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Abstract— In this article, the concepts of lacunary I-convergent
multiple sequences of fuzzy real numbers having multiplicity
greater than two is introduced. The relation between lacunary I-
convergent and lacunary I-Cauchy triple sequences is introduced.
Also some algebraic and topological properties such as linearity,
symmetric, convergence free etc. are studied and some inclusion
results are established.
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I. INTRODUCTION

Fuzzy set theory, compared to other mathematical theories, is
perhaps the most easily adaptable theory to practice. Instead of
defining an entity in calculus by assuming that its role is
exactly known, we can use fuzzy sets to define the same entity
by allowing possible deviations and inexactness in its role.
This representation suits well the uncertainties encountered in
practical life, which make fuzzy sets a valuable mathematical
tool. The concepts of fuzzy sets were first introduced by L. A.
Zadeh [40] in 1965. Subsequently several authors have
discussed various aspects of the theory and applications of
fuzzy sets. In fact the fuzzy set theory has become an active
area of research in science and engineering for the last 51
years. While studying fuzzy topological spaces, many
situations are faced, where one has to deal with convergence of
fuzzy numbers.

Using the notion of fuzzy real numbers, different types of
fuzzy real-valued sequence spaces have been introduced and
studied by several mathematicians. Agnew [1] studied the
summability theory of multiple sequences and obtained certain
theorems for double sequences by the author himself. In order
to generalize the notion of convergence of real sequences,
Kostyrko, Salat and Wilczynski [16] introduced the idea of
ideal convergence for single sequences in 2000-2001. Later on
it was further developed by Salat et. al. ([17], [28]), Kumar
and Kumar [19], Tripathy and Tripathy [39], Das et. al. [6],
Sen and Roy [32], Nath and Roy [20], Nath and Roy [22] and
many others.

The different types of notions of multiple sequences was
introduced and investigated at the initial stage by Sahiner
et. al. [26] and Sahiner and Tripathy [27]. More works on
multiple sequences are found in Kumar et. al. [18], Dutta et. al.
[8], Savas and Esi [31], Esi [11-12], Nath and Roy ([21], [23]).
A fuzzy real number on R is a mapping

X iR — L(=[0,1]) associating each real number t € R
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with its grade of membership X (t). Every real number r can
be expressed as a fuzzy real number I as follows:
F (0 = 1 if t=- r

0 otherwise
The o-level set of a fuzzy real number X ,0 < r <1, denoted
and definedas [X]* ={t e R: X(t) > a}.
A fuzzy real number X is called convex @ if
X(t) = X (s) A X(r) =min (X (s), X(r)), where s<t<r.
If there existst, € Rsuch that X (t,) =1, then the fuzzy real

number X is called normal. A fuzzy real number X is said to be
upper semi-continuous if for each £ >0, X [0,a+¢)), for

all ae L is open in the usual topology of R.The set of all
upper semi continuous, normal, convex fuzzy number is
denoted by R(L), whose additive and multiplicative identities
are denoted by Oand1 respectively.

Let D be the set of all closed bounded intervals X = [X L X R]
on the real line R. Then X <Y ifand only if X" <Y" and
XR<YR Alsoif d(X,Y) = max (| X"-X®[,|Y--Y®]), then
(D,d) is a complete
d:R(L)xR(L)—> R defined by
d(X,Y)=supd([X]* [Y]?),for X,Y e R(L)

0<a<1

is a metricon R(L).

metric  space.  Moreover

Let X be a non empty set. A non-void class | 2% (power set
of X) is said to be an ideal if | is additive and hereditary, i.e. if |
satisfies the following conditions:

(i) ABel = AuBeland (iij) Acland Bc A=Bel.

A non-empty family of sets F < 2% is said to be a filter on X if
(i) DeF (ii)A,B eF =AnB eFand (iii) AeFand A cB
=BeF.

For any ideal I, there is a filter
F(D={K<cN:N\Kel}

An ideal | < 2% is said to be non-trivial if 122 and X & |I.
Clearly |1 <2 is a non-trivial ideal if and only if
F=F()={X—-A:Ael}isafilter on X.

F(1) defined as
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A non-trivial ideal | is called admissible if and only if
{{n}: ne N}C I. A non-trivial ideal | is maximal if there

cannot exists any nontrivial ideal J # | containing | as a subset.

Assubset E of N x N x N is said to have density 0(E) if

P g _r
Oo(E)= Iim ZZZ;{E(m,n,I)existswhere Xe

P-4 F=% 113 'ne1 1=1
is the characteristic function of E.

Throughout, the ideals of 2™ will be denoted by 1.
Example 1.1. Let 1,(p) = 2™V i.e. the class of all subsets

of N x N x N of zero natural density. Then 1,(p) is an ideal

Of2N><N><N
In 1993, Fridy and Orhan [13] introduced the concept of

lacunary statistical convergence. Different classes of lacunary
sequences have been studied by some renowned researchers
namely Nuray [24], Demirci [7], Bligin [5], Altin et. al. ([2],
[4]), Altin [3], Gokhan et. al. [14], Subramanian and Esi [33],
Esi [10], Savas [30], Tripathy and Baruah [34], Dutta et al. [9],
Saha and Roy [25] and many others. The concept of lacunary
I-convergence was introduced by Tripathy et. al. [36]. More
works on lacunary I-convergence was done by Hazarika [15],
Tripathy and Dutta [35] and so on.

1. PRELIMINARIES AND BACKGROUND

In this section, some fundamental notions, which are closely
related to the article, are recalled.

Throughout the article ,(w"), ,(¢%), 5(c7), 4(c,”) denote

the spaces of all, bounded, convergent in Pringsheim’s sense,
null in Pringsheim’s sense fuzzy real-valued triple sequences
respectively and N, R, C denote the sets of natural real and
complex numbers respectively.

A triple sequence is a function X: N x N x N — R(C).
A fuzzy real valued triple sequence X =<an,> is a triple

infinite array of fuzzy real numbers X _., for all
m,n,l € N, where X, €R(L).
A fuzzy real-valued triple sequence X =<an|> is said to be

convergent in Pringsheims sense to the fuzzy real number X, if
for everye>0,3, m, =m,(g),n, =n, (&)1, =1,(€)
e Nsuch that d(X,,,X)<e for all m>m,,n>n,,
I >1,.
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A fuzzy real-valued triple sequence X = <an,> is said to be

I3-convergent to the fuzzy number XO, if for all £ >0, the
{MmnD)eNxNxN:d(X, A X,)=e}el,.
We write I, —lim X, = X,.

set

mnl
A fuzzy real-valued triple sequence X =<an,> is said to be
I ,-bounded if there exists a real number g such that the set
{(mn, ) eNxNxN:d,(X,,,0) > z}el,..

A fuzzy real-valued triple sequence space EF is said to be
solid or normal if (Y, )eE"whenever <Xmm>eEF and

H(Ymn,,f)) sa(xmn,,f)) forall m,n,l e N.

A fuzzy real-valued triple sequence space EF is said to be

monotone if E" contains the canonical pre-image of all its
step spaces.

A fuzzy real-valued triple sequence space EF is said to be
symmetric  if <X”(n|k)>e EF, whenever <an,>e EF
where 77 is a permutationon N x N x N.

A fuzzy real-valued triple sequence space EF is said to be
sequence algebra if (X ®Y, )eE", whenever
(Xt )2 (Yo ) EEF

A fuzzy real-valued triple sequence space EF is said to be
convergence free if (Y, )eEFwhenever (X )eE". and

mnl

Xl = Oimplies Yo = 0.

A lacunary sequence is an increasing integer sequence
0=(k,) (r=0123...) of positive integers such that
ko=0 and h, =k, —k, , »>oas r —oo. The intervals

determined by € will be defined by J, = (K, ;,K,] and the

I(I'

ratio will be defined by Q.

r-1

A lacunary sequence o' :k/(l’) is said to be lacunary

0=(k,) if

refinement of the

k, ck'(r)

lacunary  sequence

2.1 Lacunary convergence of triple sequence
A triple sequence 4, {(mr ,ng, Ip) }(r S, p=012,.

rs,p
) of positive integers is called lacunary if there exists

three increasing sequences of integers { mr}, { ns}, {Ip} such that
m, = 0, h,
n, = 0,h

=m —-m,_ —>wasr—>wo

=n,-n_, —>o0asr—o
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l, =0,h =1

Let us denote M, ¢

-1, >oasr—-ow
and h,  , =hhhj

and it will be

=mnJ,
and the intervals are determined by &
defined by

r.s,p

Joop=lmnl):m, <ms<m, ,n <n<n 1, <1<l |
m n l,

and q =——, q, = —, qp:li'
mr—l nr—l p-1

A triple sequence <an,> is said to be &, ; | convergent to L if

sp
for every & > 0and there exists integers N, € N such that

; > d( Xy L)<eVr,s p2n,

rs,p (m.n,p)ed
SO, —lim X, =L
2.2 Lacunary ideal convergence of fuzzy triple sequences

Let 6,,, = {mrys'p } be a triple lacunary sequence. Then a

r,s,p

mnl

triple sequence <an|> of fuzzy real numbers is said

to be lacunary | g -convergent to a fuzzy real
r,s,p

numbers L if for every >0, the set

> d(xmn.,L)zg}els.

(m,n,Ned

{(r,s, p) eNxNxN:L

r.s.p r.s,p

Wewrite I, —IlimX_, =L
rs,p

A triple sequence <X > of fuzzy real numbers is said to be

mnl

-null if for every & > 0, the set

3 d(xmm,o)z.g}e|3.

(mn,1ed;s,

lacunary I,

{(r,s, p) eNxNxNi——

r,s,p
-limX_,, =0.

Let I; be an admissible ideal of N x N x N . A triple

We write 1,
rs,p

sequence <X mn,) is said to be 1, - Cauchy if there exists a

subsequence <X O (o )> of <an|> such that

(m’(r )e J

lim
(r,s,p)o(o,0,)

{(r,s,p)eNxNxN:h1

rs,p (mnl)ed g,

s pforeach r,s,p

O () = L and for every & > 0 the set

d (X it s X o 06 (o) )2 a}e I,

The triple sequence Pr.s.p =(ﬁr , N ,| p) is called a

triple lacunary refinement of triple Iacunary sequence
0, s (m n I)nf(mr,ns,lp)g(mr,ns,lp)

ry s
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F .
Remark 2.1. Every normal sequence space E~ is monotone.

[ll. MAIN RESULTS

Using the standard techniques, the following result can be
easily proved.

Theorem 3.1- Let X = <X mn,> be a triple sequence. Then

(i) If X = <an|> is 6, ; , —convergent then
0., —lim X is unique.
(i) If X = <an|> is 1,  —convergent then

o, —limX . isunique.

Theorem 3.2- Let <X mn,) : <Ymn|> be the triple sequences of
fuzzy real numbers. Then

(M)if 1, —lim X, = X, then
g, —limc X, =cX,, for ceR.
)it 1, —limX = X,and 1, —limY,, =Y,
then 1, = lim (X + Yy ) =( Xg +Y,)
Proof. (i) Let I, ~—lim X, = X, and X7, denote the

— level set of X .., where o €[0,].
since d (X 2, eX &) =|cld(X &, X&), for ceR.
= sup d(cX & ,,cX&) = |c|supd(xmn,, )
:d(cxmm,cxo)=|c|d(xmm, Xo)-

Now for a give & > 0,

Y, d(ex

(m.,n,1)eld

{(r,s,p) eN><N><N:L

< {(r,s. p)

NN Y d(an,,XO)zg}.
hrSP (mnl)e‘]rsp ‘C‘

rs,p

Hence I, ~—limcX,,, = cX,.

(Let T, —limX = Xo, 1, —limY,, =Y,
and X km denote the o —level setof X, where & €[0].
d(X I_|_Ymnl’><0l_|_Y )<d(xmnl’xg)

+d( mnl'Y )

:>supd(X ot Yo Xo +Yo")

mnl !

<SUpd(X X )+d(YmnI’ 0:)

mnl
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:>d(X Yo Xo +Yy)
<d(xmnl’x )+d(YmnI’ Oa)
For agiven ¢ >0,

rs,p ENXNxNi— d(X o +Y 0 X, +Y, J2e
0 0

ros,p (M el

<fltsp eNxhxn: | Y
hr‘s,p (mon1)edq s,

! Z a(anI'XO )26}
o ea.s, 2

rs,p (mn

o |

—

><

El

><

S

_

T

o |

—

—~<

3

<

Z_

~

)
~_
—

s{(r,s,p) eNxNxN:

. {( .

Hence 1,
r.s,p

eNxNxN:—— d(Y,,.Y)=<
rSp(m"") rs.p 2

—lim ( anl +Ymn|) :( XO +Y0)‘ =

Theorem 3.3- Let <X mn,> be a triple sequence of fuzzy real

numbers. If @, —lim X, =L, then
1, —lim X, =L
Proof. Let 6, (, —lim X =L, thenforevery &>0

then there exists N, € N such that
1

> a(x - ,L)<er,s, p>n,.
hl‘,S,p (mvnvp)e‘]r‘s,p
Therefore the set

B=(I‘,S,p)eN><N><N:L Zd(anl,L)Ze}

r,s,p (m,l‘l,|)6\]r‘5.p

<{1,1,2,(2,2,2)..(n, -1,
But I, isadmissible. So B € I.

n, —1,n, —1)}el,.
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{(r,s,p)eNxNxN:hl >

r,s,p (m,n,l)eJ,vs‘p

m, ,n,,l, are chosen suchthat r>m,,s>n, p=>1,
then

{(r,s, D) eNxN><N:hl Y d(Xmlnl,l,L)<1}el3.

r,s,p (mi Ny ll)e‘]r‘s,p

Next m, >m, , n, >n, , |, > 1, are chosen such that

r-m,,s=n,, p=l,, then
1 < 1

(sp) eNxNxNi—— ¥ d(x,, L)< |el,
r,s,p (mzvnzvlz)e‘]r‘s‘p 2

Therefore for each r satisfying

m,<r<m,,n, <s<n,,lL<p<l,

(m’(r),n’(s),l’(p))e Jip

1 —

(r,s.p) eNxNxN:—— D d (x W )<1 ¢l
rs.p (m/(r)‘n/(s)‘I’(p))eJ,s‘p

Proceeding in this way inductively, we have

My, >m,,n, >n,,l,; >I, suchthat
r>m

is chosen such that

then

a( Xm Al ! L )<U\1-W’E [

s>n,,,,p=l

u+l ? w+l?

{(r,s,p)eNxNxN:h1 Y

r,s,p (muwl Mysps lwAl)GJv‘s.p

For eachr, s, p satisfying

mu+1>r2mu1nv+l>sznv’ w+1>p—|

1 = 1
((r,s, p) eNxNxN:—— Z d(Xm/(r)n,(S)I/(p),L)<]elg.

Hence I, ~—imx,, =L. = s 006 (p)eds, ww
Theorem 3.4- Let |, be an admissible ideal of N xNxN.A . ¢ (X o) L)< 1
: m/(r)n/(s)I’(p UVW
triple sequence of fuzzy real numbers <an|> is 1, L .
Fsp This implies that lim X, ., . =L
. e (r.s,p)>(0,0,0) M ('(s)'(p)
convergent if and only if it is |, - Cauchy sequence. Y o
rep Therefore for every & > 0,
Proof . Let <an|> be Igrsp convergent and let
. B 1 -
Ig,r‘s‘p —-limX, ., =L (r,s, p) eNxNxN:—— d(X m X m’(r)n/(s)ll(p))zg
Let o ) )(Es (P) €31s
Hi = (I‘Sp)eNxNxN'L Y 7(X L)>i 1 =
(i..k) > ' ) a5 meE ik < (r,s,p) eNxNxN:—— Z d(Xmm,L)Zg V)
r,s, N, lje rs.p rs.p (m,n,”EJ,‘S‘p
. | B
for each i, j,keN. (rs,p) eNxNxNi— ) d(xm/mn,(s]l,(p),L)zg el,
Clearly H (i1 i1 k) S Hg jforeachi, j,keN Neco Wil Tiolss,

and the set
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1 - B= (I’Sp)eNxNxN'L Za(z L)<$
2 (rs,p) eNxNxN:—— d(an,, X oo 26 € e " h oo (0T mnl
s (0008 (p) €3y rosp MM LE s,
m el are obtained in the filter F(I;).
<an,> isa Igrs X — Cauchy sequence. Let
Conversely let <an|> be a Itgmp - Cauchy sequence. Then :{(r,s, p) e NxNxN: 1 Z d (Ymnl L )<€}
every £ >0 rsp (mad)ed g,
Then
C oAUBand AUBeF(l,)
(rs.p) eNxNxN:—— d(x,,. X J> 3
SiP) e M Em/(r),n/(s)‘l/(p])el i A i) =4 C e F('s)-
mon el g, ’

{(I’,S,p)eNxNxN:1 Z d(Ymn,,L)Zg}elg.

{(r,s, p) e NxNxN: ! > d(X L )zg}_ fsp (maed.,
h. s . . —limY,, =L =

Theorem 3.6- If p . is a triple lacunary refinement

1 i &
(r’s’ p) ENXNXN.* / / ] d(xmnl ' Xm’(r)n/(s)l/(p))ZE v f 9 d I - Im X == L h
s (m(r WII)(S)JJ (0) €3reg 0 rs,p N Prs.p I mnl — then
., — limX, ., =L.
(r,5,p) € NxNXN: 1 ¥ a(xm/(r)n’(s)l’(p) L )Zf . I3lProof. Letforeach J, . of &,  contains the points
s WO Ok, 2 u(r)v(s) w(p)

(m/r,i s ,I/p,k)i’j’k:l of p, , where

ros,p (mneds, mr71 <m/r.l<m/r.2 <iienens <m/r,u(r)
<an|> is 1, convergent sequence. m n., <nsi<nsz<..... <Ns.v(s)
Theorem 3.5- Let (X}, (Yyo )i (Z) be fuzzy real-valued 1, < Ups<lp2 <. <l p.w(p) where

triple sequences such that

O ( Xot) <(Yoot) < (Zowt )

(i, —limX =1, —lmZ, =L
Then I, - limyY,, =L

Proof. Since Igr‘s,p —limX_ ., = Igr‘svp —limz_, =L, Let (ji,j,k)?j-c)’o:=l be the sequence of abutting blocks of

Jeisikp ={(m’ 'l ): mria<m <m, :
ns ja<n’ <n’s V<!l Sllp} forallr, s, p.

(mr,ns,lp)g (m/r,n/s,llp)

so for achosen & >0 we have j/r.i,s.j,p_k ordered by increasing a lower right index points.
(r5,p) < NxNxN: 1 5 H(an,,L)zg cl, Since Ipr‘s,p —lim X, =L, therefore foreach &>0, we
r,s,p (mvnvl)EJrsp have
and _
1 B {(i,j,k)eNxNxN:1 Z d(anl,L)28}6|3
{(r,s,p)eNxNxN:h Z d(Zmn,,L)Zg}eIS. hife T
r,s,p (m,n,|)EJr,s,p Where hrsp :hr hS hp,h ri :mr,i —Mm ri-l,

Then the sets _ _ _ _ _
_ } hs,j:ns,j—ns,j—l, hp,kzlp,k—lp,kflv

) CNxNxN: L L)<e
A_{(r,s,p) NN N S d (XL )< {(r,s,p)eNxNXN3h1 > d(an.,L)ZS}

r,s,p (mvnvl)e‘]r‘s‘p
ijk (m.n,Ned;s,

and
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g{(r,s,p)eNxNxN:

(mon1)eds,

{(r,s,p) eNxNxN:

o, —limX,,

r.s,p

Theorem 3.7 - Let 6, ;

1

ZJ {(i:jyk)ENxNxN; z

1

ijk

=L =

ijk

1

(=4

hijk]J B

Q|

2

(m,n,Deds,

= { mrys’p} be a triple lacunary

sequence. Then the sequence spaces (30I ) ; and

rs,p

I\F
(3 Co ) ¢. . arenormal and monotone.
rs,p

1) F
Proof. We prove the result for the space (3 Co ) P

l'ySvp'

Similarly, the other case can be established.

Let <amn,> be a sequence of scalars such that | ¢, | <1, for

all m,n,l e N.

Then from the following inclusion relation:

{(r,s,p) eNXNxN i ——

it follows that the space (

1

ros,p (m ,n,I)eJ,‘S‘p

g{(r,s,p) ENxNxN:—1—

r,s,p

el

(m,

p

Remark 2.1, it follows that (3Co )g is monotone. m
rs,p

Proposition 3.8- The classes of the sequences (SC' ) g

r.s,p

1) F
(3C0 ) 0, ., are not convergent free.

Proof. Consider the space (3Cé) g

r,s,p '

The proof follows from the following example.

Example 3.1. Let &

sequence. Consider two sequences (X ), (Y, ) defined by

X mmm (t) =

rs,p

©
N

Otherwise, X, = 0.

1™ 5~

= (Zr , 4%, 3”) be a triple lacunary

~Jmi<t<o
for O<t£x/ﬁ

otherwise

(],
(xmnl L )Zg}e l,.

> 4 (g X oy ,L)Zg}
> d(xmm,L)zg}e|3,

n,

1\ F

)9 is normal. Also by
r,s,

and

DOI:10.15693/ijaist/2016.v5i12.14-21

t
14—, ~JmE<t<0
Jm?
Y (1) = 1-\/;? for 0<t<m®
0, otherwise

Otherwise, Y, ., =1
Now,

{(r,s,p)eNxNxN:h1 Y d(XmmlO)Z(g}

r,s,p (m,n,l)eJ,‘svp
where

oo ={(mn1):2t <m<2r 4t <n<a® 37 <1 <30

h.ep =h h hy :( r _2r—1)( s _45_1)(3p _Sp_l)

ren {(r,s,meNxNxN:hl 5 r}l

ros.p (mnledis,

<an,> and (Y, ) € (30(')) gr” but X, =0 does not
imply that Y,.,, =0, m,n,l € N.
Hence the sequences (30(', ) gr i, is not convergent free.

Similarly, the other case can be established. m

Proposition 3.9- The classes of the sequences (?,C');rsp

1) F
and (3C0 ) 9, ,are not sequence algebra.

Proof. Let wus consider the space (sc('))g

The proof follows from the following example.
Example 3.2. Let 8. . = (3', 3, 3") be a triple lacunary

rs,p

sequence. Let <X il > <Ymn, > be two sequences defined as:

t
- —, for -Jm<t<0
Jm
t
X oo (1) =4 —, for 0<t<m
0= Tm
0, otherwise
Otherwise, X, =0.
1+L, for —J/m<t<0
m
Y, ®=11--1,  for o<t<Jm
m
0, otherwise

Otherwise, Y., =1

Then
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<anl> and <Ymnl> € (3Cé ) gr’s‘p, but
(anl ®Ymnl)e (SC(I) ) Z

r,s,p '
N\F .

Hence the sequence (300) 0,,, IS NOt sequence algebra.

Similarly the result can be proved for the other space. =

[V. CONCLUSION

For the development of any sequence space, convergence of
that sequence space plays an important role. We have
introduced the notion of lacunary I-convergent multiple
sequences of fuzzy real numbers having multiplicity greater
than two. The relation between lacunary I-convergent and
lacunary I-Cauchy triple sequences is obtained. Also some
algebraic and topological properties are studied and some
inclusion results are derived. The introduced notion can be
applied for further investigations from different aspects.

ACKNOWLEDGMENT

The authors would like to record their gratitude to the Editorial
Board members for their careful reading and making some
useful comments which improved the presentation of the
paper.

REFERENCES

[1]. Agnew R. P., On summability of multiple
sequences, American Journal of Mathematics,
1(4), 1934, pp. 62-68.

[2]. Altin Y., Altmok H. and Et M., Lacunary almost
statistical convergence of fuzzy numbers, Thai J.
Math., 2(2), 2004, pp. 265-274.

[3]. Altin Y., A note on lacunary statistically
converge- nt double sequences of fuzzy
numbers, Commun. Korean Math. Soc., 23(2),
2008, pp. 179-185.

[4]. Altin Y., Et M. and Colak R., Lacunary statistical
and lacunary strongly convergence  of
generalized difference sequences of fuzzy
numbers, Comput. Math. Appl., 52, 2006, pp.
1011-1020

[5]. Bligin T., Lacunary strongly A-convergent
sequences of fuzzy numbers, Inf. Sci., 160(1-4),
2004, pp. 201-206.

[6]. Das P., Kostyrko P., Wilczynski W. and Malik P.,
| and I*convergence of double sequences, Math.
Slovaca, 58(5), 2008, pp. 605-620.

[7]. Demirci K., On lacunary statistical limit points,
Demonstrato Mathematica, 35(1), 2002, pp. 93-
101

[8]. Dutta A. J., Esi A. and Tripathy B. C., Statistically
convergence triple sequence spaces defined by
Orlicz function, Journal of Mathematical Analysis,
4(2), 2013, pp. 16-22.

[9]. Dutta A. J., Esi A. and Tripathy B. C., On
Lacunary p-absolutely summable fuzzy real-

ISSN: 2319:2682
DOI:10.15693/ijaist/2016.v5i12.14-21

valued double sequence space, Demonstratio
Mathematica, XLVII(3), 2014, pp. 652-661.

[10] Esi A., On asymptotically double lacunary
statistically equivalent sequences, Appl. Math.
Lett., 22(12), 2009, pp. 1781-1785.

[11] Esi A., A, — statistical convergence of triple

sequences on probabilistic normed space,
Global Journal of Mathematical Analysis, 1(2),
2013, pp. 29-36.

[12] Esi A., Statistical convergence of triple sequenc-
es in topological groups, Annals of the Univers-
ity of Craiova, Mathematics and Computer
Science Series, 40(1), 2013, pp. 29-33.

[13] Fridy J. A. and Orhan C., Lacunary statistical
convergence, Pacific J. Math., 160(1), 1993,
pp. 43-51.

[14] Gokhan A., Et M. and Mursaleen M., Almost
lacunary statistical and strongly almost
lacunary convergence of sequences of fuzzy
numbers, Math. Comput. Modelling, 49(3-4),
2009, pp. 548-555.

[15] Hazarika B., Lacunary ideal convergent
double sequences of fuzzy real numbers ,J.
Intell. Fuzzy Syst. 27(1), 2014, pp. 495-504.

[16] Kostyrko P., Salat T. and Wilczynski W.,
I-convergence, Real Anal. Exchange, 26,
(2000-2001), 669-686.

[17] Salat T.,. Kostyrko P., Macaj M. and Sleziak
M., I-convergence and extremal I-limit points,
Math. Slovaca, 55, 2005, pp. 443-464.

[18] Kumar P. and Kumar V. and Bhatia S. S.,
Multiple sequence of Fuzzy numbers and
their statistical convergence, Mathematical
Sciences, Springer, 6(2), 2012, pp. 1-7.

[19] V. Kumar, K. Kumar, On the ideal convergence
of sequences of fuzzy Numbers, Information
Sciences; 178, 2008, pp. 4670-4678.

[20] Nath B. and Roy S., Some Classes of
I-convergent difference double sequence
spaces defined by Orlicz functions,

Inter. Journal of Futuristic Science, Engini-
.ring and Technology; 1(7), 2013, pp. 420-436.
[21] Nath M. and Roy S., On fuzzy real-valued

multiple sequence spaces ,¢" (p), Inter.

Journal of Emerging Trends in Electrical and
Electronics, 11(4), 2015, pp. 103-107.

[22] Nath M. and Roy S., Some new classes of
fuzzy real-valued ideal convergent multiple
sequence spaces, Asian Journal of
Mathematics and Computer Research, 11(4),
2016, pp. 272-288.

[23] Nath M. and Roy S., Some new classes of
ideal convergent difference multiple sequen-

ces of fuzzy real numbers, Journal of Intelligent
and Fuzzy systems, 31(3), 2016, pp. 1579-1584.

[24] Nuray F., Lacunary statistical convergence of

20



International Journal of Advanced Information Science and Technology (IJAIST) ISSN: 2319:2682
Vol.5, No.12, December 2016 DOI:10.15693/ijaist/2016.v5i12.14-21

sequences of fuzzy numbers, Fuzzy Sets of double sequences, Soochow Journal of

Systems, 99, 1998, pp. 353-356.

[25] Saha S. and Roy S., On Lacunary p-Absolutely
Summable Fuzzy Real-valued Triple Sequence
Space, International Journal of Advanced
Information Science and Technology (IJAIST),
55(55), 2016.

[26] Sahiner A., Gurdal M. and Diden F. K., Triple
sequences and their statistical convergence,
Seluk, Appl. Math., 8(2), 2007, pp. 49-55.

[27] Sahiner A. and Tripathy B. C., Some I-related
Properties of Triple Sequences, Selcuk J.
Appl. Math., 9(2), 2008, pp. 9-18.

[28] Salat T., Tripathy B. C. and Ziman M., On
some properties of I-convergence, Tatra Mt.
Math. Publ., 28, 2004, pp. 279-286.

[29] Salat T., Kostyrko P., Macaj M. and Sleziak M.,
I-convergence and extremall-limit points, Math.
Slovaca, 55, 2005, pp. 443-464.

[30] Savas E., On some double lacunary sequence
spaces of fuzzy numbers, Comput. Math.,
Appl., 5(3), 2010, pp. 439-448.

[31] Savas E. and Esi A., Statistical convergence
of triple sequences on probabilistic normed
Space, Annals of the University of Craiova,
Mathematics and Computer Science Series,
39(2), 2012, pp. 226-236.

[32] M. Sen, S. Roy, Some I-convergent multiplier
double classes of sequences of fuzzy numbers
defined by Orlicz functions, Journal of Intellig-
ent & Fuzzy systems, 26, 2014, pp. 431-437.

[33] Subramanian N. and Esi A., On lacunary
almost statistical convergence of generalized
difference sequences of fuzzy numbers, Int. J.
Fuzzy Sys., 11(1), 2009, pp. 44-48.

[34] Tripathy B. C. and Baruah A., Lacunary
statistically convergent and lacunary strongly
convergent generalized difference sequences
of fuzzy real numbers, Kyungpook Math. J., 50,
2010, pp. 565-574.

[35] Tripathy B. C. and Dutta A.J., Lacunary |-
convergent sequence of fuzzy real numbers,

proyecious Journal of Mathematics, 34(3), 2015,

pp. 205-218.

[36] Tripathy B. C., Hazarika B. and Choudhary B.,
Lacunary |- convergent sequences,

Kyungpook Math. J., 52(4), 2012, pp. 473-482.

[37] Tripathy B. C. and Dutta A. J., Statistically
convergence triple sequence spaces defined by
Orlicz function, Journal of Mathematical
Analysis, 4(2), 2013, pp. 16-22.

[38] Tripathy B. C. and Goswami R., On triple
difference sequences of real numbers in
probabilistic normed spaces, Proyecciones
Journal of Mathematics, 33(2), 2014, pp.157-
174.

[39] B.K. Tripathy, B.C. Tripathy, On I- convergence

Mathematics; 31(4), 2005, pp. 549-560.
[40] Zadeh L. A., Fuzzy sets, Information and
Control, 8, 1965, pp. 338-353.

Authors Profile

Munmun Nath is an Assistant Professor in
the dept. of Mathematics, S.S. College,
Hailakandi; Assam, India. Currently she is
pursuing Ph. D. in the dept. of Mathematics,
NIT Silchar, Assam, India. Her research
interest includes Fuzzy Mathematics.

Dr. Santanu Roy is an Assistant Professor&
Head, Department of Mathematics in NIT
Silchar since 1992. His research interest
includes Fuzzy Logic. He has published more
than 20 papers in International Journal and
conferences including SCI/Scopous indexed.

21



