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Abstract. Ideal convergence of sequences in neutrosophic normed spaces is defined by Omer Kigi [12]. This
paper defines new sequence spaces using the Zweier matrix and neutrosophic norm. We explore (\, u)-Zweier
convergence, (A, u) ideal convergence of double sequences in neutrosophic norm. We show that a double se-
quence that is (A, u)-Zweier convergent or ideal convergent has a unique limit with respect to neutrosophic
norm. Additionally, we prove that (A, u)-Zweier ideal convergence is equivalent to (A, u)-Zweier ideal Cauchy

for a double sequence in neutrosophic normed space.
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1. Introduction and Preliminaries

The concept of fuzzy sets was introduced by Lotfi A. Zadeh [24] in 1965 as a mathematical
framework to deal with uncertainty and vagueness in data. In a fuzzy set, each element is
assigned a membership value ranging from 0 to 1, indicating the degree of membership of
that element in the set. Kaleva, O. and Seikkala, S. (1984) |7] defined fuzzy metric space
and Felbin, C. (1992) [4], Bag, T. and Samanta, S. K. (2003) [2] studied fuzzy normed linear
space. Krassimir Atanassov [1] generalized the notion of fuzzy set to intuitionistic fuzzy set.
Park [19] defined intuitionistic fuzzy metric space In 1995, Florentin Smarandache (23], [22]
introduced the concept of neutrosophic sets as an extension of intuitionistic fuzzy sets. Neu-
trosophic sets aim to handle three types of indeterminacy: membership, non-membership and
indeterminacy, represented by the values of truth-membership, falsehood-membership, and
indeterminacy-membership respectively. Kirigci, M. and Simsek, N. |10], [11] defined metric

on neutrosophic set and also studied statistical convergence.
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Concept of Statistical convergence was given H. Fast [5]. A statistical convergence was
introduced by Mursaleen |16]. A statistical convergence is the extension of [V, A\] summability
[14]. Mursaleen et al. |17] defined the concept of (A, p) convergence for double sequence. The
I-convergence [13] gives a unifying look on several types of convergence related to the statistical
convergence. Mursaleen and Mohiuddine [18] defined I-convergence for double sequences in
intuitionistic fuzzy normed spaces. In neutrosophic normed spaces, statistically convergent and
statistically Cauchy double sequences are defined and studied by Granados C and Dhital [6].
Khan V. A. and Faisal M. [8], Khan V. A. and Ahmad M. [9] defined (A, u) Zweier ideal
convergence on neutrosophic normed space and studied Cesaro summability in neutrosophic
normed spaces respectively.. Zweier-Verfahren is a German word, in which Zwei means two
and Verfahren means method. Zweier matrix or operator is denoted as Z¢, where o # 1. Let
x = (&,) € w where w = {z = (§,) : & € R/C} , then 22 is defined as

0, i=k
20=2p=41-0, i—1=k (1)
0, otherwise.

Sengoniil [21], define new sequence y = (y,,) as Z¢ transform of the sequence = = (&),

Yn = 22(&n) = 06 + (1 — 0)§n—1 (2)
where £_1 = 0 and p # 1. Matrix

0 0 0 0 0 0 0 ....

1—0o 0 0 0 00 0 ...

0 1—-0p0 0 0 0 0 0 ...

70 _ 0 0 1—-0 0 00 0 ...
0 1—-9 0o 0 0 ...

Definition 1.1. [20] A double sequence z = (&y,) is said to be convergent(Pringsheim’s

Sense) to p > 0, if for every k > 0, there exist N € N such that

| &gn — p |< k, whenever g,h > N.

Definition 1.2. [20] A double sequence x = ({,) is said to be Cauchy (Pringsheim’s Sense)
, if for every k > 0 there exist 9 € N such that

| €gh — &pq |< K, whenever g > p >N and h > ¢ >N
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| K(g,h) |
nm
then we say that X has double natural density and defined as

Definition 1.3. Let X C N x N, if the sequence is convergent (Pringsheim’s Sense),

52(%) = (Pl 2D

where X(g,h) = {(p,q) € NxN:p < gandq < h}. If, g = h Christopher’s [3] two-dimensional

natural density is obtained.

Definition 1.4. [20] A double sequence z = () is said to be statistically convergent to
p > 0, if for every k > 0,

A=1{(g,h) : g <n,h <msuch that | & —p|> K}

has d2(A) = 0.

Definition 1.5. [20] A double sequence z = ({4) is said to be statistically Cauchy, if for
every k > 0, there exist 91 = 91(k) and M = M(x) such that for all g,p > N and h, g > M the
set

A= {(g,h) 1 g <N, h <M such that |£gh_§pq |Z "f}
has d2(A) = 0.

Definition 1.6. [15] If continuous mapping * : [0,1] x [0,1] — [0, 1] meets the following

requirements, it is called a continuous t — norm :

(a) *(1,3) = *(3,9) and *(9,%(3,¢)) = *(* (v,3),¢), for all y,3,¢ € [0,1] ,

(b) *(9,1) =v, ¥y € [0,1],
(c) p<cand 3 <0 = %(9,3) < *(c,0), for each v, 3, ¢, 0 € [0, 1].

Definition 1.7. [15] If continuous mapping e : [0,1] x [0,1] — [0, 1] meets the following
requirements, it is called continuous t — conorm if:

(a)e(y,3) = o(3,9) and o(t),o(g,, c)) = o( o (n,3), c), for all y,3,¢c € [0,1]

(b) e(y,0) =, ¥y < [0,1],

(c)py<cand n <0 = e(y,n) < o(c,0) for each v, 3, ¢, 0 € [0, 1].

Definition 1.8. [11] Let V, %, and e be linear space, continuous ¢t — norm and continuous
t-conorm respectively. A four tuple of the form {V,¢(z,.),¥(z,.),v(z,.) : z € V}, is called
neutrosophic normed space where ¢,1, and v are fuzzy sets on V x RT which satisfy the

following conditions:

(i) 0 < ¢(v,p),¥(v,p),7(v,p) < 1 for all p € RT,
(i)) 0 < (v, p) +¥(v,p) +v(v,p) < 3 for all p € R,
(zit) ¢(v,p) =1 (for p > 0) if and only if v =0,
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(iv) ¢(aw,p) = o(v, \a|) for a # 0
(v) *(¢(v,p),¢(y,0)) < (v +y,p+q)
P(v,

(vi .) is continuous and non-decreasing
(vid) limy oo ¢(v,p) = 1,
(viii) 1 (v,p) =0 for (p > 0) if and only if v = 0,
(iz) Y(av,p) = ¢(,||)f0roz7é0
(z) o(¥(v,p),¥(y.9) = (v +y,p+0q)
(xit) limy, 00 (v, p) =0,
(xiii) y(v,p) = 0 (for p > 0) if and only if v = 0,

(xiv) v(av,p) = (v, ‘al) if a #0,
(zv) o(v(¥,p), (¥, 9)) Z (v +y,p + a),
(zvi
(2vii) limy o0 (v, p) =0,
(zviii) If p <0 then ¢(v,p) = 0,9 (v,p) = 1,and y(v,p) =1

)
)
)
) 1
)
)
)
(zi) ¥ (v,.) is continuous and non-increasing,
) 1
)
)
)
i) (v, .) is continuous and non-increasing,
)
)

Then N = (qﬁ, w,*y) is called neutrosophic norm. Throughout the paper we will use usual

t-norm and usual t-conorm i.e; x(7, ) = min{r, o} and (7, o) = max{r, o}.

Example 1.9. |11 Let (V, HH) be a normed space. Let ¢, 1, v be Fuzzy sets on V x R™ such
that, for t > |||

0, £<0 0, £<0 D4
¢<m,t>={ t wm,t):{ - and (3,1 = 12

o >0 o >0, ¢

for all ¥ € V and t > 0. If t < ||Y]| then ¢(V,t) = 0, ¥(V,t) = 1 and y(V,t) = 1. Then

(V, N, *, o) is neutrosophic normed space.

Now we will discuss about the convergence of the sequence (¢;) in neutrosophic normed
space (V,N,*,e).

Definition 1.10. [11] Let (&) be sequence in NNS (V,N,x,e) Then (¢,) is said to be
convergent to p € V if for each ¢ > 0 and k € (0,1) there exists gy € N such that

¢(£g_pvt)>1_"{7 ¢(£g_pat)<’{and V(fn—Pat)<C (3)
for all g > go.

Definition 1.11. [11] Let (&;) be sequence in NNS (V, N, x, ) Then (&) is said to be Cauchy
if, for each ¢t > 0 and « € (0,1) there exists go € N such that

¢(Ek - ghat) >1-k, ¢(§k - ghvt) < K and 7(&6 - fhat) <K (4>
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for all A,k > go.

Definition 1.12. [6] Let (V, ¢,%,v,,e) be a NNS. A double sequence x = ({;1,) in V' is said
to be convergent statistically to p if, for each xk > 0 and t > 0

52{(gah) €ENxN: ¢(£gh _pat) <1l- K, w(ggh _p7t) > K and ’7(§gh —P»t) > "{} = 0.

Definition 1.13. Let T = (Y,) and IT = (II},) be two positive non-decreasing sequences and

limgy o0 Ty = 00, limy, o0 I}, = 00, defined as

Tg-i—l < Tg +1, where T¢ = 0. (5)
Ipy < IIp+1,  where up = 0. (6)
Let Iy =[g—Yy+1,9] and I, = [h — II}, + 1, h]. Then
Sy (X)) = lim ——|{(i,j) e NxN: (i,j) € K
T30 = lim () (i.4) € %)

is the (Y, IT) density of the set X C Nx N. If Y, = g and II}, = h, the (Y, II) density reduces

to natural double density of X. The generalized double Valée Poussin mean is

1
tgn = T, 10 Z Z &ij-

’iGIg Jel]

Throughout the paper we will denote the sequences by A = (\;) and pu = (u;) respectively.

2. Main Results

Definition 2.1. Let (V,¢,%,v,%,) be a NNS and I? be an admissible ideal in N x N. A
double sequence x = (&,,,,) in V is said to be I2— convergent to ¢ if, for each € > 0 and ¢ > 0
the set

{(m,n) e NXN: (& —&1) <1 —€, Y(Emn —&1) > € and y(Emn — &,1) > ¢} € T2,

Definition 2.2. Let (V,¢,1,7,*,e) be a NNS. A double sequence = = (&,,) in V is said to
be (A, p)- Zweier convergent to & with respect to neutrosophic norm (¢, v, ) if, for every € > 0

and ¢t > 0, there exists a positive integer ng € N such that

)\.1 . Z Z ¢(Zq€mn _f,t) S 1 — €,

it neA; meA;
1

Y Y (B - 61) e,
i en; men;
1

o D V(R —6t) 2 €
i pen; men,

for all m,n > ng and write it as (A, pu) — 1113 29Em = &.
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Definition 2.3. Let (V,N,x,e) be a NNS and I? is an admissible ideal. A double sequence
x = (§mn) In V is said to be (A, p)- Zweier ideal convergent to £ with respect to neutrosophic

norm (¢, ,), if for every e > 0 and for all ¢t > 0, the set

. 1
{(m) ENxN: o Z D 3(2%mn —&it) <1 -, " DY (2% —6t) > ¢,
neA; meA; neN; meA;
and Z D> (2 — &,t) > € } eI’
Z'u] neA; meh;

In short we write (¢,,7) — 1(2)\7“) — lim 29, =¢

m,n—00

Definition 2.4. Let (V,N, %, e) be a NNS. A double sequence z = (&) in V is said to be
(A, p)- Zweier Cauchy sequence with respect to neutrosophic norm (¢,,~), if for every e > 0
and for all ¢ > 0, there exists N such that

Z Z Z'qun - Z'qfkpa t) <1- €,

m,kEN; n,pEA;

Z Z Z’qgmn - qukpa t) 2 €,

m,kEN; n,pEA;

Z Z Z’ Emn — Z’qgkpa t) > €.

m,k€A; n,pEA;

it

Z:U’]

'LM]

for all m,n,k,p > N.

Definition 2.5. Let (V,N,*,e) be a NNS and I? is an admissible ideal. A double sequence
€ = (&mn) In V is said to be (A, p)-Zweier ideal Cauchy sequence if for each € > 0 and ¢ > 0

there exists a positive integer NV such that

)\.1 } Z Z w(Zqimn - qukp,t) > €,

Yoo D (R — Xy, t) 2 6} eI’

Zu] m,k€N; n,pEA;

Lemma 2.6. Let (V,N,*,e) be a NNS and I? C N x N be an admissible ideal. Let x = (&)

be a double sequence in V', then the following are equivalent

(Z) (¢a @ﬁ, ’7) - 1(2)\#) - liInm,n%oo Zq(gmn) - L
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(ii) {(i,j) eNxN: Alﬂj Do keh; Donpen, (29 — L£,t) <1 - n} e I?,
{(z’,j) e NxN: A;MZWEM Zn,peAj ¢(Zq§mn — L,t) > m} cI? and
(4,7) e Nx N: )\ilﬂjzmkel\i Zn,peAj’Y(qumn —L,t) > n} € I? for all K > 0 and
t>0.
(iii) {(z‘,j) cNxN: )\;] kaeAi anpeAj qs(z,qgmn — L,t) >1-— n} € F(I?),
{(i,j) ENxN: Aluj Y mken, Snpen, ¥(Z96mn — £.1) < ﬁ} e F(I?) and
{(i,j) e NxN: /\Zluj Zm,kEAi Zn,peAj V(Zqé’mn — L,t) < /1} € F(I?) for all k > 0 and

t > 0.
(1) (6,0,7) — I3,y — im0 (2 — £,8) = 1,
(P, y) — I(Q)\M — limy, 00 @(Z9mm — £,t) =0 and
(¢, ,y) — I(2)\7“) — limy, n—oo (2% mn — £,t) =0 for all K > 0 and t > 0.

Theorem 2.7. Let (V,N,x,e) be a NNS and I? is an admissible ideal. If a double sequence
x = (&nn) 0V is (N, u)- Zweier ideal convergent with respect to neutrosophic norm (¢, ,7y),

then its limit is unique.

Proof. We will prove it by contradiction i.e. Let on contrary that the sequence z = (&mnn)
converges to two limits (say) ¢; and ¢3. By definition for a given € > 0, choose x > 0 such
that (1 — k) * (1 —k) >1—€cand kxk < €. Then for t >0

Api(r,t) = {(i,j) eNxN: )\z‘lﬂj > ¢<ZQ§mn —el,;> <1 —n} eI’

meN; nEAj

Aqs,z(m,t):{(z',j)eNxN: : > Z¢<zqgmn—e2,;>§1—m}e12.

i Lbs
ZM‘] meN; nEAj

>

Ay (k,t) = {(z’,j) eNxN: '1 >y w(z%mn—el,;> zm} eI’

Z'u] meN; nGA]'

>

Aya(k,t) = {(i,j) eNxN: .1 > Y ¢<Z‘I§mnz2,§> zn} eI’

l'u‘? mGAi nGAj

Aya(k,t) = {(m) €ENxN: Al > v(zqsmn—el,;) zm} eI’

’L/'L] meN; nEAj
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A’Y,Z(K'vt):{( )GNXN L 4 Z ZV(Z’qgmn_EQ,;> ZK/} 612-

Now the following set
Apusy(5s8) = | Ap (1) U Aga (k)| 1 [ A1 (1) U Ay (s 8)] 1| A1 () U A, )] € 12

Appr(rit) €12 = AL, (k1) € F(I?).

If (i,7) € va( t), then there are three cases. Either (i,7) € A¢ 1 (k, t)ﬂAd)Q(ka t)or (i,j) €
AL (s, t) N AS (k1) or (3,5) € A (k1) N AL (s, 1). Firstly, if (i, 5) € AS | (k,1) N AS ,(k, 1),

we have

> Zgb(ngn—El, > >1—k

meN; neEA

> Z¢<Zq5mn—zz, >>1—n

meA; n€EA
Now take (a,b) € N x N, such that

it

Z,u]

¢<Zq5ab—€1,;> >— > > gb(qumn t, ) >1-k

mGA ne;

and

¢<Zq§ab_€27;> )\u Z Z¢<Z gmn_£27 >>1—/<{,
J

meN; nEA

Select (a,b) for (m,n) such that the maximum hold i.e. max {gb(qumn —{q, %) , 1/)<Zq§mn —
t t
hd q A I . .

52,2>,7(Z Emn 52,2> .mGAl,nEA]}. Then, we have

B — b, 1) > 6 (26w — 1,5 ) % 8(X6ap — £, ) > (L= m) 2 (1 =) > 1= ¢

Since € > 0 was arbitrary, for every ¢t > 0, we get d)(ﬁl — fg,t) = 1, that means ¢; = {5. For
other cases if, (i, ) € A%J(f@, )N AEp72(/€, t) or (i,7) € Agvl(ﬁ, )N AE,Q(& t), in similar fashion
we get (01 — Lo, t) > € and y(¢1 —La,t) > € for t > 0. Hence for each case, we get ¢; = ¢o.Hence

limit is unique.

Theorem 2.8. Let (V,N,*,e) be a NNS. If a double sequence x = ({mp) in V' is (A, p)- Zweier
convergent with respect to neutrosophic norm (¢,,7y), then its limit is unique.
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Proof. Let (A, u) — lim 29, = & and (A p) — liri)l Z29€n = &. Given € > 0, select

m,n—00

k > 0 such that (1 —k)x(1—k) >1—¢€ and kek < €. Then for any t > 0, there exists n; € N
such that

)

Z > 6(2%mn —G1,t) > 1—€

ZM]

neN; meA;
LS S (@ — 1) < €
Zu] neN; meA;
and
Z Z Z’qun_glat) <€
l'u] neA; mei;

for all 4,7 > ny. There also exists ny such that

LS Y (@ — 0,t) > 1

zﬂ]

neN; meA;
Z Z Z'qgmn_£2at)<1_€
nEA meA;
ST Y AR — ) < ¢
7"uj neA; meh;

for all 4,5 > mna. Now chose ng = max{ni,n2}. Then for all n > ng, we have(a,b) € N x N
such that

P(29€ap — &1, t)

fla) >1—k

nEA meA;

LS Y 6@ — 0 t) > 1k

Z Hi neNh; meA;

. and

@(quab - §2a

Hence, we get

(&1 — &2,1) > ¢(29&mn — &1,t) x 9(29&mn — &2,t) > (1 —R)*x (1 — k) > 1 —€.
Since € was arbitrary. Hence we get ¢(&1 — &2,t) = 1 for all ¢ > 0. Hence & = &. Similarly,
we will prove for ¢ and v that (& — &2,t) < € and y(&§1 — &2,t) < € for any € > 0. Hence we
get (&1 — &2,t) = 0 and y(& — &2,t) = 0 for ¢ > 0, this implies that & = &.

Theorem 2.9. Let (V,N,x, o) be a NNS. (\, u)-Zweier convergence of a double sequence x =

(&Emn) in V implies (X, p)-Zweier ideal convergence of © = (&) with respect to neutrosophic
_ 3 q — _ 72 _ : q _

norm and (A, p) m,lTILIEOO Z9&mn = (¢, 0, 7) I(A,u) m,lTILIEOO 29 mn = E.
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Proof. Let sequence x = (&ny) is (A, u)- Zweier convergent to . Then for € > 0 and ¢ > 0,

there exists positive integer N such that

Z Z ¢ Z’qun ft) 1—e

zﬂ]

neA; meA;
LY S b (@ - 611) <
Z'UU neA; meA;
L Z Z Z’qgmn_gat)<€
Aiftj

neN; meA;

for all 4,7 > N. Then the set

R(e,t):{( j) € NxN: 1.ZZ¢<Zq§mn—§,t>§1—e,
LSS el 60) zomd 1Y Y qumn—g,t)ze,}.

neA; meA; nEA meA;

il

is contained in the set Q = {(1,1),(1,2),(2,1),(2,2),...., (N — 1,N — 1)}. Since I? is an
admissible ideal. We get, R(e,t) € Q € I?. Hence (), u)-Zweier convergence of a double
sequence implies (A, pu)-Zweier ideal convergence and (¢, 9, ~y) — I (2)\ W lim 29, =&

m,n—00

Theorem 2.10. Let (V,N,x, ®) be a NNS. A double sequence x = (&mny) in'V is (N, p)-Zweier
ideal convergent if and only if it is (A, u)-Zweier ideal Cauchy.

Proof. Let x = (§mn) in V' is (A, p)-Zweier ideal Cauchy sequence but not (A, u)-Zweier ideal
convergent in V' with respect to neutrosophic norm (¢, ,~). Now, by the definition of (A, u)-
Zweier ideal Cauchy for each € > 0 and t > 0, there exists positive integer N such that

Z Z QZ) Z'qgmn - qukpa ) <1l-—g¢

m,k€N; n,pEA;

Z’q{mn - qukpa t) >,
)

m,kEA; n,pEA;
Z Z men—quka) 26} 612.

m,k€A; n,pEA;

G(e, t) = {(i,j) eENXxN: o

il

and

zN]
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and

S (2 -6 5) <1

ZM] meA; n€EA;

H@ﬂ:{@ﬁeNxN

2 Z Z '7<Zq§mn €, ) = } € F(IQ)

)\z'uj meN; nEA;
Since
S Y 02— 2 t) 2 1 S 3 62— 1) > 1
Aift m,kEN; n,pEA,; Al meA; neh;
S Y (@ 2 t) < o 33 (2 -6 1) <
At mkeA; n,peA; it meA; neA;
and
1 2 t
qumn—ZE ) > Y qumn—f,* < €.
Aiftj m,kZEA»;n,p;\j i ) < Aiftj %lngj ( 2>
If
1 t €
21 mn ; e e Z4 mn — &, = =,
i g 3 e ) 2 s B R (e e <
1 t €
29 mm — &, = —.
/\i,uj n%ingj’y( € € 2) < 2
Then, we have
5(A,u)({<m>eNxN XY O~ Ty ) <1
ikt

m,k€A; n,pEA;

Z Z (0 Z’qgmn -z §kp, ) > €,
mkeA n,pEN;
Z Z (2%mn — 29kp,t) > 6}) =0

m,keN; n,pEA;

and

1#]

That is G(e,t) € F(I?), which is a contradiction. Hence, sequence & = (&) is (A, p)-Zweier
ideal convergent with respect to neutrosophic norm.

Conversely, suppose that (¢,1,v) — I(QA W~ lim 2%,,, = £ Choose r > 0, such that

m,n— 00

(I1—=r)*x(1—=7r)>1—candrer <eFort >0 define
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LY (2 )<i-n

l'u] meA; nEA;

ifh meZA n; (Z’qgmn =&, %) > r, and
Z ZV(Zqﬁmn 3 )_ }6[2

z'u] meN; n€EA;

W(r,t) = {(z’,j) eNxN:

or W(r,t)t € F(I?). Assume (k: p) € W(r,t)b. Then, we get

Zng(zgmn £, )>1—7"

ikt keA; peEA;

Ly S (2% 6 5) <7

At k€EA; peEA,

L sy, (2%~ €,2) <r

Aift keA; peA;

For every € > 0, we take

S ¢(2%mn — 2%, t) <1

Z'uj m,kEN; n,pEA;

S0 (20 — 29y, t) > €,

it m,keN; n,peA,

and

Yo D> (2% — 2 t) = e} eI’

Z'uj m,k€A; n,pEA;

Now we will show that U(e,t) C W (r,t). Let (u,v) € U(e, t)

Z Z quuv - qukp’ t) <l-—g

it u,k€A; v,pEA;

DY (2% — 2%, 1) > €,

Aift u,k€N; v,pEA;

Z Z Z’qguv - Z'qfkpa t) > €.

Z'u] u,k€A; v,pEA;

Here we are going to divide it into three cases as follows

Casel :

ST (29w — 2% t) <1 —e

Zu] u,k€A; v,pEA;
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Then

Ly > o(2%w - ¢, )§1—7~ — (u,0) € W(r ).

ZM] u€A; vEA;

t
Otherwise, 1f ZuEA ZveA gf)(Z v — &, 5) > 1 —r. Then, we have

1—62)\ Z Zgbz’qguv_z’ékpa)
it u,k€N; v,pEA;
> S S (20 -6 ) xS Y (%6, -6 )
I ueh; veh, it keA; peA;

>(1—r)x(1—7)
>1—e

We reach at a contradiction. Hence U(e,t) C W(r,t).

> (2% — 2%y, t) >

u,k€N; v,pEA;

Case?2 : Consider

7,,U/j
We get

Z Z <Zq£uv_€a %) >r = (u,v) € W(r,t).

ZM] u€A; vEA;

Otherwise, if

Z S (zqgw—g, %) <r

ZM] u€h; vEA;

Then we obtain

1—e< Yo Y (2% — 2% 1)
/\Z'u] u,k€N; v,pEA;
<< > o(26w—65) 05 S D D DY IS )
uEA vEA; keA; peA;

<(1l-r)e(1—r)
<1l-e
Which is a contradiction. Hence, Ul(e,t) C W(r,t).

Case 3 is similar to the case 2 , in this case we will consider that

Z Z qum, - qukpa t) > €.

u,k€N; v,pEA;

Z,U]
And we obtain that, U(e, t) C W (r,t).
In each case we obtain that U(e,t) C W (r,t). This implies that U(e,t) € I?. Hence double

sequence is a Zweier ideal Cauchy sequence with respect to th neutrosophic norm (¢, ,7). g
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