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ABOUT CONFERENCE

The International conference on “Emerging Trends in Science and Technology (ETIST-2021)” is
being jointly organized by Departments of Biological Science, Physical Science and
Computational Science - Nallamuthu Gounder Mahalingam College, Pollachi along with ISTE,
CSI, IETE, IEE & RIYASA LABS on 27th OCT 2021. The Conference will provide common
platform for faculties, research scholars, industrialists to exchange and discus the innovative ideas

and will promote to work in interdisciplinary mode.



EDITORIAL BOARD

Dr. V. Inthumathi
Associate Professor & Head, Dept. of Mathematics, NGM College

Dr. J. Jayasudha
Assistant Professor, Dept. of Mathematics, NGM College

Dr. R. Santhi
Assistant Professor, Dept. of Mathematics, NGM College

Dr. V. Chitra
Assistant Professor, Dept. of Mathematics, NGM College

Dr. S. Sivasankar

Assistant Professor, Dept. of Mathematics, NGM College

Dr. S. Kaleeswari

Assistant Professor, Dept. of Mathematics, NGM College

Dr. N.Selvanayaki
Assistant Professor, Dept. of Mathematics, NGM College

Dr. M. Maheswari
Assistant Professor, Dept. of Mathematics, NGM College

Mrs. A. Gnanasoundari

Assistant Professor, Dept. of Mathematics, NGM College

Dr. A.G. Kannan
Assistant Professor, Dept. of Physics, NGM College



International Conference on Emerging Trends in Science and Technology (ETIST 2021)

ISBN No.: 978-93-94004-00-9

S. No. ArticleID Titleof the Article Page No.
1 P3024T Basic Concepts of Interval-Valued Intuitionistic Fuzzy TopologicalVVector Spaces 1-6
-R. Santhi, N. Udhayar ani )
Oscillation of Third Order Difference Equations with Bounded andUnbounded Neutral
2 P3025D Coefficients 7-22
-S.Kaleeswari, Said. R. Grace
3 P3026D Oscillatory Behavior of Nonlinear Fourth Order Mixed NeutralDifference Equations 2334
-S.Kaleeswari, M .Buvanasankari )
Completely pi g gamma* continuous mappings in Intuitionistic fuzzytopological spaces
4 p3027T K. Sakthivel, M. Manikandan and R. Santhi 35-43
5 P3028G Power Dominationof Splitting and Degree Splitting Graph of CertainGraphs 44-49
-Huldah Samuel K, Sathish Kumar, J.Jayasudha )
6 P3029T A new open and closed mapping in intuitionistic fuzzy topologicalspaces 50-55
-M. Rameshkumar and R. Santhi )
; P3030D Oscillatory and asymptotic behavior of forth order mixed neutral delaydifference equations 56-64
-Mohammed Ali Jaffer | and Shanmugapriya R )
8 P3031T An Application of Hypersoft Sets in a Decision Making Problem . . 65-72
-Dr. V. Inthumathi,M .Amsaveni
On amply soft topological spaces
9 P3032T . . 73-83
-A. Revathy, S. krishnaprakash, V. Indhumathi
Nonoscillatory properties of certain nonlinear difference equations withgeneralized
10 P3033D difference 84-94
-M. Raju, S.Kaleeswari and N.Punith
Soft Semi Weakly g*-Closed Sets
1 P3035T -V. Inthumathi, J. Jayasudha, V. Chitraand M. Maheswari 95-104
New class of generalized closed sets in soft topological spaces
12 P3036T 105-112
-N. Selvanayaki, Gnanambal Ilango and M. Maheswari
Generalized Semi Closed Soft Multisets
13 P30T -V. Inthumathi, A. Gnanasoundari and M. Maheswari 113-122
1 P3038T Generalized Regular Closed Sets In Soft MultiTopological Spaces 123-131
-V. Inthumathi, A. Gnanasoundari and M. Maheswari ;
A Note on Soft agrw-Closed Sets
15 P3039T . . 132-138
-N. Selvanayaki, Gnanambal Ilango and M. Maheswari
Stronger Form of Soft Closed Sets
16 P3040t -V. Inthumathi and M. Maheswari 139-147
17 P3041T Semi Weakly g*-Continuous Functions in SoftTopological Spaces 148-154
-V. Inthumathi, J. Jayasudha, V. Chitraand M. Maheswari ;
Achromatic Number of Central graph of Degree Splitting Graphs
18 P3044G 155-162
-D.Vijayalakshmi, S.Earnest Rajadurai
Product Hypersoft Matrices and its Applications in Multi-AttributeDecision Making
19 P3045T Problems 163-176
-Dr. V. Inthumathi, M. Amsaveni
20 P3046T Decompositions of Nano continuous functions in Nano idealtopological spaces 177-186
-V. Inthumathi, R. Abinprakash )
Nal - Connected Spaces
21 P3047T ) ) 187-195
-V. Inthumathi, R. Abinprakash
Nano =N - Extremally disconnected ideal topological Spaces
22 P3048T 196-210

- V. Inthumathi, R. Abinprakash

Jointly Organized by

Department of Biological Science, Physical Science and Computational Science

Nallamuthu Gounder Mahalingam College, Affiliated to Bharathiar University, Tamilnadu, India.




International Conference on Emerging Trends in Science and Technology (ETIST 2021)

Jointly Organized by Department of Biological Science, Physical Science and Computational Science
Nallamuthu Gounder Mahalingam College, Affiliated to Bharathiar University, Tamilnadu, India.
Published by NGMC - November 2021

OSCILLATORY BEHAVIOR OF FORTH ORDER MIXED
NEUTRAL DELAY DIFFERENCE EQUATIONS

R.Shanmugapriya® — I.Mohammed Ali Jaffer 2

ONGMC 2021

ABSTRACT: This paper is concerned with the forth order mixed neutral delay difference equation of the form

2 S n —
A(afA (de(yg' 0y, +CYey, )))+ U:Yiip + PV, =0,
we obtain some new oscillation criteria by using riccati transformation technique. Examples are given to illustrate
the results.

KEYWORDS: Difference equation, Oscillation, Nonoscillation, Mixed type neutral delay difference equation.

1. INTRODUCTION
Consider the oscillation for certain forth order neutral delay difference equation
2 S n —
A(aéA (déA(yé +0:Ye,, +C Ve, )+ Ue¥eap t P:Yiin, =0, (1.1)
where & € N = {50,50 +1,...} &, - s nonnegative integer. Here ¢y, @, 4, and 1, are nonnegative integers and

A is forward difference operator. Ay§ = Yy — Y. Throughout this paper the following conditions are assumed
to hold:

[Hi] {aé} and {d(;} are positive nondecreasing sequences and Zi > 1o

Rl fg

[H2] {bg} and {Cé} are positive real sequences suchas 0 <b, <band 0<c, <c with b+c <1.

[Hs] {p 5} and {q 5} are real positive sequences.

[Hi ¢,n are positive integers. 14, 4,,®, and ¢, are nonnegative integers. For the basic theory of difference

equations one can refer the monographs by Agarwal, Bohner and Grace [1]. The oscillation solution for third order
and higher order difference equations [2, 3, 4, 5, 6, 8, 9, 10, 11, 12,13] has recaused more attention in the last few
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Oscillatory Behavior of Mixed Neutral Delay Difference Equations

years. Let o = max{ﬂl, (pl}. A solution of equation (1.1) we mean a real sequence {yé} which is defined for all

&> &, — o and satisfying equation (1.1) for all & € N . A solution {yé} is said to be oscillatory. If it is neither

eventually positive nor eventually negative. Otherwise it is called nonoscillatory. Recently Kaleeswari [7] deals with
oscillation for third order difference equation of the form

A(anA2 (xn +b X, . +CX.., ))+ X0, +pxt,. =0

n+l-o; n+l+o,

and discussed some oscillatory properties by assuming Z—<oo. Our aim in this paper is to discuss the
n=ny ~*n

: : : : - 1 - 1
oscillatory behavior of fourth order difference equation when Z— =00 and z d_
n=n, “n n=ny, ¥n

= 00,

So, the author is concerned fourth order mixed neutral delay difference equation of the form

A(aéAz (de(yg* +0:Y. +Ce ey, )))+ A:Ying + P:Ying, =0,

) o

where 2. iz > di:oo-

2. OSCILLATION RESULTS
In this section, we present some new oscillation criteria for equation (1.1) will be established. For simplicity, we use
the following notations:

Ze =Y +0:Ye, TCYey,, P +Q: =R, Q =min {q:'qf—m R j P, = min {pg' Per Peas, J

We need the following lemma to prove the main results.

Lemma 2.1.

Assume A>0 and B>0, f>1. Then
(A+BY <2/%(A% +B*).
The proof of lemma is simple and it is omitted.
Lemma 2.2. Let {yé} be a positive solution of equation (1.1). Then there are two cases for 5251 eN
sufficiently large n.
1)z, >0,Az, >0,A(d,Az,)>0,42(d,Az, ) > 0,Aa,A2(d,Az, ))< 0
2)z, >0,Az, <0,A(d,Az,)>0,A2(d,Az, ) >0, Ala.A%(d, Az, ))<O.
Proof.

Let {yg} be a positive solution of (1.1). Then there is an integer & >¢&, such that y, >0,y. , >0,

Xerw, >0,Y:, >0and y.,, >0 forall £>¢. Then z, >0 forall §>&. It follows from equation (1.1)

S+

that

ETIST 2021
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2 .
A(agA (dgAzg )): —0; yg{lf@ — P yg+1+¢2 <0 &=2¢& (2.1)
Therefore a§A2 (dgAzé) is strictly decreasing for all &> &, . We can proved that A” (deZ§)> 0 forall =&, .
If not, then there is an integer £, > & and G <0 such that
2 2
a.X(d.az, )< a, A (dézAzéz)S G 2.
Summing the last inequality from &,to & —1, we get

iAz(dsAzs)s iaiaézAz(dézAzé)

$=5, 5= Ys

11
Ald.Az, )< A(dngzfz)G_Zia—.

Letting & —> o, then A(déAzg)—> —o0, Then there exist an integer &; > &, and L <0 such that
d.Az, <d Az, <L; &€,

Summing the last inequality from &, to & —1, we have

Letting N — o, then Z, — —o0, which is contradiction. Hence Az(dgAZg,)> 0 for £=¢,.
Lemma 2.3.
Let z, >0, Az, >0, AZZ§ >0, A3Z(: >0 and AAZg, <0 forall n>me N. Then for any k €(0,1) and
for some integer m,.
z k&

ﬁz(_n_zmj > (22)
Az,

\

Proof.

n-1
Since Az, = Az, +ZA225, we have Az, Z(f—m)AZZéb.

s=m

Summing the last inequality

& n-1
D> Az, 2 (n—m)A’z,
s=m s=m
2,22, +(E-m)Az, -z, + 2,
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(or) 2z, 2 22,Az,

g—m kS ) -
2,y 2 ( > Az, >2—>Az,; Ezm >m.

The proof is now complete.

Theorem 2.4.

Assume that there exist a positive real sequence {,05} and @, 2 1y, ¢<n and g,77>1 holds. If

. (1+ b” +Cﬂj(Ap2)a
G| PRI —p) 2 TR
a 25+ 4p. ' (2.3)

[

Z Z pt+qt = (2.4)

=5 Y5 t=s

m

a
holds, then every solution {yé} of equation (1.1) oscillates or !flLTJO y. =0.
Proof.
Let {yg} be a nonoscillatory solution of equation (1.1). Without loss of generality, we may assume that there exists
an integer N > &, such that y. >0, y, , >0, y., >0, y,, >0and y., >0 foral &>N. Then
we have Z. >0 and (2.1) forall &> N. From (1.1) forall &> N we have

A(agAz (d,;Azg ))+ AeYiiag + PeYiig, T0° (Aacf—ulAz (d: w2 )) +0" (qiwl Ve sun )

n n

c c
n n 2 I n _
+07P. Y g t ot (Aaész (déwz Az, ))+ )) > ot Yoo, Yerrim-o T T Prop, Yeitemep =0 (25)

Using lemma 2.1 in (2.5), we have

n

A(a§A2 (défAzf ))+ bUA(ai—ﬂ A (dé #1AZ§ —i )) 2(‘;71 A( §+,uz AZ (déﬂtz A(Z§+ﬂ2 )))

Q P

_X¢ 4¢ _ ¢ o7
4g -1 Z§+l— 47 Z§+l+¢p2 <0. (2.6)
By lemma 2.2, there are two cases for Z.. First assume that case 1 holds for all &> N, > N. It follows from

Az, >0 that z,,; —z, >0 then z,,, >2, . Thus, by (2.6) we obtain

n

R
Ala.a?(d,02,))+ b7, 2(d, Az, , )+ 2‘;1 Alac,, K0, 02, )+ i 22, <0, @)
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Define
w,(&)=p aéAZ(de‘AZé) 2.8)
A . :
. A(de(Zé ~9,))
Then W1(§)> 0 for & > N,. Then from (2.8) we obtain
Ap; Ala.A*(d.az,)) N(d.az.,)
Aw, (&)= W, (E+1)+ o —-w,(&+1 ac,
L R e R e v
By equation (2.1), we have ag,_%Az(dé_ﬂAzé_@)z a§+1A2(d§+lAZ§+l) Thus from (2.8), we obtain
Ap A(a A2 (d, Az )) w,(&+1) p
AW, (&)< = w (E+1)+ p, ——= 2 = (2.9)
' p.§+1 ' : A(défAzé) aff(pl (p§+1)2
Next we define
w,(&)=p 2, , A (dé—u1AZ§—u1) (2.10)
’ : A(d5A2§7¢1 ) |
Then W, (&)> 0 for & > N,. Then from (2.10), we obtain
w, (& +1) A(a‘é— A’ (dﬁ— A2 )) A’ (dﬁAzi— )
AW, (E)=—22—ZAp. +p A AW, (E+L ac,
Hé) Pea - Ald.Az,.,,) o6+ A(dr:Azf—aa)
By equation (2.1) and ¢, = £, we have
002, )2a,,20., (02, ,)
af:f(aA e a~f+1*ﬂ1 Sy N7
Thus from (2.10), we get
2 2
sz(é:)g Ap‘f W2(§+1)+P§ A(af—ﬂlA (df—lﬁAZf—/ﬁ ))_ W2 (2§+1)p§ ] (211)
Pea Ald Az, ) PenBey
In the following we define
a.,, N (d Az )
W. (g): Yo, S+iy S+iy S+ip ] (212)
’ ’ A(deZrHol)

Then W3(§)> 0 for &= N,. From (2.12) we obtain

AW, (&)= M Ap, + péA(déAZg% )A(a~§+ WA (d .Y ))
,0§+1 A(dé Azﬁ—qa )A(d §+1AZ§+1_¢;l )

_ PeBsiyy A’ (d§+ﬂz AZ§+H2 )AZ (deZ§7¢1 )
Ald.Az, , A, .4z, , )

By equation (2.1), we obtain aég_(plA2 (dsg_(plAZSg_(p1 )Z a§+1+ﬂ2A2 (d

PRTOVAYSTN yz) Hence by (2.12) we obtain
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A A\d.,, A 2
AW3(§) Apg W3(§+1)+,0§ ( Asiy, ( e, DLey, ))_ Ws (§+1)P§ (2.13)
P (déAzé—col ) PrBsp
Therefore (2.9), (2.11) and (2.13), we obtain
c’ - p:R: ngﬁ Ap; (é + 1),05
A b"A —A < )-—————=
(€] '8 (0) 5o d(£) s BT e PPy ey S
+b”£Ap§ W, (£ +1)— —(§+1)'D§J
Pea ,0¢+1 g
—(Ap wAm)—ﬂ]
2 Pea p§+1 gy (2.14)

On the other hand {ag} and {dé} nondecreasing Aszg, >0 for & >m, we have A“Z‘Jw <0 for £>m,. Then by

lemma 2.3 for any kK € (0,1) and & is sufficiently large

Lo o k(& —(01).

Az, , 2 2.15)

Due to (2.2) . Since z, >0, Az, >0, AZZ§ >0 and A3Z§ >0 for & > m, we have
sl h§
z, =17, + ) Az, 2 (E-m Az, > = (2.16)
s=my

for some h >0 and ¢& is sufficiently large. From (2.15) and (2.16) and ¢',77 >1 we have

25, | K- g)
§+
Az, , 27

(2.14) becomes
PRI K(E—p) Ao,

1
A (E)+ b By (£)+ S0 Ay (£) < - 2T w(e+1)- Y
2'7 2 n p§+1 p§+l - o
2
+ b”[%wz(g +1)_%J
Peu pma&%

+c_’7[Ap§ W3(§+1)— (5"’1)ng

Pea p§+1 T

By using completing the square in the right hand side of the above inequality, we get
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c” )
1+b7 + —— (Ap ) a.
c’ PR (g —p ( zﬂlJ Fac,
AW1(§)+bnAW2(§)+FAW3(§)S— ¢ 2§+’7( 1)+ -
Pe

Summing the last inequality from N, > N, to & —1, we obtain

c’ 2
1+b7"+ = (Ap ) G
e P R h({-ﬂ])—lk §_¢ ( 2771] 4 S0 c”
Z [ 2§+’7 ( 1)+ 4p < Wl(N2)+an2(N2)+ 27771 W3(N2)
s=N, ¢

Taking limsup in the last inequality, we get a contradiction to (2.3). Assume that lemma 2.2(2) holds. Let {yé} be a

positive solution of equation (L.1). Since z, >0 and Az, <0, then lim z, =1>0 exists. We shall prove that

&0
11 -b—c)
b+c

I =0. Assume | >0 then for any & >0, we have | +¢& >z, eventually. Choose 0 < & < . tis

easy to verify that
y. >1—(b+c)l+& >kz.

| —(b+c)l+e
l+¢

Where k = > 0. Using the above inequality, we obtain from (2.1)

A(ag,Az (déAzé )) <k (qé + P )Z G

Syt

Summing the last inequality from & to oo and using Z: > I, we obtain

i A(aéAz (dcfAZs )) = _i ke (% + P. )ngﬁﬂl
s=& s=¢£

o0

S A (d,az) = Y (KT (p, +4,)

s=4 s=4 aS t=s
e 1
—déAzés-(kl)‘f”za—Z(pﬁqt)
s=§ Ys t=s
K7 & 18
Z§1+1 _(d) Za_z(pt—l_qt)
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0 1 0
Z_Z P+ Qt Zs -

s=1a5ts

This contradicts to (2.4). So the proof is complete.

3. APPLICATIONS
Example 3.1.
Consider the forth order mixed neutral type difference equation of the form

1 1
A[ﬁ ZA{yg t Vet Ve D +28%,,+(2£+2)y,,, =0. (3.)

1 1
Let a, :cfz,bg :Z,Cé :E’d‘f = =Lu,=2,p,=25+2,0q,. =280 =n=1¢,=2,¢0,=1. Take

Pe =1. Then condition (2.3) holds. On the other hand, condition (2.4) also holds. We can easily see that the
conditions of Theorem 2.4 are satisfied. Hence all the solutions of equation (3.1) are oscillatory. In fact

{ygy }z (—1)5 is one such a solution of equation (3.1).

Example 3.2.
Consider the forth order mixed neutral type difference equation of the form
2 1
A(g AZ(ZgA[ Y. + § Yeo t Z y§+3jj] (5 + Z)yg + 25 y.»;+1 = (3.2)
2
Let a, g b, 25 =2 d =28, 4, =2, 1, =3, p; :2§Z,q§ =& +2,(=4Ln=2,¢,=1. Take

condition (2.3) holds. On the other hand condition (2.4) also holds. We can easily see that the conditions of Theorem
2.4 are satisfied. Hence all the solutions of equation (3.2) are oscillatory. In fact {yg}:(—l)g is one such a

solution of equation (3.2).
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