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A2-STATISTICAL SUMMABILITY OF DOUBLE SEQUENCES IN
FUZZY N-NORMED SPACES

MUHAMMED RECAI TURKMEN

ABSTRACT. This paper’s main purpose is to present A\2-statistically convergent
and condition of being A\2- statistically Cauchy for double sequences in fuzzy n-
normed spaces. At the same time, in fuzzy n-normed space, we have introduced
the concept of A2-summability and Cesaro summability for double sequences in
fuzzy n normed spaces. Then, we studied the relation between these concepts
and statistical convergence in fuzzy n-normed space.

1. INTRODUCTION AND BACKGROUND

Fast first introduced the concept of statistical convergence of sequences[d]. Stud-
ies of statistical convergence have been carried out in many branches of mathemat-
ics, such as Fourier analysis, Banach spaces, Number theory and Measurement
theory. Connor[d], Sal&t[36], Fridy[L1], Cinar[7] and others have examined the con-
cept of statistical convergence in summability theory. Gunawan[l2], Reddy[27],
Hazarika and Savag[I4] studied statistical convergence and statistical Cauchy series
in n-normed spaces.

The first study on double sequences was done by Bromwich[32]. Hardy[13],
Moricz[23], Moricz and Rhoades|25], Tripathy[33] and many other mathematicians
studied this subject.

Pringsheim[26] gave the concept of convergence of even series in 1900. Mursaleen
and Edely[22] and Mdricz[24] independently extended the concept of statistical
convergence to double sequences.

Matloka[l7] first introduced the concept of convergence in sequences of fuzzy
numbers, and some of the fundamental theorems of fuzzy valued sequences were
proved. The readers also refer to the recent textbooks [2I] and [3] for functional
analysis, summability theory, and related topics and the articles [28, 29 30] and
[31] on the classical sets of fuzzy valued sequences and concerning results. Altinok
et al.[I] and many others have studied the statistical convergence of fuzzy numbers.
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Mohiuddine et al.[I9] examined the statistical convergence of double sequences
in fuzzy normed spaces. Finally, Tirkmen and Cmar [35] studied statistical con-
vergence in fuzzy normed linear spaces.

In this study, we define A-statistical convergence for double sequences in fuzzy
n-normed spaces and give some of its properties and results. Now, some basic defi-
nitions and theorems, such as A-statistical convergence, fuzzy number, fuzzy norm,
fuzzy n-norm, and double series (Bag and Samantal2], Diamond and Kloeden[5],
Kaleva and Seikkala[I5], Mizumoto and Tanaka[Ig]).

2. PRELIMINARIES

Fuzzy number: Fuzzy sets concern a nonempty base set X of elements of
interest. The basic concept is that each element x € X shall be assigned a mem-
bership grade u(z), which takes the values in [0,1], u(z) = 1 to Full Membership,
0 < u(z) < 1 to Partial Membership and u(x) = 0 equal to nonparticipation.

A fuzzy subset of X, according to Zadeh[37],is not empty subset {(z,u(x)) : z €
X} of X x [0,1] for some function v : X — [0,1]. For a fuzzy set, the function u
itself is frequently used.

A fuzzy set u on R is called a fuzzy number when the following properties are
present:

i. There exists an xo€ R such that u(xzg) = 1, that is, u is normal;
ii. For z,ye Rand 0 < A <1,

uw(Az + (1 = A)y) = minfu(z), u(y)],
that is, u is fuzzy convex;
iii. u is upper semicontinuous;
iv. [u]o = cl{z€ R : u(z) > 0} is compact.

Let L(R) be a set of all fuzzy numbers. w is called a non-negative fuzzy number
if w € L(R) and u(t) = 0 for £ < 0. We denote the set of all non-negative fuzzy
numbers by L*(R). We can say that u € L*(R) iff u;, > 0 for each a € [0,1].
Clearly, we have 0 € L(R). For u € L(R), the « level set of  is defined by

] = {zeR:u(z) > a}, if a€l0,]]
Ua = suppu, if a=0.

A partial order < on L(R) is defined by u < v iff u; < v, and uf < v} for all
a € [0,1].
Arithmetic operation ®,0,® and @ on L(R)xL(R) are defined by

(u@w)(t)

sup {u(s) Av(t—s)} teR
seR
sup{u(s) Av(s—t)} teR
seR
sup{u(s) Av(t/s)} t€R
570

(wov)(t) = sup{u(st)Av(s)} t eR

seR

For k € R*, ku is defined as ku(t) = u(t/k) and Ou(t) = 0, te R.
Some arithmetic operations for a—level sets are defined as follows:
u,v € L(R) and [u]y = [u,ul] and [v], = [v;,v}], € 0,1 . Then

« «@ (e AR

(uov)(t)

(u©v)(t)
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[w®v]a = ug +vg,uf +03]  [uSvla = [ug —vf,uf —vg]
[u®v]g = [ugy vy, ulvl] [1 @u} = L%,u%} uy, >0

For u,v € L(R), the supremum metric on L(R) defined as

D(u,v) = supyccy max {Juy — vy | [uf — v}

It is known that D is a metric on L(R), and (L(R), D) is a complete metric
space.

A sequence z = (z) of fuzzy numbers is said to be convergent to the fuzzy
number zy, if for every e > 0 there exists a positive integer kg such that D (x, zg) <
e for k > ko and a sequence z = () of fuzzy numbers convergence to levelwise to xg

+

iff limg oo [21], = [20], and limg_o [2k], = [20], Where [z4], = [(xk); , (xk)ﬂ
and [xo], = [(mo); , (xo)ﬂ for every a € (0, 1).[18, 17, 16 10, 8, 5L 2].

A- statistical convergence:

Let A = (\,) be a non-decreasing sequence of positive real numbers tending to
oo such that A\, < A, +1, Ay = 1. The set of all such sequences will be denoted
by A. The concept of A— statistical convergence was defined by Mursaleen[20] as
follows;

A sequence z = (xy) is said to be A— statistically convergent or S)— convergent
to L if for every ¢ > 0

. 1
nl;rrgorn {kel,: |z, —L| >¢e}| =0,
where I,, = [n — A\, + 1,n]. In this case, we write Sy —limz = L or 2 — L (S))
and Sy = {z:3JLe R, S, —lima = L}.

The concept of A-statistical convergence of double sequences was defined by
Mursaleen [22] as follows;

Let v = (ym) and p = (u,-) be two non-decreasing sequences of positive real
numbers, each tending to co and such that

Ym+1 S Ym + 1, Y1 = 1 and
Hr41 < pet 1, H1 = 1.
Let I, =[m —vm +1,m] and J, = [r — pu, + 1,7].
For any set K C N x N, the number

1
02 (K)= lim

m,r—o0 /\mr

{(k, 1) : (k1) € KN 1, x J,}]

is said to be the A\?-density of K, provided the limit exists, where A, = Yo fhr-

We now ready to define the \2-statistical convergence.

A double sequence # = (xy;) in X is said to be \?-statistically convergent to
L € X or S3—convergent if for each € > 0

1
P— lim

m,r—00 Ay

{(k,1) € Ly, X Jy - |2 — L] > €}| = 0.

2
In this case, we write x; % Lorxy — L (S’f) or S>2\ —lim zg; = L. Throughout
the paper, we will denote A, = Y and the collection of such sequences will be
denoted by Ag. Also we will get I, = [m — v + 1,m] and J,. = [r — pur + 1,7]
Convergence in fuzzy normed spaces:
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Sencimen[6] defined convergence in fuzzy normed spaces as follows, using Kaleva[I5]
and Felbin[I0]:
Let (X,].) be an FNS. A sequence (z,),, in X is convergent to = €

X with respect to the fuzzy norm on X and we denote by z, Ex x, provided
that (D) —lim|jz,]| = 0 ie. for every € > 0 there is an N(e)€ N such that

n—oo
D (Hxn — x| ,6) < ¢ for all n € N. This means that for every ¢ > 0 there is an
N(e)e N such that
sup ||z, — xHZ = [l&n - x”(J)r <e
ael0, 1]
for all n > N(e).

Mohiuddine[I9], in his article Statistical convergence of double sequences in fuzzy
normed spaces gave the convergence of double sequences in fuzzy normed spaces as
follows;

Let (X, ||e]|) be a FNS. Then a double sequence z = (z,,,) said to be convergent
to L € X with respect to the fuzzy norm on X if for every € > 0 there exists a
number N = N(e) such that

D(||#pmn — L||,0) < &
for all m,n > N.

In this case we write x,,, EX . This means that for every € > 0 there exists a
number N = N (e) such that

sup [|zmn — LHI = [|Zmn — LH(T <e
ael0, 1]

for all m,n > N(e).

A-Statistical convergence of double sequences in fuzzy normed space

Tiirkmen[34] defined A-statistical convergence of double sequences in fuzzy normed
spaces as follows:

Let (X, ||e||) be a fuzzy normed space. A double sequence x = (z;) said to be
A— statistically convergent or F' Sif convergent to L € X with respect to the fuzzy
norm on X if for every € > 0

lim
m,r— oo

{(k,l) €1y xJ,: D (kal y ,6) > g}’ _o.
FS3 9 9 .

It can be represented as xy; — L, x5 — L (FS)\) ,or FSY —limay = L.

This means that for every € > 0, the natural density of the set

K(e) = {(k:,l) €l X Jp: ||xg — LHg > 5} is zero, In brief, for every € > 0, and

almost all k and 1, it is ||z — L||; < e. So it is FS3 —limz = L. The set of all -
statistically convergent sequences concerning the fuzzy norm on X will be denoted
by FS3 and FS3 = {z = (z1y) : 3L, FS3 —limx =L }

Let X be a real linear space of dimension d, where 2 < d < oc0. Let ||, -, ...,-| :
X™ — L*(R) and the mappings L; R (respectively, left norm and right norm)
:[0,1] x [0,1] — [0,1] be symmetric, nondecreasing in both arguments and satisfy
L(0,0) =0 and R(1,1) =1 then the quadruple (X, ||-,-,...,-||, L, R) is called fuzzy
n normed linear space (briefly (X, |-, ....+]|) FnNS) and ||-,-, ..., is a fuzzy n
norm if the following axioms are satisfied for every y, wy, ws, ..., w, € X and s, t€ R,
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N :||wy, wa, ..., wy|| = 0 if and only if wy, wa, ..., w, are linearly dependent vectors,
fNog:||wy, wa, ..., wy,|| is invariant under any permutation of wy,ws, ..., Wy,
INg:|awy, wa, ..., w, || = |a ||wy, wa, ..., wy || for all ae R,

Ny |wy 4+ y, wa, ooy wy || (s + 1) > L (JJwy, wa, ..., wy]| (8), |y, wa, ..., wy|| () when-
ever s < ||wi, wa, ..., wnll] , t < |ly, we, ..., wy|l] and s+t < |lwi +y, we, ..., wn||;
N5 |wr + ¥, wa, .., Wy || (s + 1) < R (JJwr, wa, ..., wy ]| (5), |y, wa, ..., wy|| (£)) when-
ever s > |lwi,wa, ..., wy|l; , t > ||y, wa, ..., wy|l; and s+t > ||lwi 4+ y, wa, ..., wy ],
where
_ - +
lwy, wa, ...;wnll], = [llwi, w2, ..., wy]l, ,||w1,w2,...,wn||a} for wy,ws, ..., w, €

X,0 < o <1 and infugjo,1) [|wr, we, ..., wn|l, > 0. Hence the norm |[-,-, ..., is
called fuzzy n norm on X and pair (X, |-, ...,||) is called fuzzy n normed space.

Let (X, |, ., -||) be fuzzy n normed space. A sequence {z;} in X is said
to be convergent to an element x € X with respect to the fuzzy n norm on X
if for every ¢ > 0 and for every wy,ws,...,w,—1 € X \ {0}, 3 a number N =
N(wy,ws, ... wy_1,€) such that D (||w1,w2, ey W1, T, — | ,6) <e Vk> N or
equivalently N

(D) —limp 00 ||w1, wa, .oy wp—1, 2 — x| = 0.

Let (X, ]|, ..., -||) be fuzzy n normed space. A sequence {xj} in X is said to be
statistically convergent to an element z € X with respect to the fuzzy n norm on
X if for every € > 0 and for every wy,ws,...,w,—1 € X \ {0}, we have

1) ({k:e N:D (||w1,w2, ey W1, T — | ,6) > 5}) =0.

3. A2- STATISTICAL CONVERGENCE

In this section, we define the A\?-statistical convergence of double sequences and
A2-statistically Cauchy in fuzzy n normed linear spaces. We've also gotten some
basic properties of this notion in fuzzy n normed spaces.

Definition 3.1. Let (X, |-, ...,-]|) be a fuzzy n normed space. A double sequence
r = (xp) in X is said to be A\2-statistically convergent to L € X with respect
to fuzzy n norm on X or FnSj—convergent if for each ¢ > 0 and for every
W2, W3, ..., Wp € X \ {0}7

lim )\L H(k},l) € Im X JT : D (H.’Ekl —L,wg,wg,...,wnH ,6) > E}‘ = 07

m,r—o00

FnS?%
So, we have written 2y  —" L or x5 — L (FnsS3) or FnS} — limay = L. This
implies that for each € > 0, the set

K () = {(h0) € Ly % Jy ¢ Joga — Lywa, wg, o wn|§ > €}

has a natural density zero, namely, for each € > 0, ||zx — L, wa, ws, ,wn||ar <e
for almost all k and .

In this case, we have written FnS? —limz = L . The set of all A\?-statistically
convergent sequences with respect to fuzzy n norm on X will be denoted by F nSi
and FnS? = {z = (z): 3L, FnS? —limz = L} . In this case, we have written
throughout the paper (zy;) is FnS3—convergent to L € X means that (zg) is
A\2-statistically convergent to L € X with respect to the fuzzy n norm on X and
Wa, W3, ..., w, € X \ {0}
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If v, = m and g, = r for all m,r then the space FnS3 (X) is reduced to the
space F'nSy (X) and since 82 (K) < 63 (K) we have FnS3 (X) C FnSy (X).

Lemma 3.2. Let (X, ||, ...,-||) be a fuzzy n normed space and = (x;) be a double
sequence in X. Then for each € > 0, the following statements are equivalent:
(i) FnS; — kll'm zi = L.

J—o0
(i) 33 ({1 & (,0) € Lo o lfons = Loz, w2 6} ) =0
(iii) 62 ({(k,l) L (k1) € Iy % o, ||k — Lo, ws, ooy wp || < 5}) —1
(

i) FnS3— lim |lzg — L, wa,ws, ... wy||d =0
k,l—o0
Proof. The proofs are clear from the definitions. ([

Theorem 3.3. Let (X, ||,...,-]|) be a fuzzy n normed space and A € Ag. If a
sequence (z;) is a F'nS3—convergent, then F'nS3—limit is unique.

Proof. Suppose that FnS3 —limzy, = Ly and FnS3 —limazg = Ly and Ly — Ly =
2e > 0. We define the following sets as

Ale) = {(k,l) € Ly x J: ||z —Ll,wg,wg,...,wnﬂg > g}
and

B(e) = {(k,l) € Iy X Jy t |lwns — Lo, wa, ws, .oy wy || > g}

So that 0% (A(¢)) = 0 and 0% (B(g)) = 0. It follows that there are k € I,,,l €
Jy- such that ||zg — [/1,71)2,1113,...,wn||(')|r < 5 and ||zp — Lg,wg,wg,...,w”||sr < 5.
Further, for these k and [ we have

2e = HL27L17w27w37"'5wn”3_

|k — Lo, wa, ws, ...,wn||3_ + ||xg — L1, wa, ws, ,wn||3_ <e

IN

which is a contradiction. This completes the proof. O

The next theorem gives the algebraic characterization of A\? statistical conver-
gence on fuzzy n normed spaces.

Theorem 3.4. Let (xy;) and (yx;) be sequences in fuzzy n normed space

n 2 n 2
(X, |y .y ]|) such that xg F—§A Ly and yy F—§A Lo and A € Ay where L1, Ly € X.
Then we have

. Fns?

i) (xrr + ) B3 Ly + Lo,
.. FnSi

ii) teg, —" tLy (t € R),

Proof. i) Suppose that FnSf\ —limay; = Ly and FnSi — limyg; = Lo. We define
the following sets as

€
Ae) = {(/ﬁl) € Iy X Jp ||z — L, wa, w3, ooy wy || > 5}

and
€
B(e) = {(k,l) € L X Jp  |lyrr — LQ,wQ,wg,...,wnHS_ > 5}
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So that 0% (A(e)) = 0 and 0% (B(g)) = 0. It follows that there are k € I,,,l €

Jr such that ||xg le,wz,wg,...,wnHar < £ and |lyx 7L2,w2,w3,...,wn||6‘r <

€
2 2°
Further, for these k and | we have

|zt + yri — L1 — La, wa, ws, 7wn||ar
< ek — L1, we, ws, ...,wnHSr + |lyxs — La, wa, w3, ...,wn||5r < e.
We define the following sets as

C(E) = {(kJ) el xJ.: ||xkl 4y — L1 —LQ/(UQ,’U);;,...,’u}nH(J)r > E}.

832 (C (£)) = 0 and so we get FnS3 — lim (z; + yp) = L1 + Lo

ii) It can be done in a similar way to the first proof. O
Theorem 3.5. Let (X,|-,...,]|) be a fuzzy n normed space and A € As. If a
sequence x = (zy;) is F'So—convergent to L and lim inf (%) > 0 then it is FnSf\—

m,r— o0

convergent to L .
Proof. For given € > 0 , we have had

{(k,1) : k <m, 1 <7, D(|zg — L,wa, wg, ...;wy]|,0) >}
> {(k,1) € Iy, x Jy : D (||wg — L, wa,ws, ..., wy, || ,0) > e}

Therefore,

1 ~
P |{(k,l) k<m,l<r, D (||atkl — L, wo, w3, .oy Wy | ,O) > 5}‘

Y

1
%]{(k,l)elmeT.D(

Amr 1
mr - Amr

|Zkt — Lywa, ws, ..., wy||,0) > e}

Y

H(k’,l) el, xJ.:D (H-Tkl —L,wg,wg,...,wnH ,6) > E}‘ .

)\mT
mr

Taking the limit as m, r — oo and using lim inf ( ) >0, we get FnS3—limzy =

m,r— oo

L. (]

Theorem 3.6. Let (X, ||, ...,+]|) be a fuzzy n normed space. If a double sequence
x = (zy1) is convergent to L with respect to fuzzy n norm on X then it is FnS;—
convergent to L .

Proof. Let xyy Y L. Then for every € > 0, there is a couple (ko,lo) € N x N such
that D (kal — L, wa, w3, ..., wy|| ,O) > ¢ for all k > kg,l > ly. Hence the set

{(k‘,l) kel led.,, D (kal — L,wg,wg,...,wnH ,6) > E}

has natural density zero that is FnS?\ —limxzy; = L. Il

Theorem 3.7. Let (X, ||, ...,-||) be a fuzzy n normed space and A = (A\,;-) € As.
If lim 2me =1 then FnS; (X) = FnS3 (X).

m,r— 00
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n 2
Proof. Suppose that xy; F—LfA L. Since lim );n% = 1, then for € > 0, we observe
m,r—0o0
that
1 -
o [{(k,0) : k <m,l <7, D(|lag — L,wa, ws, ..., wyl,0) > e}
1 -
S % |{(kal) k S m _’Ymvl S T = Mr, D (”xk:l - L,’IUQ,IU?,, 7wnH 30) 2 €}|
1 -
+% |{(/€,l) € Im X JT D (||xkl - L,wg,’LU3,...,’LUnH ,0) > 6}|
< (m —vm) (r — pr)

mr
1 -
+E ’{(k’l) € Im X JT : D (”Ikl _L7w2?w37"'7wn“ 50) > 8}|

(m = vm) (r — pir)

Amr 1
mr Amr

[{(k,1) € I, x Jp D (lzig — Ly wz,ws, ..., wy||,0) > e}

This implies that x4 * 25 L. Thus FnS3 (X) C FnS2 (X).

On the other hand, since lim Am;‘ = 1, implies that liminf (’\””) > 0, then
m,r— oo m,r—00

from Theorem 3.5, we have FnSs (X) C FnS3 (X). Hence FnS3 (X) = FnSs (X).
(]

Definition 3.8. Let (X, ||, ...,-||) be a fuzzy n normed space. A sequence (zy;) in
X is A—statistically Cauchy with respect to the fuzzy n norm on X provided that
for every € > 0, there exist a positive integers ¢t and v such that for all k,p >t and
l,q > v, such that

53 {(k,l) € Iy X Jp ¢ ||wp — @pg, wa, wa, ...,wn||3r > 5} =0.

In the sequel, (zg;) is FnS3—Cauchy means that (zy;) is A?-statistically Cauchy
with respect to the fuzzy n norm on X.

Theorem 3.9. Let (X,],...,-||) be a fuzzy n normed space and (xy;) be a dou-
ble sequence in X. In (X, |, ...,-||), Every FnS%—convergent sequence is also an
FnS3—Cauchy with respect to the fuzzy n norm on X.

FnS3
Proof. Let xy "> L and ¢ > 0. Then we have 7% —L,wg,wg,...,wn||ar <
g/2 for a.a.k and [. Choose a positive integers ¢ < p and v < ¢ such that
lzpg — L, wa, w3, 710an < /2. Now, ||,...,|lg being a norm in the usual sense,
we get

||xkl — Tpq, W2, W3, 7wnH(—)i_

|(zr — L, wa, ws, ..., wy) + (L — Zpg, wa, w3, ..‘,wn)Hg

IN

lxx — L, we, w3, ,wn||g + ||zpg — L, wa, ws, ..., wn||3'
< €/2+4¢/2=¢

for all k,p >t and I, ¢ > v. This shows that (zg;) is FnS;— Cauchy. O
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4. A\2-SUMMABILITY

In this section, we have introduced and studied the concepts of A\%- summability with
respect to fuzzy n norm on X and found its relation with A\2- statistically convergent
with respect to fuzzy n norm on X. Before giving the promised relations we have
given definitions of A\2-summability with respect to fuzzy n norm on X.

Definition 4.1. Let (X, ||, ...,+]|) be a fuzzy n normed space and let v = (7,,) and
i = (ur) be two non-decreasing sequences of positive real numbers each tending to
oo and such that
Ym+1 < Ym+1, 71 =1and
Hre1 < pe+ 1, g =10

and z = (z1;) be a double sequence in X. The sequence z is said to be A\2-summable
with respect to fuzzy n norm on X if there is a L € X such that

Z Z D (H-Tkl — L71U27U}3, ...,wnH ,6) = 0

keI’!n leJ’V'
where I, = [m — v +1L,m] , J. = [r — pr + 1,7] and A\ = Yo i

. 1
lim
m,r—o00 >\m'r'

In this case, z is said to be (V, )\Q)FHN—summable to L . If \,,,, = mr , then
(V, )\2) ny-Summability reduces to (C,1 — 1)-summability with respect to fuzzy n
norm on X defined as follows:

1 m T ~
lim 7ZZD(HJ)M—L,wg,’wg,...,wnH,O) =0

m,r—oo MTTr
k=1 1=1
So, we have written for some L

[V, )\Q}FnN (X) = {x = (zr): lim

m,r—00 T pe I €T,

D (kal — L,’wg,’wg, ,wnH ,6) = 0}

[C,1—1],, 5 (X)= {ac = (Tw) : liI_I)l LS D(|lzre — Lywa, ws, ..., wn]],0) = 0}
m,T—00 k,=1,1

Theorem 4.2. Let (X, ]|, ...,-]|) be a fuzzy n normed space and (zx;) be a double
sequence in X. If a sequence x = (zy) is [V, )\Q]FnN—Summable to L , then it is
FnS3— convergent to L .

Proof. Let ¢ > 0 . Since
Z D(||:z:kl—L,wg,wg,...,wnH,())

k€I, lE T,
> Z D (||lzk — Ly wa, w3, ... wn ||, 0)
k€l lE],
D(||zg; — L wa,wg,..., wp||,0)>e
> e |{(k,l) e€l,xJ.:D (||517kl — L, wo, w3, ey Wy | ,ﬁ) > 5}’ )
This implies that if [V, )\2] N — Summable to L, then z is FnS3— convergent to
L. ([l
Theorem 4.3. Let (X, ||,...,-||) be a fuzzy n normed space and (xg;) be a dou-

ble sequence in X. If a bounded x = () is FnS3- convergent to L, then it is
[V, )\2] p,y-Summable to L, and hence z is [C, 1 — 1], y-summable to L, provided
x = (xp) is not eventually constant.
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Proof. Suppose that © = (z;) is bounded and FnS3— convergent to L. Since x is
bounded, there exists a M > 0 such that we have written

D (Hmkl — Lywa, w3, ..., wy|| ,0) < M for all k,I.
Given € > 0 , we have had

L > D(”IE}d*L,’wg,wg,...,’wn”,())

>\m7‘
kel led, R
= )\1? Z D(”wkl_L7w2>w3»“'7wn“70)
' k€l ledy
D(||og,—Liwa,wg,...,wn||,0)>e ~
+>\% > D (llzw — L, wa, w3, ..., wy ]|, 0)
kel led,

D(||wgy—L,wz,wg,.wn ||,0)<e

<L (k1) € Iy x Jp - D (|lzgs — L, wa, ws, ...y wn||,0) > e}| +¢

which implies that z is [V, A?] , -summable to L.
Further, we have had

m,r -
L k; D (||xr — L, wa, w3, ..., wn | ,0)
=1

M—Ym, " —Hr -
= Z D(kal_L7w27w37“'7wn”70)

mnr

=1
+$ E D(kal _L7w2aw37“'7wnH70)
k€l led,
| T Ymrhr ~
S w— kl;1 D(kal —L,wz,wg,...,wnH,O)
+)\1 . E D (”J?k[ - Lanaw37---7wTLH 76)
" k€l led, )
<3 > D(||xkl—L,wg,wg,...,wnH,O).

" kel led,

Hence, z is [C, 1 — 1], y-summable to L since x is [V, )\2] ppy- Summable to L. U

By combining Theorems [£.2] and [£-3] we obtain the following result.

Theorem 4.4. Let (X, ||, ...,||) be a fuzzy n normed space and (zy;) be a double

sequence in X. In this case, FnS3 (X) N % (X) = [V, A?] oy (X) N 2 (X).

If we let A\, = mr in Theorem .2 and then we have the following
corollary.

Corollary 4.5. Let (X, ||, ...,||) be a fuzzy n normed space and (xj;) be a double
sequence in X. Then

() (210) > L(C.1 ~ 1) = (041) — L (FnS) |

(ii) (zg) € 12, and (zg) = L (FnSs) then (zx) — L ([C,1—1]5, )

(iii) FnS (X)NZ (X)=[C,1 =1,y NIZ (X).

5. CONCLUSION

In this study, we define A\-statistical convergent sequences, A\2- statistically
Cauchy sequence, A\2-summability, and Cesaro summability for double sequences in
fuzzy n normed spaces. Besides we have studied the relation between A\2-statistically
convergence and A2-summability in fuzzy n normed spaces. Finally, for bounded



50

MUHAMMED RECAI TURKMEN

double sequences, we saw that

FnS3 (X) = [V, N

FnN (X)’
C,1—1]p,N -
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