)Ns
i=1

i=1

+(e10+e11 +€12)Ng N+ (5" +e5 +e5' +ei)ad,

Ses = » Bl (t)N;— Ny,

i=1
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n

224 = ZNng(t),
=1

S = » Ps+ Y hiuPi— Ny — Ni+ (ea + &5 + 56) N{ Ny,
=1 =1

Sa = » N{Cit),
=1

Su o= =Y (1—d)e 2 MOPy ¢ (e 4 gt 4 eyt +ep)ad.
i=1

By applying Lemma 2.1 in ¥ with some effort, we get = < 0. Therefore; we can
conclude the following result

Am(Pr)e ||z ()] < V(£) < V(0),

where
A= Ar(Py) + Aar(Po) by 4 Aar(P)R7y + A (Py) R
and
no .0
V() = 2"(0)Pi(x)(0)+ ) / 2527 (s) Pyx(s)ds
i=1 Y —hi(0)
n 0
+3 [y Pylsds
i=1 —h;(0)
n 0 0
+ZhM¢/ / 23T (8) Py (s) Pyi:(s)dsdf = N pul?.
i=1 —hwni J B
Hence

lz@)]] < \/()\M(Pl) + Aar (Po) ity + An (P + Mar (Pa) i) [ das (Po) | plne™
for t > 0.

This implies that system (1) is globally exponentially stable.
3. CONCLUSION

We give certain sufficient conditions, which guarantee globally exponentially sta-
bility of the considered system. By the defining a suitable Lyapunov-Krasovskii
functional, we prove a result on the topic. Our result includes and improves some
resent ones in the literature.

REFERENCES

[1] Agarwal, R. P., Grace, S. R., Asymptotic stability of differential systems of neutral type.
(English summary) Appl. Math. Lett. 13 (2000), no. 8, 15-19.

[2] Bellen, Alfredo, Guglielmi, Nicola, Ruehli, Albert E., Methods for linear systems of circuit
delay differential equations of neutral type. Darlington memorial issue. IEEE Trans Circuits
Systems I Fund. Theory Appl. 46(1999), no. 1, 212-216.

[3] Cui, Bao Tong, Lou, Xu Yang, Global asymptotic stability of BAM neural networks with
distributed delays and reaction-diffusion terms.Fractals 27 (2006), no. 5, 1347-1354.

[4] Stability and control of time-delay systems. Edited by L. Dugard and E. I. Verriest. Lecture
Notes in Control and Information Sciences, 228. Springer-Verlag London, Ltd., London, 1998.



EJMAA-2017/5(1) ON EXPONENTIAL STABILITY OF SOLUTIONS 31

(5]

(6]
(7]
(8]
(9]
[10]

(11]

(12]
(13]
(14]
(15]
[16]

(17]

18]
[19]
[20]
[21]
[22]

23]

24]

[25]

Gopalsamy, K., Stability and oscillations in delay differential equations of population dynam-
ics. Mathematics and its Applications, 74. Kluwer Academic Publishers Group, Dordrecht,
1992.

Gopalsamy, K, He, X., Delay-independent stability in bidirectional associative memory net-
works. IEEE Trans Neural Networks (1994), no. 5, 998-1002.

Gu, Keqin, Kharitonov, Vladimir, L., Chen, Jie, Stability of time-delay systems. Control
Engineering. Birkhuser Boston, Inc., Boston, MA, 2003.

He, Guangming, Cao, Jinde, Discussion of periodic solutions for p th order delayed NDEs.
Appl. Math. Comput. 129 (2002), no. 2-3, 391-405.

He, Ping, Cao, D. Q., Algebraic stability criteria of linear neutral systems with multiple time
delays. Appl. Math. Comput. 155 (2004), no. 3, 643-653.

Hu, Guang-Da, Hu, Guang-Di, Cahlon, Baruch, Algebraic criteria for stability of linear neu-
tral systems with a single delay. J. Comput. Appl. Math. 135 (2001), no. 1, 125-133.
Ivanescu, Dan, Niculescu, Silviu-Iulian, Dugard, Luc, Dion, Jean-Michel, Verriest, Erik I.,
On delay-dependent stability for linear neutral systems. Automatica J. IFAC 39 (2003), no.
2, 255-261.

Kuang, Jiaoxun, Tian, Hongjiong, Shan, Kaiting, Asymptotic stability of neutral differential
systems with many delays. Appl. Math. Comput. 217 (2011), no. 24, 10087-10094.
Kolmanovskii, V., Myshkis, A.,Applied theory of functional-differential equations. Mathe-
matics and its Applications, 85. Kluwer Academic Publishers Group, Dordrecht, 1992.

Lien, C. H. , Stability and stabilization criteria for a class of uncertain neutral systems with
time-varying delays. J. Optim. Theory Appl. 124 (2005), no. 3, 637-657.

Liu, Xin-Ge, Wu, Min, Martin, Ralph, Tang, Mei-Lan Stability analysis for neutral systems
with mixed delays. J. Comput. Appl. Math. 202(2007), no. 2, 478-497.

Park, Ju-Hyun, A new delay-dependent criterion for neutral systems with multiple delays. J.
Comput. Appl. Math. 136 (2001), no. 1-2, 177-184.

Sinha A. S. C., El-sharkawy, M. A., Rizkalla, M. E. |, Suzuki, D. A., A constructive algorithm
for stabilization of nonlinear neutral time delayed systems occurring in bioengineering. Int.
J. Syst. Sci. 27 (1996), 17-25.

Syed Ali, M., On exponential stability of neutral delay differential system with nonlinear
uncertainties. Commun. Nonlinear Sci. Numer. Simul. 17 (2012), no. 6, 2595-2601.

Tu, Fenghua, Liao, Xiaofeng, Zhang, Wei, Delay-dependent asymptotic stability of a two-
neuron system with different time delays. Chaos Solitons Fractals 28 (2006), no. 2, 437-447.
Xiong, Wenjun, Liang, Jinling, Novel stability criteria for neutral systems with multiple time
delays. Chaos Solitons Fractals 32 (2007), no. 5, 1735-1741.

Yue, D. , Won, S., Delay-dependent robust stability of stochastic systems with time delay
and nonlinear uncertainties. Electron. Lett. 13 (2001).

Yue, D. , Won, S, Kwon, O., Delay dependent stability of neutral systems with time delay:
an LMI approach. IEE Proc Control Theory Appl 150 (2003), no. 1, 23-27.

Zhou, Jin, Chen, Tianping, Xiang, Lan, Robust synchronization of delayed neural networks
based on adaptive control and parameters identification.Chaos Solitons Fractals 27 (2006),
no. 4, 905-913.

Zhang, Qiang, Wei, Xiaopeng, Xu, Jin, Stability analysis for cellular neural networks with
variable delays. Chaos Solitons Fractals 28 (2006), no. 2, 331-336.

Zhang, Jinhui, Shi, Peng, Qiu, Jiging, Robust stability criteria for uncertain neutral system
with time delay and nonlinear uncertainties. Chaos Solitons Fractals 38 (2008), no. 1, 160-167.

MELEK GOZEN

ERrcis FACULTY OF MANAGEMENT, YUZUNCU YIL UNIVERSITY, 65080, VAN-TURKEY

E-mail address: melekgozen2013@gmail.com

CeEMIL TUNC

DEPARTMENT OF MATHEMATICS FACULTY OF SCIENCES, YUZUNCU YIL UNIVERSITY, 65080, VAN-
TURKEY

E-mail address: cemtunc@yahoo.com



