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1. INTRODUCTION

After Zadeh[1] introduced the idea of a fuzzy set, many authors have constantly
put great efforts to establish fuzzy analogues of classical theories. Like other fields,
the field of fuzzy topology is heading towards progressive developments by con-
tributing beneficial applications in quantum particle physics. Gé&hler introduced
2-normed and n-normed linear spaces in [2, 3] and was further studied by Kim and
Cho [4], Malceski [5], and Gunawan and Mashadi [6]. Vijayabalaji and Narayanan
[7] defined fuzzy n-normed linear space. Atanassov [8] generalized fuzzy sets and



2 V. A. Khan et al. / A New Type of Difference I-Convergent

proposed the notion of intuitionistic fuzzy sets (IFS). Furthermore, Deschrijver
and Kerre [9] gave the properties of IFS. These notions helped Coker [10] to define
intuitionistic fuzzy topological spaces. Saadati and Park [11, 12] studied these
spaces and their generalization, which helped them to obtain the concept of intu-
itionistic fuzzy normed space(IFNS). In 2007, Vijayabalaji et al.[13] presented the
interesting notion of intuitionistic fuzzy n-normed space(IFnNS) as a generaliza-
tion of fuzzy m-normed linear space and also introduced Cauchy and convergent
sequence in IFnNS.

Fast [14] initiated the theory of statisitcal convergence which was further
generalized by Kostyrko et al.[15] to the notion of I-convergence with the help
of ideal I, which is the subset of a set of the natural number N. Later on,
I-convergence was studied in different types of spaces by several authors (see,
[16, 17, 18, 19, 20, 21, 22, 23, 24]). Kizmaz [25] introduced the notion of differ-
ence sequence spaces, further Et and Colak [26], Tripathy and Esi [27] analyzed
this space. Gumus and Nuray [28] investigated the generalized difference ideal
convergence of sequences in different spaces.

2. PRELIMINARIES

Throughout this article, we use N and R as the set of natural number and the
set of real number, respectively.

Definition 1. [15] A subset I of power set P(N) is called ideal if it satisfies the
following conditions:

(i) Del,

(i) CUD eI forallC,D €1,
(iii) for all C €I and D C C then D € 1.

Remark 2. [15] An ideal I is called non-trivial if I # P(N). If{{n} :n e N} C I,
then I is called admissible ideal.

Definition 3. [15] A non-empty subset F C P(N) is known as filter in N if
(i) 0 ¢ F,
(ii) for every A, Be F=ANBEF,

(iii) for every A € F with A C B, one obtain B € F.

Proposition 4. [15] For every ideal I, there is a filter F(I) associated with I
defined as follows:

F(I)={KCN:K=N\A, for some AcI}.

Definition 5. [11] A t-norm e is a binary operation on [0, 1], which satisfies the
following conditions:

(i) ® is associative and commutative

(ii) ® is continuous

(i) p « 1 = p, for all p € [0,1]

(iv) e is non-decreasing i.e., p @ ¢ < 1 ® s wheneverp <r andq < s and p,q,r,s €
[0, 1].
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Example 6. p; ® py = pip2 and p1 ® py = min(p1,p2) are two examples of
continuous t-norm.

Definition 7. [16] Let (V, ¢, ) be generalized probabilistic n-norm space. A se-
quence u = (u;) in V is said to be A™— I-convergent to ¢ € V with respect to the
generalized probabilistic n— norm if for each s > 0, € € (0,1) and vy,v2,...,vp_1 €
V, the set

{j eN: ¢(’U1,'U2,...,'Un,1,Am’UJj _Cvs) <1 _6}
belongs to I and denoted by I — lim A™u; = (.

Definition 8. [16] Let (V, ¢, ) be generalized probabilistic n-norm space. A se-
quence u = (u;) in V is said to be A™— I-Cauchy with respect to the generalized
probabilistic n— norm if for each s > 0, ¢ € (0,1) and v1,v9,...,v,—1 €V, there
exists k = k(e) € N in such a way that, the set

{j eN:d(v1,v2,..., 001, A uj — Ay, s) <1 —€}.
belongs to I.

Definition 9. [11] A t-co-norm ¢ is a binary operation on [0,1], which satisfies
the following conditions:

(a) © is associative and commutative

(b) © is continuous

(¢)po0=p, for all p€[0,1]

(d) ¢ is non-decreasing i.e., poq < ros whenever p <r and ¢ < s and p,q,r,s €
0.1)

Example 10. p; ¢ po = min(p; +p2,1) and p1 © pa = max(p1,p2) are two
examples of continuous t-co-norm.

Remark 2.2.[11]

(1) For any two numbers a,b € (0,1) with a > b, there exist ¢,d € (0, 1) such that
aec>banda>dob.

(2) For any e € (0,1), there exist f,g € (0,1) such that f ¢ f > eande > g o g.

Definition 11. [13] The five-tuple (V,¢,1), 0, 0) is called an intuitionistic fuzzy
n-normed space if V is a linear space over a field F, o is a continuous t-norm,
© is a continuous t-co-norm and ¢ & i denote the degree of membership & non-
membership of (uy,us,...,u,,s) € V" x (0,00) satisfy the following conditions ¥V
(u1,ug,...,up) € V* and s,t >0:
(a) d(ur,ug,y ... upn,8) + Y(up,ug,... up,s) <1,
(b) ¢(U1,U2, sy Up, 5) > 0;
(c) d(ur,ua,. .., un,s) = 1 iff ur,us,...,u, are linearly dependent,
(d) d(ur,uz, ..., un,s) is invariant under any permutation of uy,us, ..., Uy,

(

(6) d) u17u2a"'aaunas) = ¢<u1,u27"'aunvﬁ)> VOZ?&O; OéGF,
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(f) ¢(U1,U27....Un,17un,t) L ¢<U1,U2,....,’U/n717u;,8) S (b(Uh’ILQ,....,U/n,l,Un +
Up,t+s),
(9) d(u1,ua,...,upn,s): (0,00) = [0,1] is continuous in s,
(h) lim ¢(ug,ug,...,un,s) = 1 and lim ¢(uj,ug, ..., u,,s) = 0,
s—00 s—0
(7’) w(u17u27 ceey Up, S) < 1)
() Y(ur,ug, ... un,s) = 0 iff u,ua,...,u, are linearly dependent,
(k) w(uy,ua, ..., un,s) is invariant under any permutation of uy, us, ..., Un,

(l) 'l,ZJ('lLl,UQ,...,Oé’LLn,S) - w (u17u27"' y Uny ﬁ?‘)7 Va 7é 07 o€ F7
(m) Y(ur, w2, ..., Up,t) 0 P(UL, Uy eeeey Uy, S) = P(Ur, Uy ooy Uy + Ul t+ S),

(n) Y(ug,ua, ..., un,s): (0,00) = [0,1] is continuous in s,
(o) im ¥(ui,ug,...,uy,s) = 0 andlims_o ¥(ui,ug,...,uy,s) = 1.
5— 00

Example 12. If (V,].|) forms an n-normed linear space, let for all a,b € [0,1],

t-norm is defined as aeb = ab and t-co-norm is defined as aob = min{a+0b,1},
S |U1,UQ,...,U7L7|
= d =
¢(U17’LL2, 7un75) S+‘U1,U27...,un,| an 1/J(u17u27 7un75) s+|u1,u2,...,un|

Then (V, ¢, 1, 8,0) forms an intuitionistic fuzzy n-normed space.

Definition 13. /18] In an IFnNS (V,¢,1,e,0), convergence of a sequence (uj)
to ¢ is defined as for a given € > 0, s > 0 and vi,vs,...,v,—1 € V, there exists
ko € N such that

(]5(1)1,1}2, cee 7vn717uj_<-7s) > 1—¢ and 7/’(“1771% cee 7vn717uj_<-7s) < ¢ v] > k()~

Definition 14. [13] In an IFnNS (V, ¢, 1, e,0), a Cauchy sequence (u;) is defined
as for a given € >0, s > 0 and v1,vs,...,v,_1 € V, there exists kg € N such that
forall j, k > kg

d(v1,v2, ..., Up—1,Uj — U, 8) > 1—€ and Y(vi,v2, ..., Up—1,U; — Uk, S) < €.
3. MAIN RESULTS

In this section, we define A™ — [-convergent and A™ — I-Cauchy sequences on
IFnNS, we also establish some results related to the properties of these sequences.

Definition 15. Let (V,¢,1¢,0,0) is an IFnNS and I C P(N) is a non trivial
ideal. Let (uj) € V is said to be generalized difference I-convergent (i.e. A™ — I-
convergent) to ¢ € V' with respect to intuitionistic fuzzy n-norm (¢, ), if for every
€>0, s>0 and vy,va,...,v,_1 €V, the set

{j eN:o(v1,v2,...,00-1,A"u; —(,5) <1—€ or
P(v1,v2,. .., Up—1, Au; — (,8) > 6} el

Hence, We write it as I( ) — lim A™u; = (.
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Definition 16. Let (V, ¢, 1), e,0) is an IFnNS and I C P(N) is a non trivial ideal.
Let (u;) € V is said to be generalized difference I-Cauchy (i.e. A™ — I-Cauchy)
with respect to intuitionistic fuzzy n-norm (¢,), if for every e > 0, s > 0 and
V1,V2, ..., Un_1 €V, there exists a natural number N = N (e) such that the set

{j eN:o(v1,v2,...,0p-1,A"u; — AMupy,s) <1 —€or

PY(v1,v2, ..., Up—1, AMu; — AMuy, s) > 6} el

Lemma 17. Let (V,$,1,0,0) is an IFnNS and I C P(N) is a non trivial ideal.
u = (u;) is a sequence in V. Then for every e >0, s >0 and v1,v2,...,0p—1 €V,
the following are equivalent:

(1) Iy gy —limj o0 A™uj = (;

(2) {j €N:p(vi,v2,...,0n-1,A"u;—C(,8) <1—€} € I and {j € N: ¥(v1,v2,...,0n1,
AMu; —(,8) > e} €1;

(8) {j € N: ¢(v1,v2,...,0n-1,A"u; —(,s) > 1 —€ and ¢Y(v1,v2,...,0n—1, Au; —
¢ s) <eteF(I);

(4) {j € N:¢(vi,v2,...,0n-1,A"u; —(,8) > 1—€} € F(I) and {j € N: (v1,v2,...,
Un—1,A"u; —(,s) < €} € F(I);

(5) I-lim;o0 P(v1,v2,...,0n-1,A"u;—C(,8) =1 and I -lim;_ 00 Y(v1,v2,...,Vn_1,
A™uj; —(,s) =0.

Theorem 18. Let u = (u;) be a sequence in IFnNS (V, ¢, 1), e,0). If (u;) is gen-
eralized difference I—convergent with respect to intuitionistic fuzzy n-norm (¢, ),
then Iy gy — lim A™(uy;) is unique.

Proof. Let there are two different elements ¢; and (s such that (4 ) —lim A™(u;) =
Cr and I(y ) — lim A™(u;) = (o. For a given € > 0, choose v > 0 such that
(I—v)e(l—v)>1—cand yovy<e.

For s > 0 and vy,vs,...,v,_1 € V, we define
Ay = {jeN:d(vr,va,...,00-1,A"(u;) — (1,8) <1—7},
Ay = {jeN:Y(vi,va,...,0n-1,A™(u;) — (1, 8) > v},
As = {jeN:p(vi,va,...,00-1,A"(u;) — (2,5) <1—17},
Ay = {jeN:yY(vi,va,...,00-1,A"(u;) — (2,5) >~} and
A = (A1UA3)N (AU Ay)

Sets Ay, Ag, A3, Ay and A must belong to I as (u;) has two different generalized
difference I— limit with respect to intuitionistic fuzzy n-norm (¢,1) i.e. ¢ and
C2. Hence A¢ € F(I) then A€ is non empty. Let us say some k € A€ then either
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ke Alc ﬂAgc orke AQC ﬂA4C.
If k € AN A3° which implies that

s
¢<v1,v2,...,vn_1,Am(uk) — (1, 2) >1—~ and

S
¢(U17U25"'7vn17Am(uk) - C2, 2) >1 -

Hence

o(v1,v2,. .. 0n—1,(1 — (2,8)
> ¢><v1,v2,...vn,1,Am(uk)—C17§>0¢(017U27«~’0nflaﬁm(uk)—C27%)
> (1—-v)e(l—v)>1—c¢

As e > 0 was arbitrary hence ¢(v1,va,...0,-1,(1 — (2,t) =1 for all s > 0. So we
have (; = (3, which is a contradiction.
If k € Ay N A4° which implies that

S S
1/)<’01,U2, o Up 1, A (ug) (1, 2) < v and 1/1<Ul7027 o Up1, AT (ug) —Co, 2) <7

Hence

qp(vl,vg,...vn_hCl *C275)
< q/)(vl,vz, U1, A" (ug) — G, g) 01/}(1’1:“27 s vne1, AT (k) = G, %)
< oy <e

As € > 0 was arbitrary hence ¥(vi,ve,...v5-1,(1 — C2,s5) = 0 for all s > 0. So
we have (1 = (2, which is a contradiction. Hence (u;) has unique generalized
difference (4 4)— limit. [J

Theorem 19. Let u = (u;) be any sequence in IFnNS (V,$,1),e,0) such that

Proof. Given that (¢,v)—lim A™(u;) = ¢, hence for any € > 0, vy, v2,...v,—1 €V
and s > 0, we can find a natural number k£ € N in such a way that

d(v1,v2, ... Up_1, A" (uj)—(,s) < 1—e and ¥(v1,v2,... p—1, A" (uj)—(,s) > €
for all j > k.
Now let
K = {jeN:¢(vi,v2,...0n-1,A™(u;) —(,5) <1—¢€
or Y(v1,v,. .. 0n—1,A"(u;) — (,5) > €}

As K € {1,2,...,k — 1} and I is an admissible ideal so K € I. Hence I(4 ) —
lim A™(u;) =¢. O
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The converse of theorem 3.3 is not true in general.

up Uiz . . Ulp
U1 U2 . . Up
Example 20. Let V = R"™ with |uy,uz, ..., u,| = abs . S ,
Un1  Un2 . Upn
where u; = (W1, Wiz, - . -, Uin) € R™ for all 1 < i <mn, let for all a,b € [0, 1], t-norm
is defined as a b = ab and t-co-norm is defined as aob = min{a+b,1},
s |ut, ug,y ..o, un|
b EARE R ] b = d b EARR R ) b =
lun, uz Un, ) s+ |ut,uz,. .., un and y(u1, uy Un, ) S+ |ur, ug, ...y Un|

Then (R™, ¢, 1, 8,0) forms an intuitionistic fuzzy n-normed space.

Suppose I = {A C N : 6(A) = 0}, where 6(A) is the natural density of the
set A in N which is defined as §(A) = lim, 0o = 1", Xa(i), where x4 is the
characteristic function on A, hence I is a non-trivial admissible ideal.

Now let us define a sequnece uw = (u;) where

N (i,0,...,0) € R*, ifi=Fk? (k€N)
L (0,0,...,0) e R, otherwise.
For m = 2, we have
(,0,...,0) € R", ifi=k*k?>—-2, (k€N)
A%u; = {(=24,0,..,0)eR”, ifi=k*—1, (keN)
(0,0,...,0) € R, otherwise.
Now for any € >0, s >0 and v1,va,...,0,—1 € V, we define

K(e,s) ={i € N: ¢(v1,v2,...,0,1,A%4,8) <1 —¢€ or
V(v1, v, .. Vp_1, A%y, 5) > €}

then
K{(e, s) {'EN ° <1
&5)=3" : <l-cor
7 s+ |v1,v2, ey vn—1, A2uy|
‘Ul’v%"-avn—laA2ui| 26}
$+‘U1,’U2,...,’Un_1,A2ui|
Therefore
. 2 €S
K(e,s) = qie€N:|v,ve,...,0p-1,A Ui|217—6>0

N

{i e N: A%u; = (i,0,...,0) e R"} U {i € N: A?u; = (—2i,0,...,0) € R"}
= {ieN:i=k}u{ieN:i=k -2}u{ieN:i=k* -1},
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where k € N. Hence §(K (¢, s)) = 0, which implies that K(¢,s) € I. Hence I (4 ) —
lim A2(u;) = 0. On the other hand, A%(u;) is not convergent with respect to the
intuitionistic fuzzy n-norm (¢,v) as A%(u;) is not convergent in (R™,|.|).

Theorem 21. Let v = (u;) and w = (w;) be any two sequences in IFnNS
(V,¢,1,0,0) such that 14y — lim Am( uj) = G and Iy ) —lim A™(w;) = ¢
then

(1) I(pp) —tim A™(u; +w;) = G + G2
(2) For any real number o, I () —lim A™(au;) = ad;.

Proof. (1) For any € > 0, we may find v > 0 such that (1—~v)e(1—~) >1—¢

and voy < e. For s >0 and vy1,va,...,v,-1 € V, we define
P = {jeN:¢(vi,va, ... vn1,A™(uy) — 417 5) <1—7},
P, = {jeN:9(vi,va,...05-1,A™(u;) —(1,8) > 7},
Py = {jeN:¢(vi,va,... 001, A" (w;) — C27s)§1—fy},
Py = {jeN:¢(vi,va,...0n-1,A™(w;) — (2,5) > v} and
P = (PLUP)N(PUPR).

Sets Pi, P, P3, Py and P must belong to I as I(g ) —lim A™(u;) = ¢ and I (4 ) —
lim A™(w;) = (2. Hence P¢ € F(I) then P¢ is non empty. Now we show that

P¢ C {jGN:¢(U1aU27-~-Un—17Am(uj +wj)_(<1+<2)75)>1_6
and 1/’(“17712, <o Un—1, Am(uj + wj) - (Cl + C2)7S) < 6}
To show this we let k € P°. So we have,

(]5(’01,1)2, co o Un—1, Am(uk) - Clv %) >1-— v, QS(vlvav vy Un—1, Am(wk) - C27 %) >
L=, Y(v1,v2, . vpo1, A™(ug) — €1, 5) <7 and (v, v2,... vp—1, A (wy) —
C2a %) <7.

Hence,

P(v1, 02, . V1, A" (U + wi) — (C1 + C2), 8)
> (01,02, U1, A™(ug) — (1, g) o 3(v1, V2, Up_1, AT (wy) — Ca, §>
> (1=v)e(l—-7)

> 1—¢€
and
P(vr, v, .. Vp—1, A" (ug + wi) — (G + C2), 8)
< P(v1,v9, .. vp_1, A (ug) — (1, g) o (v, va, ... U1, AT (wg) — (o, ;)

< yor
< €
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which implies that
P¢ C {jeN:¢(’Ulav2a-~-vn—1aAm(uj+wj)_(C1+C2)75)>1_6

and ¥(v1,v2,... Up—1, A" (uj +w;) — (1 + (2),8) < €}
As P¢ € F(I), then P € I which implies that I(y ) —lim A™ (u; +w;) = (1 + Ca.

(2) If & = 0 then for any € > 0, v1,va,...v,—1 € V and s > 0, there exists ng =1
in such a way that

d(v1,v2, ... U1, AT (0u;) — (061),8) = P(v1,v2,...05p-1,0,8) =1>1—-7
and

(v, v2,. .. V1, AT (0u;) — (0¢1),s) = ¥(v1,v2,...0,-1,0,8) =0 < 8

for each j > ng which implies that (¢,v) —lim A™(Ou;) = 6. Hence by Theorem

If a(# 0) € R. To prove the result, we will show that for any € > 0, v1, vo,...v,—1 €
V and s > 0, the set

{7 €N:p(v1,v2,... 01, A" (ou;) — (al1),5) > 1 — €
and ¥(v1,v2,...vp—1, A" (au;) — (alr),s) < e} € F(I),
for any a(# 0) € R.

As we have given that (4 ,) — lim A™(u;) = (1 so we have for any ¢ > 0,
V1,V2,...0p_1 € V and s > 0, the set

K = {j eN: ¢(U1a1}27 .- 'Un—17Am(uj) - Cl,s) >1—¢€
and ¥(v1,v2,... Up—1, A" (uj) — C1,5) < e} € F(I).

Choose any k € K, hence we have ¢(vy,va, ... 051, A™(ug) — (1,8) > 1 —€ and
Y(v1,v2,. .. Vp—1, A"™(ug) — (1, 8) < €. Now,

Qb(’l)l,’l)g, ce e Un—1, Am(auk) - (0141), 8)

= ¢(017U27...’l}n_17Am(Uk)<1,2|>

s
> ¢(v1,v2,. .. V1, A (ug) — (1, 5) ® @(v1,v2,. .. V51,0, o] ~ s)

|
)
(b(vlvau'-'vnfluAm(uk) _Clas).l
= ¢(v1,v9, .. Vpo1, A" (ug) — (1,8) > 1 —€
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and,
(v, 02, Vp—1, A" (uy) — (aly), )

= ¢<U1702’---Un—1’Am(Ulc)—Cl,Z|>
(0
0

V1, Vg, . ..’Un_l,Am(uk) — Cl,S <
U1

|

o( )
1/}( ,vg,...vn_l,Am(uk)—§1,5)<>
= w(/UI;UQP"Un—lyAm(uk)_<las) <e€

which implies that
ke{jeN:d(vi,ve,...vn-1,AT(au;) — (ar),s) > 1—€
and ¥ (v1,ve, ... U1, A" (au;) — (1), s) < €}.
Hence
K C{jeN:¢(vy,vs,...0p—1,A"(au;) — (al1),8) >1—¢
and ¥(v1,v2,...Up—1, A" (au;) — (alr),s) < €}
Since K € F(I), hence the set
{j eN:¢(v1,v2,... 051, A" (au;) — (al1),s) > 1 —¢
and ¥ (v1,ve, ... vp—1, A" (au;) — (al1),s) < e} € F(I)
which implies that I(y ») —lim A™(az;) = al;. O

Theorem 22. Letu = (u;) be any sequence in IFnNS (V, ¢, 1, *,0) such that (u;)
is A — I (4 y-convergent if and only if sequence (uj) is A™ — I (4 )-Cauchy.

Proof. In V, let (uj;) is A™ — I(4 4)-convergent sequence to ¢, then for any given
e > 0, we can choose 0 < v < 1 in such a way that (1 —~)e (1 —~) >1—¢€ and
v ¢y < €. Then for any s > 0 and vy, v9,...v,—1 € V, we define

Q1 = {j6N1¢(01702,~-~Un71,Am(Uj)*C,g) <1—-79},
Q: = {JEN: Y@ v 001, A% () =, 5) = 7} and
Q = (Q1UQ2)

Sets @1, Q2 and Q must belong to I as I(4 ) —lim A™(u;) = . Hence Q° € F(I)
then Q€ is non empty. Let if £ € Q°, choose a fixed j € Q°. So we have,

¢(’U1,’02, .- Up—1, Am(uj) — Am(’U/k), S)
d(vi,v2, .. V1, AT (uj) — ¢, ;) o H(v1,v2,. .. U1, A (ug) =, ;)

(I-=7)e(l—19)
> 1—c¢

vV

V
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and

P(v1,v2, ... U1, A (uj) — A" (ug), 5)

S S
S 1[)(’01,1)2, co . Un—1, Am(uj) - Ca 5) 01/1(01,7)27 co o Un—1, Am(uk) - C? 5)
< 7o
< €
Hence,

{j eN:o(v1,va,...05-1, AT (u;) — A™(ug),s) >1—¢
and ¥(v1, vz, ... vp—1, A" (uj) — A" (uk), s) < e} € F(I).

Which implies that sequence (u;) is A™ — I4 )-Cauchy.

Conversely, suppose sequence (u;) is A™ — I (4 4)-Cauchy but it is not A™ — Iy -
convergent sequence. Then for any € € (0,1), s > 0 and vy, v2,...0,—1 € V, the
set

A= {j eN:p(v1,v9,...,00-1,A"u; —(,8) >1—€ or
P(v1,v2, ..., Up—1, ATy — (,5) < e}

belongs to I. Therefore, A¢ € F(I).
Simultaneously, there exists a k = k(¢) € N such that the set

B={jeN:¢(vi,va,...05-1, A™(u;) — A" (ug),s) <1—e¢
or Y(v1,va,. .. Up—1, AT (uj) — A™(uy),s) > €} € I.

Consequently,
A1, V3, - Vn1, A (ug) =A™ (uy), 5) > 26(v1, va, -+ Up_1, A —C, g) >1-c
and
B(v1, V2, - U1, A () — A (ug), 8) < 20(v1, v, -+ Vn1, AU —C, g) <e

if p(v1,v2, .., U1, AMu; —(, 5) > 156 and ¥ (v1,va, ..., 0n—1, AMu; —(, 5) < 5,

respectively. Therefore B¢ € I or B € F(I). Which is a contradiction. [

4. A™ — I*-CONVERGENCE IN IFnNS

Definition 23. A sequence (u;) in IFnNS (V,¢,1,e,0) is said to be A™ — I*-
convergent to ¢ € V with respect to the intuitionistic fuzzy n-norm (¢,1) if there
exists a set M = {j; € N : j; < jix1, for alli € N} in such a way that M € F(I)

and (¢,v) —lim A™u;, = (. In this case, we say I@,w) —lim A™u; = (.
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Definition 24. [15] An admissible ideal I is said to satisfy the condition (AP) if
for every countable family of mutually disjoint sets {Cy,Cs, ...} belonging to I,
there exists a countable family {D1, Da,...} in I such that Cy ADy is a finite
set for each k € N and D = U2 Dy, € I; where A is the symmetric difference.

Theorem 25. Let I be an admissible ideal and a sequence (u;) in IFnNS
(V, ¢, 1, %,0) is such that I{W/)) —lim A™u; = ¢ then Iy ) —lim A™u; = (.

Proof. Since I(tb,w) —lim A™u; = ( so there exists a subset M = {j; € N: j; <
Jit1, for all i € N} such that M € F(I) and (¢,%) —lim A™u;, = (. Hence for
each € > 0, s > 0 and v1,v2,...v,—1 € V, there exists [ € N in such a way that

d(v1,v2, ... U1, A (uj,)—C, ) > 1—€ and (v, v2, ... vn—1, AT (u;,)—(,8) <€

for all 4 > [. As the set

{ji€ A:p(v1,v2,... 051, A" (u;;) = (,5) < 1—e€
or Y(v1,va,... 01, A" (uj,) — ¢, 8) > €}

is contained in {41, j2, .-s J1—1}-
Hence

{ji € M : p(v1,v2,. .. vp—1, A" (uy,) = (,8) <1 —¢
or Y(vi,va, ... U1, A" (uj,) —(,5) > €t €1

As I is an admissible ideal. Also M € F(I), then by the definition of F(I) there
exists a set B € I such that M =N\ B. So

{j eN:p(v1,v9,... 051, A" (u;) —(,5) <1 —€
or ¥(v1,va,...0n—1,A"(u;) — (,s) > €}
C BU{j1,72, - Ji-1}-
Therefore,
{j eN:p(v1,v9,...05-1,A"(u;) —(,5) <1 —€
or Y(vi,ve,... Up—1,A"(uj) — (,s) > et €1
which implies that I(4 ) — lim A™u; =¢. O

Remark 3.2. The converse of the above theorem does not hold in general.

Uiz U2 - - Ulp

U2y U2 . . Uz2p
Example 26. Let V =R" and |uy,us,. .., u,| = abs . e ,

Unpl Un2 - Upn
where u; = (Ui1, Wi, - . -, Uin) € R™ for all 1 < i < n, let for all a,b € [0,1], t-norm
is defined as a b = ab and t-co-norm is defined as aob = min{a +b,1},

s |wt, ug,y ..o, un|
UL, U2y v v vy Un, §) = and Y(ui,uz,...,Un,S) =

olus, uz ) S+ |ur, uz, ..y U Wlun,uz ) S+ |ur, ug, ..., Un|
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Then (R™, ¢,1,e,0) is an IFnNS.

Now we take a decomposition of N as N = UA;, where every A; is an infinite set and
AiNAj =@, fori # j. Suppose I = {N C N: N C Uj_, A;, for some finite natural
number s} then I is a non-trivial admissible ideal.

Now we define a sequence (uj) in such a way that

ifj € Ai, A™(u;) = (3,0,...,0) € R", (j =1,2,...). Then fors >0 andvi,va,...vn1 €
R™,

s
V1, V2, ... Un—1,Auj, 8) = —1
o, va, n-1, A, ) s+ |v1,v2, ... U1, Aujl

|'U17'U27 .. ~'Un—17Auj|

and ¥ (v1,v2, ... Un—1,Auj, s) = — 0, as j — oo.

S+ |v1,v2, ... Un—1, Auj|
Hence I(4,4) —lim Au; = 0.

Let on contrary that I&,’w) —lim Awu; = 0, then there exists B = {k; € N : k; <
kit1, for all i € N} such that B € F(I) and (¢,¢)—lim A(ux,) =0. As B € F(I), there
exists C = N\ B and C € I. Then there exists a natural numer r such that C C Uj_ A;.
Then A,41 C B, so we have

1

0,...,0) € R", for infinitely many values of k; in B.
Which is a contradiction. Therefore, I@,w) —lim Awuj; #0.

Theorem 27. Letu = (u;) be a sequence in IFnNS (V, ¢,), ®,0) such that Iy ,)—
lim; oo A™u; = ¢ and ideal I satisfies condition (AP). Then
IE;J/") — llm]*)oo Amuj = C
Proof. As I(.) — limj_oc A™u; = (. Then for each € >0, s > 0 and vy, va, ...
vn_1 € V, we have
{j eN:p(v1,v9,...05-1,A"(u;) —(,5) <1 —€

or Y(vi,va,...Un—1,A"(u;) —(,5) > e} €1

For k € N and s > 0, we define

1
kE+1

< P(v1,v2,. .. Up—1, A" (1) — (,5) <

1
Ak:{jENll—E S¢(v1,U2,...Un,1,Am(UJ)—C,S) <1

1
E+1 }

Now, it can be easily seen that a countable family of mutually disjoint sets
{C1,C5,...} belongs to I and therefore by property (AP) there is a countable
family of sets {Dj, Da,...} in I in such a way that C;AD; is a finite set for each
i€ Nand D =U$2,D;. Since D € I so by definition of associate filter F(I) there
is set K € F(I) such that K = N\ D. Now, to show the theorem, it is suffi-
cient to show that the subsequence (u;)jen € K is ordinary convergent to with

or

| =
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respect to the intuitionistic fuzzy n-norm (¢,4). For this, let n > 0, s > 0 and
v1,Va,...0,—1 € V. Choose a positive integer ¢ such that % < 7. Then we have

{J eN:p(v1,v9,...0h-1,A"(u;) = (,5) <1—1
or Y(vi,va,. .. U1, A™(u;) — ¢, s) > n}

1
C {j e N:¢p(v1,v2,...0p—1, A" (u;) — (,5) <1 — g
Since C;AD; is a finite set for each i = 1,2,...¢+ 1, there exists a natural number
jo such that

(WD) N{jeN:j>jo} = U A)YN{j eN:j>jo}.

If j > jo and j € K, then 5 ¢ D. This implies that j € U;’;lDZ— and therefore
j ¢ U1 ;. Hence for every j > jo and j € K, we have

or Y(vi,va, ... U1, A™(u;) = ¢, s) >

SE N

cuitic

d(v1,v2, .. Up—1, AT (uj)—C, ) > 1—n and ¥(vi, va, ... U1, AT (u;)—(,8) <1

As this holds for every > 0, s > 0 and vy,v9,...v,_1 € V, so IE‘¢¢) —
1imj*>m Amu]' = C (|

5. CONCLUSIONS AND SUGGESTIONS

The main aim of this paper is to investigate the behaviour of generalized differ-
ence ideal convergent sequence and generalized difference ideal Cauchy sequence
in intuitionistic fuzzy n-normed space. Furthermore, article also presents A™ — I'*
convergence. A parallel has been drawn between the concepts of I and I* gen-
eralized difference convergent sequences. This novel study and its results bring
forward various new methods to tackle convergence problems of sequences arising
in various areas of science and technology.
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