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1 Introduction and definitions

Fuzzy set theory began with the work of Zadeh [21] in 1965 as an alternative approach to the
decision making problems in engineering. Since then, many researchers have been interested in
this new subject and many of them have tried to establish whether analogues of classical theories
are true or not in the fuzzy case.

In the last two decades, fuzzy logic finds application in different areas of science such as non-
linear dynamic system [10], control of chaos [8], quantum physics [14], etc. It has also many
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applications in different brances of mathematics; metric and topological spaces ([2, 6, 9, 11]) and
approximation theory [18], etc.

The notation of statistical convergence of real valued sequences is first defined by Fast and
Steinhaus in 1951 [7] and [20].

Let K be a subset of the set of positive natural numbers N and let K(n) denote the set
{k < n, ke K} =[0,n] N K. Asymptotic (or natural) density of the subset K is defined
by

)(K) = lim 1 | K (n)|

n—oo N,

(if this limit exists), where | K'(n)| denotes the cardinality of the set K (n).

Definition 1. /7] A number sequence x = (xy,) is said to be statistically convergent to the number
L if for each € > O we have

S(K) = lim S| {k < n: k€ K}|.
n n

Remark 1. We remark that every convergent sequence is statistically (1(S)) convergent, but not

conversely.

In 1932, R. P. Agnew [1] defined the deferred Cesaro mean D, , of a sequence = = (x,,) by

R
p.ql)n = — Ty
)=o) 2= |

where {p(n)}, and {q(n)},, are sequences of positive natural numbers under which
p(n) < q(n) and g(n) — oo. (D
Definition 2. A sequence v = (x,,) is called

1. deferred Cesaro convergence to L if

2. strongly deferred Cesaro convergence to L if

1 q(n)
T, 2 [
We denote lim,, ., x,, = [(DS[p, q]).
Let K be an arbitrary subset of N and
Kyg(n) = {p(n) < k < q(n), k € K}
be an associated set of K for the arbitrary sequences p(n) and ¢(n) satisfying (1).

65



Definition 3. [13] Let K be an arbitrary subset of N. If the following limit

1
Opo(K)=lim ——|K, ,(n
PAJ( ) N—so0 q(n) _p(n)| P#]( )|
exists, then 0, ,(K) is called deferred density of the subset K.

Definition 4. A sequence © = (xy) is said to be deferred statistically convergent to | € R if for
every ¢ > (),

1
lim ———|[{k.p(n) < k < q(n) : |zx—1| > e} = 0.
lim k() < £ < () = 1] > ¢}
It is denoted by lim,,_,, x,, = l(D]p, q]).

The theory of intuitionistic fuzzy sets was introduced by Atanassov in [3, 4] as a general-
ization of fuzzy sets theory, and it has been extensively used in decision-making problems. The
concept of intuitionistic fuzzy metric space was introduced in [18]. Also, in [18] and [15], defi-
nition of intuitionistic fuzzy normed space has been given.

Definition 5. [19] A triangular norm (t-norm) is a continuous mapping * : [0,1] x [0,1] —
0, 1], such that (S, *) is an Abelian monoid with unit one and c xd < axbifc < aand d < b,
foralla, b, ¢, d € [0,1].

Definition 6. [19] A binary operation < : [0,1] x [0,1] — [0, 1], is said to be a continuous

t-conorm if it satisfies the following conditions:
1. ¢ is associative and commutative,
2. < is continuous,
3. a00=aq,foralla€[0,1],
4. cod<aobifc<aandd <b, foralla, b ¢, d e [0,1].

Using the continuous t-norm and t-conorm, Saadati and Park [18] have recently introduced
the concept of intuitionistic fuzzy normed space, as follows.

Definition 7. The five-tuple (X, i1, v, *,©) is said to be an intuitionistic fuzzy normed space (for
short, IFNS) if X is a vector space, x is a continuous t-norm, < is a continuous t-conorm, and i, V
are fuzzy sets on X x (0, 1) satisfying the following conditions for every x, y € X, and s, t > 0:

1w, t) +v(x,t) <1,

2. u(x,t) >0,

3. w(z,t) =1ifand only if x = 0,

4. plaz,t) = p(z, |;—‘), for each o # 0,

5. p(x,t)* pu(y,s) < plx +y,s+1)

66



6. u(zx,.): (0,00) — [0, 1] is continuous,
7. limy o0 gz, 1) = 1 and limy_o p(z,t) = 0,
8. v(x,t) <1,
9. v(ax,t) =v(x, L), foreach o # 0,
10. v(z,t)ov(y,s) >v(zx+y,s+1),
11. limy_,o, v(z,t) = 0 and limy_,qv(z,t) = 1.
In this case (u,v) is called an intuitionistic fuzzy norm.

Example. Let (X, ||.||) be a normed space. If we take a x b := a A b, aob := aV b and
]

t+[l«]

po(x,t) == and vo(x,t) == for every x € X. So, (X, 1o, 1o, *,©) is an IFNS.

t+ [l

Definition 8. Ler (X, i, v, %,0) be an IFNS. Then, a sequence © = (xy,) is said to be convergent
to |l € X with respect to the intuitionistic fuzzy norm (u,v) if for all e € (0,1) and t > 0, there
exists ng € N such that

pley —1Lt) >1—cand vz —1,t) < ¢ (2)

hold for all k > ko. We denote (u,v) —limz = [ or xy, Gy,

Let us denote 1 — u(x, t) by fi(x, t). Hence, the first part of (2) in Definition 8 can be restated
as follows:
ﬂ(l‘k -1, t) <é€

We are going to use this notation in the proofs of some theorems only for simplicity.

Definition 9. Let (X, i, v, *,0) be an IFNS and (xy) be a sequence of X. It is said that (xy) is a
Cauchy sequence if for all € € (0,1) and t > 0 there is ng € N, such that pu(xy — x,,t) >1—¢
and v(xy — x,,t) < € hold for all k, n > ny,.

Definition 10. Ler (X, p, v, x,0) be an IFNS and () be a sequence of X. It is said that (xy,)
is a bounded sequence if there exists a positive real number M such that ji(x,t) > 1 — M and
v(xg,t) < M hold for all k € N.

Definition 11. Let (X, i, v, %, ) be an IFSN. Then a sequence x = (xy,) is said to be statistically
convergent to | € X with respect to the intuitionistic fuzzy norm (p,v) if every ¢ € (0,1) and
t>0,

d(keN:pulz,—1Ut)<1l—corv(z,—1,t)>¢e)=0.

Or equivently
dkeN:pulzy—10t)>1—corv(zy —1,t) <e)=1.

In this case, we write
zr — 1(S(p, v)).
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In the paper [12], the statistical convergence of sequences in IFNS is studied. Laterin [16, 17],
lacunary statistical convergence and A-statistical convergence of sequences in IFNS are defined
and some interesting results are given, respectively.

The main aim of this paper is to define deferred statistical convergence of sequence in IFNS
and to give a generalized version of the results from [12, 17, 16] and some others.

Definition 12. Let (X, j1, v, *,0) be an IFSN and x = () be a sequence of X. Then the sequence
x = (xy) is said to be D, ,-convergent to | with respect to the intuitionistic fuzzy norm (i, v) and
is denoted by xj, — 1(S(u,v)) if for every e € (0,1) and t > 0, there exists ny € N such that

(n) q(n)
1 . 1
—— E plzy —1,t) >1—¢cand ——— E vz, —1t)<e
q(n) —p(n), 4= | q(n) —p(n), 4= |

hold for all n > ny.

Definition 13. Ler (X, u, v, *,©) be an IFSN and (xy) be a sequence of X. Then, the sequence
x = (xy) is said to be deferred statistically convergent to [, if for all ¢ € (0,1) and t > 0,

Ok e N:p(ry —1t) <1 —corv(mg —1,t) >¢) =0

Or equivently
Gk e N:p(ry —1t) >1—corv(m —1,t) <eg) =1

In this case, we write
zp — U(DIS(p,v)).

Remark 2. It is clear that,
(a) If ¢q(n) = n and p(n) = n — 1, then Definition 13 coincides with the Definition 9,
(b) If q(n) = n and p(n) = 0, then Definition 13 coincides with the Definition 11 given in [12],

(c) If q(n) = k,, and p(n) = k,_1 (for any lacunary sequence of non-negative integers with
ky, — k,_1 — 00 as n — 00), then Definition 13 turns to lacunary statistical convergence
in IFNS, givenin [17],

(d) If q(n) = A\, and p(n) = n— A\, (where \, is a non-decreasing sequence of positive natural
numbers denting to oo such that A\, 1 < A\, +1, A\; = 0), then Definition 13 coincides with
the definition in [16],

(e) If q(n) = A, and p(n) = 0 (where X\, is a strictly increasing sequence of positive natural
numbers), then Definition 13 turned to \-statistical convergence in IFNS (But this type of

convergence in IFNS has not been investigated until today).
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2 DiS(p,v)-convergence in IFNS

Some work related to the convergence of sequences in several normed linear spaces in a fuzzy
setting can be found in [5]. In this part, we are going to give the main results about DS (u, v).

Theorem 1. Let (X, j1, v, %, ) be an IFNS, (x1) be a sequence of X. Then, xj, — [(ju,v), implies
L))

Proof. For every € € (0,1) and t > 0, there exists a number ky € N such that
(e —1Lt) >1—candv(z, — [,t) <e 3)

hold for all £ > k. If the inequalities in (3) are assumed from p(n)+1 to ¢(n), then the following
inequality is obtained:

q(n) q(n)
S e —18) > (- )(gn) - p) and Y vl — L1) < =(g(n) — p(n)). &)
p(n)+1 p(n)+1
If both sides of (4) are divided by (¢(n) — p(n)), then the desired result is obtained. O

Theorem 2. Let (X, i, v, *,0) be an IFNS, (xy,) be a sequence of X. Then, xy, — l(u,v) implies
vx M2 U(DIS (1, v)).

Proof. By hypothesis, for every ¢ € (0,1) and ¢t > 0 there exists a number kg € N such that
w(xg —1t) > 1 —ecand v(zg — [,t) < € hold for all & > k.
This guarantees that the cardinality of the set

{keN: ulxp—1t) <1—corv(z, —1,t) > ¢}
is finite. So, immediately we see that
Gk eN : plxp —1t) <1 —corv(m —1,t) >e}) =0
This gives the proof. [

Remark 3. The converse of Theorem 2 is not true, in general.

In this case, let us consider (R, p, v, *, ©) and

1, k=m? meN

0, otherwise.
For any € > 0 and ¢ > 0, consider the following set:

Kl(e,t) ={p(n) + 1 <k <q(n) : polzx —1,t) <1 —coruvy(zy —1,t) > e}
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It is clear that

:{p(n)+1§k§q(n) : k:mQ,mEN}

and we have
§U(K3(e, 1)) < lim Y an) = vp(n) _
noo q(n) —p(n)
The last inequality gives that x,, — 0(DgS(j0,v0)). But by Lemma 4.10 in [18], the sequence

(x,,) is not (o, o) convergent to zero because it is not convergent to zero in (R, | . |).
From Definition 13, we can give following results without proof:

Lemma 1. Let (X, pu,v,%,0) be an IFNS. Then, for all ¢ € (0,1) and t > 0, the following

statements are equivalent:
(i) 1 2 1(DIS(, v)),
(i) 05({k €N : p(zy —1t) <1—e}) =01({k €N : v(y—1,t) > e}) =0,
(iii) $1({k €N : iy —1,t) >e}) = 08({k €N : v(wy—1,1) >e}) =0,
(iv) 61({k €N : jilwy —1,t) <e}) = 9({k €N : v(wy—1t) <e}) =1,
(v) iz, — 1,t) = 0(D4S) and v(xy — 1,t) — 0(DLS).

Theorem 3. Let (X, j1,v,%,0) be an IFNS, () be a sequence of X. Then, the D1S(u,v) limit
of (z,,) is unique.

Proof. Let us assume that x,, — 11 (D3S(p,v)) and z,, — lo(DS(p, v)). For an arbitrary € > 0,
let us choose < 0 such that (1 —7) % (1 —7) > 1 —ec and r o7 < e. Then, from the assumption
for every t > 0, we have

0P (Kpua(e,t)) = 01(K,1(e,t)) = 0 and 67 (K, 2(g, 1)) = 01(K,2(g, 1)) = 0,

where
K,1(e,t) :={p(n) <k <q(n) : pley—1,t) <1—¢},
K, o(e,t) :={p(n) <k <qn) : pley—Ist) <1—c}
and
K,i(e,t) :={pn) <k <q(n) : vixg —11,t) > e},
K,s(e,t) :={p(n) <k <q(n) : vizg —ls,t) > c}.

If we denote the set
Kw(g, t) = {Ku’l(g, t)U KH’Q(ﬁ, O} N{K,1(e,t) U K, 2(e,t)},
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then it is enough to show that §7(K,, ,(¢,t)) = 0, which implies that 6{(N — K, ,(¢,t)) = 1.
Now, let k € N — K, , (e, ), then there are two cases:

ke N—{Ku(e,t)UKua(e, ) ork € N — {K,1(c,t) UKy a(e, ).

Firstly, assume that k € N — {K, 1 (e,t) U K, 2(¢, t) }. From Definition 7-(e), we have

t t
M(ll—lg,t) 2M<$k—l1,§)*u($k—l2,§) > (1—7’)*(1—7’)

and
/L(ll — lQ,t) >1—c¢ 5

holds. Since ¢ is arbitrary in (5), then p(l; —l5) > 1 holds. Hence, from Definition 7-(c) it follows
that [ = [s.

Secondly, assume that k € N — {K,1(¢,t) U K, 2(e,t)}. From the assumption and Definition
7-(k), we have

v(ly —la,t) < v(xg — 1, %) o (g — la, %) <ror.

By using the factr o r < ¢,
l/(ll — lg,t) <e€ (6)

is obtained. Since ¢ is arbitrary in (6), then [y = [, is obtained. Therefore, the limit of the
sequence is unique. ]

Theorem 4. Let (X, j1, v, %,¢) be an IFNS and (x,,) be a sequence of X. If a sequence (x,,) is
D2S(p, v)-convergent, then it is DIS(u, v)-Cauchy sequence in IFNS.

Proof. Assume that the sequence (1,,) is D{S(u,v)-convergent to [ € X. Let us choose s > 0
sothat (1 —¢) % (1 —¢) >1—sandeoe < s hold for any ¢ > 0. Then, for any ¢ > 0, we have

t t
q : _ 2l <1 —1.2) > =
(5p<{k‘€N u(xk l,t,2>_1 sorl/(xk 1,2)_5}) 0

and this implies that

t t
6g<{k€N : u(xk—l,t,§> >1—€0ru(:ck—l,§) <5}>:0

t t
Letm € {k: eN:pu (xk —1I,t, 5) >1—corv (:pk —1, 5) < 5} be an arbitrary element.

t t
Let us denote B(e,t) := {k: eN: u (xk — T, L, 5) <l—-corv (xk —xm,ﬁ) > 5}. It is

enough to show that

t t
B(s,t)C{k:EN : ,u(xk—l,t,ﬁ) gl—sorl/(xk—l,é) 25}.
t t
LetkeB(g,t)—{keN : u(xk—l,t,i) gl—sory(xk—l,§> 25}.
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t t
Then, we have p(x—x,,,t) < 1—eand p(zr—I, 5) < 1—¢, in particular p(z,,—, 5) > 1—e¢.
Hence,

t t
1—SZN(Ik_fEmat)Zﬂ(xk—lyi)*ﬂ(xm—l:§)>(1_5)*(1_5)>1_5>

t
which is not possible. On the other hand, v(xy — x,,,t) > s and v(z; — [, 5) < &, in particular

t
V(T — L, 5) < e. Then,

t t
s> v(xp — T, t) < V(xk—l,§)*y(xm—l,§) <eoe) < s,

which is not possible. This proves our claim.

O
Theorem 5. Let (X, p,v,*,0) be an IFNS and (xy) be a sequence of X. Then, (x,) —
I(DgS(p,v)) if and only if there exists a set K = {j; : i € N} C N such that 03(K) = 1
and (Ty)nerx — L(p, V).

Proof. Necessity part: Assume that (z,) — [(DIS(u,v)). Denote the following sets for any
t>0ands=1,2,....

1 1
M(s,t) = {p(n) +1<k<gqn): ple,—10,t)>1——andv(z, —,t) < —}
s s

b

and

1
Kl(s,t) = {p(n) +1<k<gqn) : ple,—1t) <1-— B and v(zp — 1, t) >

W | =

Then, §%(K/(s,t)) = 0 holds because of () — I(DgS (1, v). Hence, we have
Ml(s,t) D M!(s+1,t)

and
5;(Mg(s,t)) =1 (7N

forany ¢t > 0 and s = 1, 2, .... The last step of the proof of this part is to show for n € M](s,?)
(2n) = 1, v).

Suppose that this is not true, i.e., (x,) - [(u, ). From this assumption, there is o > 0 and a
positive natural number k( such that for all & > k,

ey —0L,t) <1l—a or v(z, —1,t) >«

holds. It means that j(xy — I,t) > 1 — aor v(xy — I, t) < a holds for all k& < kg. Therefore, we
have
53(% eN: plxpg—1Ut)>1—aorv(zy—1,t) <a})=0.

1
Since o > > then 6{(MJ(s,t)) = 0. This is a contradiction of z,, — I(DZS(u, v).
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Sufficiency part: Let K = {k; : j € N} C Nsuch that 0{(K) = 1 and zy; — I(i1, ). Hence,
there exists k;, € N such that for all « > 0 and ¢t > 0,

oy, —1t) > 1 —a or vz, —1,t) <a
holds for all k; > k;,. Also, a simple calculation gives that the following inclusion
{keN: plaxp—1t)<1l—oa or vizg,—1,t) >a} CN—{kj, kjy+1,kj,+2,...}
holds. So, we have
Gk eN : p(xy —1,t) <1—a or vz —1,t) > a})
< OI(N) = 61 ({Kjy, kjo + 1, Ky +2,...}).
This inequality completes the proof of the theorem. Hence, (,,) — (DS (1, v). O

By the proof of Theorem 5, the following result can be given for Cauchy sequences in IFNS:

Theorem 6. Let (X, i, v,%,0) be an IFNS and (xy) be a sequence of X. Then, (x,) is a
DISC(u,v) Cauchy sequence if and only if there exists a set K = {j; : i € N} C N such
that 63(K) = 1 and (v)nex is DEC (11, v).

3 Comparison of D!(,v) and D1S(u, v)

In this section we deal with the relation between D{(x, v) and DZS(p, v) in an intuitionistic fuzzy
normed space.

Theorem 7. Let (X, j1, v, %, ©) be an IFNS and (x}) be a sequence of X. Then, ), — 1(D1(p,v)),
implies xy, — [(D3S (1, v)).

Proof. Assume zj, — [(D1S(p,v)). That is; for any ¢ > 0 and ¢ > 0, there exists ng € N such
that

1 "z(”:) 1 %)
_ i(ry — 1, t) <e and ———— vizg —1t) <e
a0 — (0] 2. )~ o) 2,

are satisfied for all n > ny. From the simple calculation we have following facts:

q(n) -
s MO ISR a) =l =,
= )~ o
1 o) {p(n) +1<k<q(n) : viex—Lt) >}
g(n) — p(n) vax = bt) 2 g(n) — p(n) =5

As a consequence of x, — [(Dg(u,v)) and the above inequalities, we have 6(A%(n)) = 0 and
62(Bi(n)) = 0. Therefore,

F{n © (wy —1,t) > € or vz —1,t) > e} =0.

It means that 2, — [(D2S(u, v)). O
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Remark 4. The converse of Theorem 7 is not true, in general.

For to see this, let us consider the space (R, p, 14, *, <) and the sequence = = (z},) as follows:

. [Vam| —mo <k < [VaW)], n=12...
Tl = ,
0, otherwise
where ¢(n) is a monotone increasing sequence of positive integers and my is a fixed positive

natural number. If we consider Dj for the sequence p(n) satisfying

0<pn) < [ q(n)] — my,

then we have

m\ﬁ?(”) +1<k<qn), polze,t)>1—c or vo(ay,t) >} =
1 te mo
:m\{p(”)+1SKSQ( n), Janl > T} = -,

which implies that x5, — (DS (u,v)). Also, the following inequality

o 2 vt = o
dtn) =) 2 D= G ) 2 e

@) ([Va@] —mop _ ([Vati] - mo)?
alm) ~pln) 752, t+[mr -] q(n)}2

holds. It means that the sequence (z) is not D{(u, v)-convergent to zero because the left side of

the above inequality tends to 1 when n — oo.
Let us recall that /., is the set of all bounded sequences. The following result shows that the
converse of Theorem 7 is true for bounded sequences :

Theorem 8. Let (X, i, v, *,0) be an IFNS and (x}) be a sequence of X. If v = (x,) € (oo, then
the convergence xy, — I(D1S(u, v)) implies that i, — I(Dg(p, ).

Proof. Suppose that x = (zy) € {o and z;, — [(DS]p, ¢]). Under the assumption on () there
exists a positive real number M, such that pu(xy — I,t) > 1 — M and v(zy, — [, t) < M hold for
all £.

Therefore, the following inequality

q(n) | ~
q p(n;rl iy — 1, t W (Z+1 + Z ,u($k _ l,t) <
Ari—Lt)<e ,u(g;k lt)>5
< sme(n) +1<k<qn) : alzg—1,t) <e}|+
+ M.ml{p(n) F1<k<qn) : fles—1t) > e}

74



holds. If we take limit by considering ), — [(D{S(u, v)), then it is obtained that

_ iz —1t) > e
() = p(n) 2
This gives
alx, —1Lt) <1 —e. (8)
q(n) —p(n) &
Also, the following inequality
Ly LAY ey
_— vicg —l,t) = ————— + v(zg —1,t) p <
alm) = p(n) &= am—rm || A
iz —lt)<e u(zk lt)>e
1
1
+ M‘WHP(”) +1<k<qn) : vz, —1,t) > e}
holds. This gives that
_ vizg — 1, t) <e. )
q(n) —p(n) &
So, by considering (8) and (9), the proof of Theorem is completed. ]

Theorem 9. Let (X, j1, v, %, ) be an IFNS, (1) be a sequence of X and the sequence (#’%)
is bounded. Then, x,, — (S (i, v)) implies x, — [(D3S(p1,v)).

Proof. Since lim,,_,, ¢(n) = oo and x,, — [(S(p,v)), then

1
lim —|{k < : — L) <1- —1t) > e}| =
Jim q(n)|{ <q(n) : plry —lt) <1 —corv(ay —1t) > e} =0

holds from Theorem 2.2.1 in [13]. Also, the following inclusion
{p(n) +1 <k <qn) : plzx —1,t) <1 —corv(z, —1,t) > e}
C{k<qn) : plezy—1,t) <1—corv(zy —1,t) > e}
and the inequality
Hp(n) +1<k<qn) : ple,—1,t) <1—corv(z, —1,t) > e}
<Kk <qn) : plaey—10t) <1—corv(zy —I,t) > e}

holds. So, we get

1
—{p(n)+1 <k <qn) : pley —1,t) <1 —corv(x, —L,t) > ¢
< L(n >|{k<q( n) : plrg —,t) <1—corv(x, —1,t) > e},
where L(n)< ) By taking limit when n — oo, we get 7, — [(D1S(p, v)). O
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4 Comparison of D!S (i, v) and D)'S(u, v)

In this section we assume that
p(n) <r(n) < h(n) <q(n) (10)

Theorem 10. Let r and h be two non-negative sequences satisfying (10), such that
{k, p(n) < k < r(n)} and {k, h(n) < k < q(n)} are finite sets for all n € N. Then,
x, — D}S(p,v) implies that x; — DLS(u, v).

Proof. 1tis clear that

{p(n)+1<k<qn) : plzxy —1,t) >1 —corv(xy —1,t) <e} =
={pn) <k<rn) : ple,—0Lt)>1—corv(zy—1,t) <eju
U{r(n) <k <h(n) : pley—1,t)>1—corv(zy —1,t) <e}U

U{h(n) <k <qn) : pwley—1,t)>1—corv(zg —1,t) < e}

is satisfied. Since the deferred density of a finite set is zero and z, — DS (p, v), then we get the
desired result. []

The converse of this theorem takes place under some conditions on p, ¢, h and 7.

Theorem 11. Assume that nh_)rgo (T(n) = %) =d > 0. Then, v, — [(D}S(1,v))
implies that xj, — [(D"S(u, v)).
Proof. 1t is clear that the inclusion
{r(n)+1<k<h(n) : pley—10t)>1—corv(z —I,t) <e}U
{p(n) +1<k<gqn) : plzy—1,t) >1—corv(z, —1,t) < e}

is satisfied and we have

1
m[{r(n)—i—lgkgh(n) (e —Ut) > 1 —corv(x, — 1 t) < e}
1
<Tnm)———{pn)+1<k<qn) : plzxy —1,t) >1 —corv(x, — L, t) < e}|.

Thus,

) 1

Jgrgoer(n)—l—lgk:gh(n) Dz —Lt)>1—corv(x, —1,t) <e}| =0,
which completes the proof. [

5 Conclusion

Since every usual norm defines an intuitionistic fuzzy norm, the results given here are more
general than the results given in [13].

Also, some special cases of p(n) and ¢(n) in the method D(yu, ) and DES(u,v) coincide
with the corresponding results in [12, 16, 17].
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