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INVESTIGATE SEVERAL NEW NEUTROSOPHIC NORMED SPACES OF
I-CONVERGENCE OF THE TRIPLE SEQUENCES

M. JEYARAMAN

ABSTRACT. This article’s main goal is to introduce and investigate several new neutro-
sophic normed spaces of I-convergence of the triple sequences. By using the compact
operator, these spaces are defined. These spaces have several basic characteristics, such as
fuzzy topology and verifiable inclusion relations.

1. INTRODUCTION

Fast [6] and Schoenberg [21] were the first to introduce statistical convergence indepen-
dently introduce the idea of statistical convergence. Salat et al.[11] established the concept
of I-convergence, a statistical convergence generality. Later, Edely, Mursaleen[14], and
Tripathy independently developed the idea of statistical convergence for double sequences,
while Mursaleen and Saves [20] independently developed it for fuzzy numbers. Regarding
this, for double sequences [3], there are fact I and I∗- convergence, which are two quite
different types of convergence.

Converged triple sequences were introduced by Gurdal, Sahiner, and Duden[16] in
2007. Numerous authors have further explored this idea; see ([4, 5, 17, 2]). Tripathy
and Goswami are familiar with the idea of the me-convergence of triple sequences in prob-
abilistic normed spaces.

An extension of the intuitionistic fuzzy set theory that Atanassov K.T. [1] first suggested
in 1986. Because it allocates the degree of membership to the components so that unique
persons may be distinguished in a set, fuzzy set theory is a potent tool for characterizing
ambiguity and vagueness. According to a vast body of research that has recently emerged
in the scientific discipline, the idea of fuzzy sets has surprisingly grown into the current
norm for young scientists or researchers. Many authors now use the concept of fuzzy
topology as a crucial tool in their work. The most recent advancements in fuzzy topology
are the concepts of the intuitionistic fuzzy normed space[13] and the intuitionistic fuzzy-2
normed space [15].
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After some time, Smarandache [18, 19] [17, 18] created the concept of Neutrosophic
Sets [NS], which is an alternative form of notation for classical set theory by including
an intermediate membership function. This set is a formal setting designed to quantify the
truth, ambiguity, and falsity. The idea of convergent triple sequences was introduced by
Gurdal, Sahiner, and Duden [16] in 2007. Numerous authors have further explored this
idea; see, ([4, 5, 17, 2]). Tripathy and Goswami are accustomed to the concept of triple
sequences I-convergent in probabilistic normed spaces. Tripathy and Shiner [17] exam-
ined the I-convergence qualities in triple sequence spaces and presented some insightful
findings.

In this work, we introduce the paper to investigate some new neutrosophic normed
spaces of I-convergence of triple sequences defined by compact operator. Fuzzy topology
and verifiable inclusion relations are some essential characteristics of these spaces.

Despite the potential of neutrosophic normed spaces, their study for triple sequences
with I-convergence remains limited. By defining new spaces using compact operators, this
research explores their fundamental properties and implications offering new perspectives
in sequence analysis and fuzzy logic.

2. PRELIMINARIES

In this section, some basic definitions are imparted that are helpful to understand the
main section.

Definition 2.1. [10] A collection of sets Id ⊆ 2ℑ allegedly is an ideal for a not an empty
set ℑ, if it fulfils:

(i) ϕ ∈ Id;
(ii) if P,Q ∈ Id ⇒ P ∪Q ∈ Id;

(iii) if P ∈ Id and Q ⊆ P ⇒ Q ∈ Id.
An ideal Id is called a non-trivial ideal if ℑ /∈ Id.

Definition 2.2. [10] A collection of sets F⊆ 2ℑ is allegedly a filter for a not an empty
set ℑ, if it fulfils:

(i) ϕ /∈ F;
(ii) if P,Q ∈ F⇒ P ∩Q ∈ F;

(iii) if P ∈ F and P ⊆ Q ⇒ Q ∈ F.
For each ideal Id there is a filter F(Id) corresponding to Id.
F(Id) = {P ⊆ N : Pc ∈ Id}, where Pc = N−P.

Definition 2.3. [2] A triple sequence ζ = (ζι̌ϱ̌σ̌) is allegedly Id convergent to a number
ξ if for each ε0 > 0, like that {(ι̌, ϱ̌, σ̌) ∈ N × N × N : |ζι̌ϱ̌σ̌ − ξ| ≥ ε0} ∈ Id and to be
symbolized as, Id lim ζι̌ϱ̌σ̌ = ξ.

Definition 2.4. [12] A binary operation ⊛ : [0, 1]× [0, 1] → [0, 1]is known as a triangular
norm if ⊛ fulfils:

• ⊛ is commutative and associative,
• ⊛ is continuous,
• f⊛ 1 = f for all f∈ [0, 1],
• f1⊛g1 ≤ f2⊛g2 wheneverf1 ≤ f2 and g1 ≤ g2 for all f1,g1,f2,g2 in [0, 1].

Examples: (i) f⊛ g = fg (ii) f⊛ g = min{f,g}.
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Definition 2.5. [12] A binary operation3 : [0, 1]× [0, 1] → [0, 1] is known as a triangular
norm if 3 fulfils:

• 3 is commutative and associative,
• 3 is continuous,
• f30 = f for all f∈ [0, 1],
• f13g1 ≤ f23g2 whenever f1 ≤ f2 and g1 ≤ g2 for all f1,g1,f2,g2 in
[0, 1].

Examples: (i) f3g = min{f+ g, 1} (ii) f3g = max{f,g}.

Definition 2.6. The 7-tuple (ℑ,J, G,H,⊛,⊙,3) is allegedly NNS if ℑ is a linear space,
⊛ is a continuous triangular norm, ⊙ and3 are continuous triangular conorm, J, Gand H

are fuzzy sets on ℑ× (0,∞) fulfils the subsequent criteria:
For every ζ1,�1 ∈ ℑ and s,ϖ1 > 0;

(a) 0 ≤ J(ζ1, ϖ1) ≤ 1; 0 ≤ G(ζ1, ϖ1) ≤ 1; 0 ≤ H(ζ1, ϖ1) ≤ 1,
(b) J(ζ1, ϖ1) + G(ζ1, ϖ1) + H(ζ1, ϖ1) ≤ 3,
(c) J(ζ1, ϖ1) > 0,
(d) J(ζ1, ϖ1) = 1 if and only if ζ1 = 0,
(e) J(fζ1, ϖ1) = J

(
ζ1,

ϖ1

|f|

)
for each f ̸= 0,

(f) J(ζ1, ϖ1)⊛J(�, s) ≤ J(ζ1 +�, ϖ1 + s),
(g) J(ζ1, ϖ1) : (0,∞) → [0, 1] is continuous,
(h) lim

ϖ1→∞
J(ζ1, ϖ1) = 1 and lim

ϖ1→0
J(ζ1, ϖ1) = 0,

(i) G(ζ1, ϖ1) < 1,
(j) G(ζ1, ϖ1) = 0 if and only if ζ1 = 0,
(k) G(fζ1, ϖ1) = G

(
ζ1,

ϖ1

|f|

)
for each f ̸= 0,

(l) G(ζ1, ϖ1)⊙ G(�, s) ≥ G(ζ1 +�, ϖ1 + s),
(m) G(ζ1, ϖ1) : (0,∞) → [0, 1] is continuous,
(n) lim

ϖ1→∞
G(ζ1, ϖ1) = 0 and lim

ϖ1→0
G(ζ1, ϖ1) = 1,

(o) H(ζ1, ϖ1) < 1,
(p) H(ζ1, ϖ1) = 0 if and only if ζ1 = 0,
(q) H(fζ1, ϖ1) = H

(
ζ1,

ϖ1

|f|

)
for each f ̸= 0,

(r) H(ζ1, ϖ1)3G(�, s) ≥ H(ζ1 +�, ϖ1 + s),
(s) H(ζ1, ϖ1) : (0,∞) → [0, 1] is continuous,
(t) lim

ϖ1→∞
H(ζ1, ϖ1) = 0 and lim

ϖ1→0
H(ζ1, ϖ1) = 1.

Definition 2.7. Let (ℑ,J, G,H,⊛,⊙,3) be an NNS. Then a sequence ζ = (ζǩ) is
allegedly converging towards a number ξ with regard to the Nn (J, G,H) if for all
ε0 > 0 and ϖ1 > 0, there exists ǩ0 ∈ N in such a way
J(ζǩ − ξ,ϖ1) > 1− ε0, G(ζǩ − ξ,ϖ1) < ε0 and H(ζǩ − ξ,ϖ1) < ε0, for all ǩ ≥ ǩ0
and to be represented as, (J, G,H) lim ζ = ξ.

Definition 2.8. Let (ℑ,J, G,H,⊛,⊙,3) be an NNS. Then a sequence ζ = (ζǩ) is
allegedly statistically convergent(SCo) to a number ξ with regard to the Nn (J, G,H) if
for everyone ε0 > 0 and ϖ1 > 0, we have

δ

({
ǩ ∈ N : J(ζǩ − ξ,ϖ1) ≤ 1− ε0 or

G(ζǩ − ξ,ϖ1) ≥ ε0 and H(ζǩ − ξ,ϖ1) ≥ ε0

})
= 0

and to be represented as, st(J,G,H) − lim ζǩ = ξ.
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Definition 2.9. Let (ℑ,J, G,H,⊛,⊙,3) be an NNS. Then a sequence ζ = (ζǩ) is
allegedly I-convergent to a number ξ with regard to the Nn (J, G,H) if for everyone
ε0 > 0 and ϖ1 > 0, we have{

ǩ ∈ N : J(ζǩ − ξ,ϖ1) ≤ 1− ε0 or
G(ζǩ − ξ,ϖ1) ≥ ε0 and H(ζǩ − ξ,ϖ1) ≥ ε0

}
∈ I.

and to be represented as, I(J,G,H) lim ζǩ = ξ.

3. TRIPLE SEQUENCES IN NNSBY COMPACT LINEAR OPERATOR

Definition 3.1. Let (ℑ,J, G,H,⊛,⊙,3) be an NNS. Then a triple sequence ζ = (ζι̌ϱ̌σ̌)
is allegedly SCo to a number ξ with regard to the Nn (J, G,H) if for everyone ε0 > 0
and ϖ1 > 0, we have

δ

({
(ι̌, ϱ̌, σ̌) ∈ N× N× N : J(ζι̌ϱ̌σ̌ − ξ,ϖ1) ≤ 1− ε0 or
G(ζι̌ϱ̌σ̌ − ξ,ϖ1) ≥ ε0 and H(ζι̌ϱ̌σ̌ − ξ,ϖ1) ≥ ε0

})
= 0

or equivalently,

lim
pqr

1

pqr

∣∣∣∣{ n ≤ p, k ≤ q, l ≤ r : J(ζι̌ϱ̌σ̌ − ξ,ϖ1) ≤ 1− ε0 or
G(ζι̌ϱ̌σ̌ − ξ,ϖ1) ≥ ε0 and H(ζι̌ϱ̌σ̌ − ξ,ϖ1) ≥ ε0

}∣∣∣∣ = 0

and to be symbolized as, st3(J,G,H) lim ζι̌ϱ̌σ̌ = ξ.

Definition 3.2. Let (ℑ,J, G,H,⊛,⊙,3) be an NNS. Then a triple sequence ζ = (ζι̌ϱ̌σ̌)
is allegedly statistically Cauchy(SCa) with regard to the Nn (J, G,H) if for everyone
ε0 > 0 and ϖ1 > 0 there exists p = p(ε0), q = q(ε0), r = r(ε0) like that, we have

δ

({
(ι̌, ϱ̌, σ̌) ∈ N× N× N : J(ζι̌ϱ̌σ̌ − ζpqr, ϖ1) ≤ 1− ε0 or
G(ζι̌ϱ̌σ̌ − ζpqr, ϖ1) ≥ ε0 and H(ζι̌ϱ̌σ̌ − ζpqr, ϖ1) ≥ ε0

})
= 0.

Definition 3.3. Let (ℑ,J, G,H,⊛,⊙,3) be an NNS. Then a triple sequence ζ = (ζι̌ϱ̌σ̌)
is allegedly I3-convergent to a number ξ with regard to the Nn (J, G,H) if for everyone
ε0 > 0 and ϖ1 > 0, we have{

(ι̌, ϱ̌, σ̌) ∈ N× N× N : J(ζι̌ϱ̌σ̌ − ξ,ϖ1) ≤ 1− ε0 or
G(ζι̌ϱ̌σ̌ − ξ,ϖ1) ≥ ε0 and H(ζι̌ϱ̌σ̌ − ξ,ϖ1) ≥ ε0

}
∈ I3.

and to be symbolized as, I(J,G,H)
3 lim ζk = ξ.

Where, I3 is a non trivial ideal of N× N× N.

A Compact Linear Operator is a relation R : M→ Nwhich meets two criteria:

(i) R is linear;
(ii) For each limited sequence (ζǩ) ∈ M, R(ζǩ) has a convergent subsequence in N.

where M and N are normed linear spaces. The collection of all bounded linear operators
B(M,N) is normed linear space normed by ∥R∥ = sup

ζ∈V,∥ζ∥=1

∥Rζ∥

Remark: B(M,N) is a closed subspace of the set of all compact linear operators C(M,N)
. Additionally, C(M,N) is a Banach space if N is a Banach space.

The I-convergence of triple sequences described by compact operators in NNS is the
topic of this article. In addition, we define an open ball with a non-zero radius that is
centered at a triple sequence and investigate the topology of the defined spaces.
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4. MAIN RESULTS

In this section, we provide the subsequent classes of sequence spaces.

3S
I
(J,G,H)(T) =

{
(ζι̌ϱ̌σ̌) ∈ 3ϑ :

{
(ι̌, ϱ̌, σ̌) ∈ N×N×N : J(T(ζι̌ϱ̌σ̌)−ξ,ϖ1) ≤ 1−ε0 or

G(T(ζι̌ϱ̌σ̌)− ξ,ϖ1) ≥ ε0 or H(T(ζι̌ϱ̌σ̌)− ξ,ϖ1) ≥ ε0
}
∈ I3

}

3S
I
0(J,G,H)(T) =

{
(ζι̌ϱ̌σ̌) ∈ 3ϑ :

{
(ι̌, ϱ̌, σ̌) ∈ N×N×N : J(T(ζι̌ϱ̌σ̌), ϖ1) ≤ 1−ε0 or

G(T(ζι̌ϱ̌σ̌), ϖ1) ≥ ε0 or H(T(ζι̌ϱ̌σ̌), ϖ1) ≥ ε0
}
∈ I3

}
We also define;

3Bζ(δ,ϖ1)(T) =
{
(�ι̌ϱ̌σ̌) ∈ 3ϑ :

{
(ι̌, ϱ̌, σ̌) : N×N×N : J(T(ζ)−T(�), ϖ1) > 1−δ,

G(T(ζ)− T(�), ϖ1) < δ and H(T(ζ)− T(�), ϖ1) < δ
}
∈ I3

}
which is an open ball with centre at ζ = (ζι̌ϱ̌σ̌) and radius δ with respect to ϖ1.

Theorem 4.1. If a triple sequence ζ = (ζι̌ϱ̌σ̌) ∈ 3S
I
(J,G,H)(T) is I3-convergent to a

number ξ with regard to the Nn (J, G,H), then the limit ξ is distinctive.

Proof. Let ζ = (ζι̌ϱ̌σ̌) ∈ 3S
I
(J,G,H)(T) like that

I
(J,G,H)
3 lim ζι̌ϱ̌σ̌ = ξ1 and I

(J,G,H)
3 lim ζι̌ϱ̌σ̌ = ξ2, for a given ε0, we have δ > 0 like

that (1− δ)⊛ (1− δ) > 1− ε0, δ⊙ δ < ε0 and δ3δ < ε0, then we define for ϖ1 > 0,

D1 =
{
(ι̌, ϱ̌, σ̌) ∈ N× N× N : J

(
T(ζι̌ϱ̌σ̌)− ξ1,

ϖ1

2

)
≤ 1− δ or

G
(
T(ζι̌ϱ̌σ̌)− ξ1,

ϖ1

2

)
> δ or H

(
T(ζι̌ϱ̌σ̌)− ξ1,

ϖ1

2

)
> δ

}
D2 =

{
(ι̌, ϱ̌, σ̌) ∈ N× N× N : J

(
T(ζι̌ϱ̌σ̌)− ξ2,

ϖ1

2

)
≤ 1− δ or

G
(
T(ζι̌ϱ̌σ̌)− ξ2,

ϖ1

2

)
> δ or H

(
T(ζι̌ϱ̌σ̌)− ξ2,

ϖ1

2

)
> δ

}
Since I

(J,G,H)
3 lim ζι̌ϱ̌σ̌ = ξ1 and I

(J,G,H)
3 lim ζι̌ϱ̌σ̌ = ξ2

⇒ D1 ∈ I3 and D2 ∈ I3 for all ϖ1 > 0.
Consider D= D1 ∪ D2,⇒ D∈ I3 and Dc ∈ F(I3).
If, (p, q, r) ∈ Dc, then

J(ξ1 − ξ2, ϖ1) ≥ J
(
Tζpqr − ξ1,

ϖ1

2

)
⊛J

(
Tζpqr − ξ2,

ϖ1

2

)
> (1− δ)⊛ (1− δ)

> 1− ε0.

ε0 > 0 being arbitrary

⇒ J(ξ1 − ξ2, ϖ1) = 1 for all ϖ1 > 0 ⇒ ξ1 = ξ2.

Also,

G(ξ1 − ξ2, ϖ1) ≤ G
(
Tζpqr − ξ1,

ϖ1

2

)
⊙ G

(
Tζpqr − ξ2,

ϖ1

2

)
< (δ)⊙ (δ)
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< ε0.

ε0 > 0 being arbitrary

⇒ G(ξ1 − ξ2, ϖ1) = 0, for all ϖ1 > 0 ⇒ ξ1 = ξ2.

Similarly it can be proved that,
H(ξ1 − ξ2, ϖ1) < ε0 for all ϖ1 > 0 ⇒ ξ1 = ξ2.
Thus, it may be said that, I(J,G,H)

3 lim ζι̌ϱ̌σ̌ = ξ is distinctive. □

Theorem 4.2. Let ζ = (ζι̌ϱ̌σ̌) be a triple sequence in 3S
I
(J,G,H)(T). Consequently, the

following claims are equivalent:

(i) If I(J,G,H)
3 lim ζι̌ϱ̌σ̌ = ξ,

(ii)
{

(ι̌, ϱ̌, σ̌) ∈ N× N× N : J(T(ζι̌ϱ̌σ̌)− ξ,ϖ1) ≤ 1− ε0 or
G(T(ζι̌ϱ̌σ̌)− ξ,ϖ1) ≥ ε0 and H(T(ζι̌ϱ̌σ̌)− ξ,ϖ1) ≥ ε0

}
∈ I3

(iii)
{

(ι̌, ϱ̌, σ̌) ∈ N× N× N : J(T(ζι̌ϱ̌σ̌)− ξ,ϖ1) > 1− ε0 or
G(T(ζι̌ϱ̌σ̌)− ξ,ϖ1) < ε0 and H(T(ζι̌ϱ̌σ̌)− ξ,ϖ1) < ε0

}
∈ F(I3)

(iv) I3 limJ(T(ζι̌ϱ̌σ̌)− ξ,ϖ1) = 1, I3 lim G(T(ζι̌ϱ̌σ̌)− ξ,ϖ1) = 0 and
I3 limH(T(ζι̌ϱ̌σ̌)− ξ,ϖ1) = 0.

Theorem 4.3. The spaces 3S
I
(J,G,H)(T) and 3S

I
0(J,G,H)(T) are linear spaces.

Proof. We demonstrate the linearity of the space 3S
I
(J,G,H)(T).For other space, it comes

right after.
Let ζ = (ζι̌ϱ̌σ̌),� = (�ι̌ϱ̌σ̌) ∈ 3S

I
(J,G,H)(T) and f,g be non-zero scalars and ε0 > 0

be given, then

A1 =

 (ι̌, ϱ̌, σ̌) ∈ N× N× N : J
(
T(ζι̌ϱ̌σ̌)− ξ1,

ϖ1

2|f|

)
≤ 1− ε0 or

G
(
T(ζι̌ϱ̌σ̌)− ξ1,

ϖ1

2|f|

)
≥ ε0 and H

(
T(ζι̌ϱ̌σ̌)− ξ1,

ϖ1

2|f|

)
≥ ε0

 ∈ I3

A2 =

 (ι̌, ϱ̌, σ̌) ∈ N× N× N : J
(
T(�ι̌ϱ̌σ̌)− ξ2,

ϖ1

2|g|

)
≤ 1− ε0 or

G
(
T(�ι̌ϱ̌σ̌)− ξ2,

ϖ1

2|g|

)
≥ ε0 and H

(
T(�ι̌ϱ̌σ̌)− ξ2,

ϖ1

2|g|

)
≥ ε0

 ∈ I3

Ac
1 =

 (ι̌, ϱ̌, σ̌) ∈ N× N× N : J
(
T(ζι̌ϱ̌σ̌)− ξ1,

ϖ1

2|f|

)
> 1− ε0 or

G
(
T(ζι̌ϱ̌σ̌)− ξ1,

ϖ1

2|f|

)
< ε0 and H

(
T(ζι̌ϱ̌σ̌)− ξ1,

ϖ1

2|f|

)
< ε0

 ∈ F(I3)

Ac
2 =

 (ι̌, ϱ̌, σ̌) ∈ N× N× N : J
(
T(�ι̌ϱ̌σ̌)− ξ2,

ϖ1

2|g|

)
> 1− ε0 or

G
(
T(�ι̌ϱ̌σ̌)− ξ2,

ϖ1

2|g|

)
< ε0 and H

(
T(�ι̌ϱ̌σ̌)− ξ2,

ϖ1

2|g|

)
< ε0

 ∈ F(I3).

Define A3 = A1∪A2, so that A3 ∈ I3 ⇒ Ac
3 ∈ F(I3) is non-empty. We now demonstrate

that for everyone (ζι̌ϱ̌σ̌), (�ι̌ϱ̌σ̌) ∈3 SI
(J,G,H)(T).

Ac
3 ⊂


(ι̌, ϱ̌, σ̌) ∈ N× N× N :

J(fT(ζι̌ϱ̌σ̌) + gT(�ι̌ϱ̌σ̌))− (fξ1 + gξ2), ϖ1) > 1− ε0 or
G(fT(ζι̌ϱ̌σ̌) + gT(�ι̌ϱ̌σ̌))− (fξ1 + gξ2), ϖ1) < ε0 and
H(fT(ζι̌ϱ̌σ̌) + gT(�ι̌ϱ̌σ̌))− (fξ1 + gξ2), ϖ1) < ε0

 .

Let (p, q, r) ∈ Ac
3. In this case

J

(
T(ζpqr)− ξ1,

ϖ1

2|f|

)
> 1− ε0 or
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G

(
T(ζpqr)− ξ1,

ϖ1

2|f|

)
< ε0 and

H

(
T(ζpqr)− ξ1,

ϖ1

2|f|

)
< ε0.

and

J

(
T(�pqr)− ξ2,

ϖ1

2|g|

)
> 1− ε0 or

G

(
T(�pqr)− ξ2,

ϖ1

2|g|

)
< ε0 and

H

(
T(�pqr)− ξ2,

ϖ1

2|g|

)
< ε0.

We have

J(fT(ζpqr) + gT(�pqr))− (fξ1 + gξ2), ϖ1)

≥ J
(
fT(ζpqr)−fξ1,

ϖ1

2

)
⊛J

(
gT(ζpqr)− gξ2,

ϖ1

2

)
= J

(
T(ζpqr)− ξ1,

ϖ1

2|f|

)
⊛J

(
T(ζpqr)− ξ2,

ϖ1

2|g|

)
> (1− ε0)⊛ (1− ε0) = 1− ε0.

Also,

G(fT(ζpqr) + gT(�pqr))− (fξ1 + gξ2), ϖ1)

≤ G
(
fT(ζpqr)−fξ1,

ϖ1

2

)
⊙ G

(
gT(ζpqr)− gξ2,

ϖ1

2

)
= G

(
T(ζpqr)− ξ1,

ϖ1

2|f|

)
⊙ G

(
T(ζpqr)− ξ2,

ϖ1

2|g|

)
< ε0 ⊙ ε0 = ε0.

and

H(fT(ζpqr) + gT(�pqr))− (fξ1 + gξ2), ϖ1)

≤ H
(
fT(ζpqr)−fξ1,

ϖ1

2

)
3H

(
gT(ζpqr)− gξ2,

ϖ1

2

)
= H

(
T(ζpqr)− ξ1,

ϖ1

2|f|

)
3H

(
T(ζpqr)− ξ2,

ϖ1

2|g|

)
< ε03ε0 = ε0.

Hence,

Ac
3 ⊂


(ι̌, ϱ̌, σ̌) ∈ N× N× N :

J(fT(ζι̌ϱ̌σ̌) + gT(�ι̌ϱ̌σ̌))− (fξ1 + gξ2), ϖ1) > 1− ε0 or
G(fT(ζι̌ϱ̌σ̌) + gT(�ι̌ϱ̌σ̌))− (fξ1 + gξ2), ϖ1) < ε0 and
H(fT(ζι̌ϱ̌σ̌) + gT(�ι̌ϱ̌σ̌))− (fξ1 + gξ2), ϖ1) < ε0.


Hence 3S

I
(J,G,H)(T) is a linear space. □

Theorem 4.4. Let ζ = (ζι̌ϱ̌σ̌) be a triple sequence in 3S
I
(J,G,H)(T) like that

(J, G,H)3 lim ζι̌ϱ̌σ̌ = ξ, then I
(J,G,H)
3 lim ζι̌ϱ̌σ̌ = ξ.
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Proof. Let (J, G,H)3 lim ζι̌ϱ̌σ̌ = ξ, and ε0 > 0 be given then for everyone ϖ1 > 0,
there exists (p, q, r) ∈ N× N× N like that
J(T(ζι̌ϱ̌σ̌)−ξ) > 1−ε0, G(T(ζι̌ϱ̌σ̌)−ξ) < ε0 and H(T(ζι̌ϱ̌σ̌)−ξ) < ε0, for all (ι̌, ϱ̌, σ̌) ≥
(p, q, r).
As a result, we have

B=


(ι̌, ϱ̌, σ̌) ∈ N× N× N :

J(T(ζι̌ϱ̌σ̌)− ξ,ϖ1) ≤ 1− ε0 or
G(T(ζι̌ϱ̌σ̌)− ξ,ϖ1) ≥ ε0 and
H(T(ζι̌ϱ̌σ̌)− ξ,ϖ1) ≥ ε0

 ⊆
{

(p′, q′, r′) ∈ N× N× N :
p′ < p− 1, q′ < q − 1, r′ < r − 1

}

But, I3 being admissible ⇒ B∈ I3. Hence, I(J,G,H)
3 lim ζι̌ϱ̌σ̌ = ξ. □

Theorem 4.5. Let ζ = (ζι̌ϱ̌σ̌) be a triple sequence in 3ϑ. If� = (�ι̌ϱ̌σ̌) in 3ϑ is a I
(J,G,H)
3

convergent sequence like that {(ι̌, ϱ̌, σ̌) ∈ N× N× N : ζι̌ϱ̌σ̌ ̸= �ι̌ϱ̌σ̌} ∈ I3, then ζ is also
I
(J,G,H)
3 convergent.

Proof. Think about the set, {(ι̌, ϱ̌, σ̌) ∈ N× N× N : ζι̌ϱ̌σ̌ ̸= �ι̌ϱ̌σ̌} ∈ I3 and
I
(J,G,H)
3 lim�ι̌ϱ̌σ̌ = ξ then 0 < ε0 < 1 for all ϖ1 > 0, we get{

(ι̌, ϱ̌, σ̌) ∈ N× N× N : J(T(�ι̌ϱ̌σ̌)− ξ,ϖ1) ≤ 1− ε0 or
G(T(�ι̌ϱ̌σ̌)− ξ,ϖ1) ≥ ε0 and H(T(�ι̌ϱ̌σ̌)− ξ,ϖ1) ≥ ε0

}
∈ I3.

0 < ε0 < 1 for all ϖ1 > 0,
(ι̌, ϱ̌, σ̌) ∈ N× N× N :

J(T(ζι̌ϱ̌σ̌)− ξ,ϖ1) ≤ 1− ε0 or
G(T(ζι̌ϱ̌σ̌)− ξ,ϖ1) ≥ ε0 and
H(T(ζι̌ϱ̌σ̌)− ξ,ϖ1) ≥ ε0


⊆ {(ι̌, ϱ̌, σ̌) ∈ N× N× N : ζι̌ϱ̌σ̌ ̸= �ι̌ϱ̌σ̌} ∪


(ι̌, ϱ̌, σ̌) ∈ N× N× N :

J(T(�ι̌ϱ̌σ̌)− ξ,ϖ1) ≤ 1− ε0 or
G(T(�ι̌ϱ̌σ̌)− ξ,ϖ1) ≥ ε0 and
H(T(�ι̌ϱ̌σ̌)− ξ,ϖ1) ≥ ε0

 .

(4.1)

Since the right-hand side of (4.1) contains an element of I3, we obtain{
(ι̌, ϱ̌, σ̌) ∈ N× N× N : J(T(ζι̌ϱ̌σ̌)− ξ,ϖ1) ≤ 1− ε0 or
G(T(ζι̌ϱ̌σ̌)− ξ,ϖ1) ≥ ε0 and H(T(ζι̌ϱ̌σ̌)− ξ,ϖ1) ≥ ε0

}
∈ I3.

□

Theorem 4.6. If ζ = (ζι̌ϱ̌σ̌) ∈ 3S
I
(J,G,H)(T) is a Cauchy sequence with regard to Nn

(J, G,H) then it is I(J,G,H)
3 -Cauchy with regard to same norm.

Proof. The proof was deleted because it seemed obvious. □

Theorem 4.7. If ζ = (ζι̌ϱ̌σ̌) ∈ 3S
I
(J,G,H)(T) is a Cauchy sequence with regard to Nn

(J, G,H) then the sequence ζ = (ζι̌ϱ̌σ̌) has a subsequence which is an ordinary Cauchy
sequence with regard to the similar norm.

Proof. The proof was deleted because it seemed obvious. □

Theorem 4.8. Each open ball 3Bζ(δ,ϖ1)(T) is an open set in 3S
I
(J,G,H)(T).
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Proof. Let 3Bζ(δ,ϖ1)(T) be an open ball have radius δ, centered at ζ with regard to ϖ1.
i.e

3Bζ(δ,ϖ1)(T) =

� = (�ι̌ϱ̌σ̌) ∈ 3ϑ :


(ι̌, ϱ̌, σ̌) ∈ N× N× N :

J(T(ζι̌ϱ̌σ̌)− T(�ι̌ϱ̌σ̌), ϖ1) > 1− δ or
G(T(ζι̌ϱ̌σ̌)− T(�ι̌ϱ̌σ̌), ϖ1) < δ and
H(T(ζι̌ϱ̌σ̌)− T(�ι̌ϱ̌σ̌), ϖ1) < δ

 ∈ I3

 .

Let � ∈ 3B
c
ζ(δ,ϖ1)(T).

Then,

J(T(ζι̌ϱ̌σ̌)− T(�ι̌ϱ̌σ̌), ϖ1) > 1− δ,

G(T(ζι̌ϱ̌σ̌)− T(�ι̌ϱ̌σ̌), ϖ1) < δ and

H(T(ζι̌ϱ̌σ̌)− T(�ι̌ϱ̌σ̌), ϖ1) < δ.

Since, J(T(ζι̌ϱ̌σ̌)− T(�ι̌ϱ̌σ̌), ϖ1) > 1− δ, there exists 0 < ϖ0 < ϖ1 like that,

J(T(ζι̌ϱ̌σ̌)− T(�ι̌ϱ̌σ̌), ϖ0) > 1− δ,

G(T(ζι̌ϱ̌σ̌)− T(�ι̌ϱ̌σ̌), ϖ0) < δ and

H(T(ζι̌ϱ̌σ̌)− T(�ι̌ϱ̌σ̌), ϖ0) < δ.

Now, think about δ0 = J(T(ζι̌ϱ̌σ̌) − T(�ι̌ϱ̌σ̌), ϖ0), we have δ0 > 1 − δ a thing exists,
ϖ2 ∈ (0, 1) like that δ0 > 1−ϖ2 > 1− δ.
For δ0 > 1−ϖ2, we have δ1, δ2, δ3 ∈ (0, 1) like that
δ0 ⊛ δ1 > 1−ϖ2, (1− δ0)⊙ (1− δ2) ≤ ϖ2 and (1− δ0)3(1− δ3) ≤ ϖ2.
Let δ4 = max{δ1, δ2, δ3}.
In this case, we look at the open ball 3B

c
�
(1− δ4, ϖ1 −ϖ0)(T) and we show that

3B
c
�
(1− δ4, ϖ1 −ϖ0)(T) ⊂ 3B

c
ζ(δ,ϖ1)(T).

Let χ = (χι̌ϱ̌σ̌) ∈ 3B
c
�
(1− δ4, ϖ1 −ϖ0)(T) then

J(T(�ι̌ϱ̌σ̌)− T(χι̌ϱ̌σ̌), ϖ1 −ϖ0) > δ4 or

G(T(�ι̌ϱ̌σ̌)− T(χι̌ϱ̌σ̌), ϖ1 −ϖ0) < 1− δ4 or

H(T(�ι̌ϱ̌σ̌)− T(χι̌ϱ̌σ̌), ϖ1 −ϖ0) < 1− δ4

Therefore,

J(T(ζι̌ϱ̌σ̌)− T(χι̌ϱ̌σ̌), ϖ1)

≥ J(T(ζι̌ϱ̌σ̌)− T(�ι̌ϱ̌σ̌), ϖ0)⊛J(T(�ι̌ϱ̌σ̌)− T(χι̌ϱ̌σ̌), ϖ1 −ϖ0)

≥ (δ0 ⊛ δ3) ≥ (δ0 ⊛ δ1) ≥ (1−ϖ2) ≥ (1− δ)

also,

G(T(ζι̌ϱ̌σ̌)− T(χι̌ϱ̌σ̌), ϖ1)

≤ G(T(ζι̌ϱ̌σ̌)− T(�ι̌ϱ̌σ̌), ϖ0)⊙ G(T(�ι̌ϱ̌σ̌)− T(χι̌ϱ̌σ̌), ϖ1 −ϖ0)

≤ (1− δ0)⊙ (1− δ4) ≤ (1− δ0)⊙ (1− δ2) ≤ ϖ2 ≥ δ.

and

H(T(ζι̌ϱ̌σ̌)− T(χι̌ϱ̌σ̌), ϖ1)

≤ H(T(ζι̌ϱ̌σ̌)− T(�ι̌ϱ̌σ̌), ϖ0)3H(T(�ι̌ϱ̌σ̌)− T(χι̌ϱ̌σ̌), ϖ1 −ϖ0)

≤ (1− δ0)3(1− δ4) ≤ (1− δ0)3(1− δ2) ≤ ϖ2 ≥ δ.
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Thus z ∈ 3B
c
ζ(δ,ϖ1)(T). Hence 3B

c
�
(1− δ4, ϖ1 −ϖ0)(T) ⊂ 3B

c
ζ(δ,ϖ1)(T). □

Remark: 3S
I
(J,G,H)(T) is an NNS. Think about the set

3τ
I
(J,G,H)(T) =

{
A⊂ 3S

I
(J,G,H)(T) : for everyone ζ ∈ Athere existsϖ1 > 0 and 0 < δ < 1

such that 3Bζ(δ,ϖ1)(T) ⊂ A
}
.

⇒ 3τ
I
(J,G,H)(T) is clearly a topology on 3S

I
(J,G,H)(T).

Theorem 4.9. The topology 3τ
I
(J,G,H)(T) on 3S

I
0(J,G,H)(T) is first countable.

Proof.
{

3Bζ

(
1
k ,

1
k

)
(T) : k = 1, 2, 3, . . .

}
forms a local base at ζ therefore the topology

3τ
I
(J,G,H)(T) on 3S

I
0(J,G,H)(T) is first countable. □

Theorem 4.10. 3S
I
(J,G,H)(T) and 3S

I
0(J,G,H)(T) are Hausdorff spaces.

Proof. We determine the outcome for the space 3S
I
(J,G,H)(T).

The outcome is obvious for 3S
I
0(J,G,H)(T).

Let, ζ = (ζι̌ϱ̌σ̌),� = (�ι̌ϱ̌σ̌) ∈ 3S
I
(J,G,H)(T) like that (ζι̌ϱ̌σ̌) ̸= (�ι̌ϱ̌σ̌).

Then 0 < J(T(ζι̌ϱ̌σ̌) − T(�ι̌ϱ̌σ̌), ϖ1) < 1 or 0 < G(T(ζι̌ϱ̌σ̌) − T(�ι̌ϱ̌σ̌), ϖ1) < 1
and 0 < H(T(ζι̌ϱ̌σ̌)− T(�ι̌ϱ̌σ̌), ϖ1) < 1.
Consider, δ1 = J(T(ζι̌ϱ̌σ̌) − T(�ι̌ϱ̌σ̌), ϖ1), δ2 = G(T(ζι̌ϱ̌σ̌) − T(�ι̌ϱ̌σ̌), ϖ1) and
δ3 = H(T(ζι̌ϱ̌σ̌)− T(�ι̌ϱ̌σ̌), ϖ1), δ = max{δ1, 1− δ2, 1− δ3}. If we take, δ0 ∈ (δ, 1)
there exists δ4, δ5 and δ6 like that δ4 ⊛ δ4 ≥ δ0, (1− δ5)⊙ (1− δ5) ≤ (1− δ0) and
(1− δ6)3(1− δ6) ≤ (1− δ0).
Again for, δ7 = max{δ5, δ5, δ6} and we consider 3Bζ

(
1− δ7,

ϖ1

2

)
and 3B�

(
1− δ7,

ϖ1

2

)
.

Clearly, 3B
c
ζ

(
1− δ7,

ϖ1

2

)
∩ 3B

c
�

(
1− δ7,

ϖ1

2

)
= ∅.

For, if there exists χ = (χι̌ϱ̌σ̌) ∈ 3B
c
ζ

(
1− δ7,

ϖ1

2

)
∩ 3B

c
�

(
1− δ7,

ϖ1

2

)
then

δ1 = J(T(ζι̌ϱ̌σ̌)− T(�ι̌ϱ̌σ̌), ϖ1)

≥ J
(
T(ζι̌ϱ̌σ̌)− T(χι̌ϱ̌σ̌),

ϖ1

2

)
⊛J

(
T(χι̌ϱ̌σ̌)− T(�ι̌ϱ̌σ̌),

ϖ1

2

)
≥ δ7 ⊛ δ7 ≥ δ4 ⊛ δ4 ≥ δ0 > δ1,

δ2 = G(T(ζι̌ϱ̌σ̌)− T(�ι̌ϱ̌σ̌), ϖ1)

≤ G
(
T(ζι̌ϱ̌σ̌)− T(χι̌ϱ̌σ̌),

ϖ1

2

)
⊙ G

(
T(χι̌ϱ̌σ̌)− T(�ι̌ϱ̌σ̌),

ϖ1

2

)
≤ (1− δ7)⊙ (1− δ7)

≤ (1− δ5)⊙ (1− δ5)

≤ (1− δ0) < δ2 and

δ3 = H(T(ζι̌ϱ̌σ̌)− T(�ι̌ϱ̌σ̌), ϖ1)

≤ H
(
T(ζι̌ϱ̌σ̌)− T(χι̌ϱ̌σ̌),

ϖ1

2

)
3H

(
T(χι̌ϱ̌σ̌)− T(�ι̌ϱ̌σ̌),

ϖ1

2

)
≤ (1− δ7)3(1− δ7)

≤ (1− δ6)3(1− δ6)

≤ (1− δ0) < δ3

which cannot be done.
Therefore, 3SI

(J,G,H)(T) is Hausdorff. □
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Theorem 4.11. 3S
I
(J,G,H)(T) is an NNSand 3τ

I
(J,G,H)(T) is a topology on 3S

I
(J,G,H)(T).

Then there exists a sequence (ζι̌ϱ̌σ̌) ∈ 3S
I
(J,G,H)(T), such that ζι̌ϱ̌σ̌ → ζ iff J(T(ζι̌ϱ̌σ̌)−

T(ζ), ϖ1) → 1, G(T(ζι̌ϱ̌σ̌) − T(ζ), ϖ1) → 0 and H(T(ζι̌ϱ̌σ̌) − T(ζ), ϖ1) → 0 as
ι̌, ϱ̌, σ̌ → ∞.

Proof. Let ϖ1 > 0, let ζι̌ϱ̌σ̌ → ζ and 0 < δ < 1, there exists (p, q, r) ∈ N×N×N like
that (ζι̌ϱ̌σ̌) ∈ 3Bζ(δ,ϖ1)(T), for everyone ι̌ ≥ p, ϱ̌ ≥ q, σ̌ ≥ r,

3Bζ(δ,ϖ1)(T) =


(ι̌, ϱ̌, σ̌) ∈ N× N× N :

J(T(ζι̌ϱ̌σ̌)− T(ζ), ϖ1) > 1− δ or
G(T(ζι̌ϱ̌σ̌)− T(ζ), ϖ1) < δ and
H(T(ζι̌ϱ̌σ̌)− T(ζ), ϖ1) < δ

 ∈ I3,

like that, 3Bc
ζ(δ,ϖ1)(T) ∈ F(I3).

Then,

1−J(T(ζι̌ϱ̌σ̌)− T(ζ), ϖ1) < δ,

G(T(ζι̌ϱ̌σ̌)− T(ζ), ϖ1) < δ and

H(T(ζι̌ϱ̌σ̌)− T(ζ), ϖ1) < δ.

Hence,

J(T(ζι̌ϱ̌σ̌)− T(ζ), ϖ1) → 1,

G(T(ζι̌ϱ̌σ̌)− T(ζ), ϖ1) → 0 and

H(T(ζι̌ϱ̌σ̌)− T(ζ), ϖ1) → 0, as ι̌, ϱ̌, σ̌ → ∞.

Conversely,

J(T(ζι̌ϱ̌σ̌)− T(ζ), ϖ1) → 1,

G(T(ζι̌ϱ̌σ̌)− T(ζ), ϖ1) → 0 and

H(T(ζι̌ϱ̌σ̌)− T(ζ), ϖ1) → 0, as ι̌, ϱ̌, σ̌ → ∞.

then for, 0 < δ < 1, there exists (p, q, r) ∈ N× N× N like that

1−J(T(ζι̌ϱ̌σ̌)− T(ζ), ϖ1) < δ,

G(T(ζι̌ϱ̌σ̌)− T(ζ), ϖ1) < δ and

H(T(ζι̌ϱ̌σ̌)− T(ζ), ϖ1) < δ, for all ι̌ ≥ p, ϱ̌ ≥ q, σ̌ ≥ r.

It follows that,

J(T(ζι̌ϱ̌σ̌)− T(ζ), ϖ1) > 1− δ,

G(T(ζι̌ϱ̌σ̌)− T(ζ), ϖ1) < δ and

H(T(ζι̌ϱ̌σ̌)− T(ζ), ϖ1) < δ, for all ι̌ ≥ p, ϱ̌ ≥ q, σ̌ ≥ r

Thus, (ζι̌ϱ̌σ̌) ∈ 3B
c
ζ(δ,ϖ1)(T), for everyone ι̌ ≥ p, ϱ̌ ≥ q, σ̌ ≥ r.

Hence, ζι̌ϱ̌σ̌ → ζ. □

Theorem 4.12. A triple sequence ζ = (ζι̌ϱ̌σ̌) ∈ 3S
I
(J,G,H)(T) is I-convergent iff for

everyone ε0 > 0, ϖ1 > 0 there exists numbers p = p(ζ, ε0, ϖ1), q = q(ζ, ε0, ϖ1) and
r = r(ζ, ε0, ϖ1) like that,{

(p, q, r) ∈ N× N× N : J
(
T(ζpqr)− ξ, ϖ1

2

)
> 1− ε0 or

G
(
T(ζpqr)− ξ, ϖ1

2

)
< ε0 and H

(
T(ζpqr)− ξ, ϖ1

2

)
< ε0

}
∈ F(I3).
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Proof. Let I(J,G,H)
3 lim ζ = ξ and let ε0 > 0 and ϖ1 > 0. For ε0 > 0 to be given, choose

ϖ2 > 0 like that, (1− ε0)⊛ (1− ε0) > 1−ϖ2, ε0 ⊙ ε0 < ϖ2 and ε03ε0 < ϖ2.
We get, ζ ∈ 3S

I
(J,G,H)(T),

P =

{
(ι̌, ϱ̌, σ̌) ∈ N× N× N : J

(
T(ζι̌ϱ̌σ̌)− ξ, ϖ1

2

)
≤ 1− ε0 or

G
(
T(ζι̌ϱ̌σ̌)− ξ, ϖ1

2

)
≥ ε0 and H

(
T(ζι̌ϱ̌σ̌)− ξ, ϖ1

2

)
≥ ε0

}
∈ I3.

This implies

P c =

{
(ι̌, ϱ̌, σ̌) ∈ N× N× N : J

(
T(ζι̌ϱ̌σ̌)− ξ, ϖ1

2

)
> 1− ε0 or

G
(
T(ζι̌ϱ̌σ̌)− ξ, ϖ1

2

)
< ε0 and H

(
T(ζι̌ϱ̌σ̌)− ξ, ϖ1

2

)
< ε0

}
∈ F(I3).

Conversely, let p, q, r ∈ P . Then

J
(
T(ζpqr)− ξ,

ϖ1

2

)
> 1− ε0 or

G
(
T(ζpqr)− ξ,

ϖ1

2

)
< ε0 and

H
(
T(ζpqr)− ξ,

ϖ1

2

)
< ε0.

Now, we show that there exists p = p(ζ, ε0, ϖ1), q = q(ζ, ε0, ϖ1) and r = r(ζ, ε0, ϖ1)
like that,{

(ι̌, ϱ̌, σ̌) : J(T(ζι̌ϱ̌σ̌)− T(ζpqr), ϖ1) ≤ 1−ϖ2 or
G(T(ζι̌ϱ̌σ̌)− T(ζpqr), ϖ1) ≥ ϖ2 and H(T(ζι̌ϱ̌σ̌)− T(ζpqr), ϖ1) ≥ ϖ2

}
∈ I3.

Thus, for everyone ζ ∈ 3S
I
(J,G,H)(T) we consider

Q =

{
(ι̌, ϱ̌, σ̌) : J(T(ζι̌ϱ̌σ̌)− T(ζpqr), ϖ1) ≤ 1−ϖ2 or

G(T(ζι̌ϱ̌σ̌)− T(ζpqr), ϖ1) ≥ ϖ2 and H(T(ζι̌ϱ̌σ̌)− T(ζpqr), ϖ1) ≥ ϖ2

}
∈ I3.

Now, we show that Q ⊂ P .
Let Q ̸⊂ P then there exists (ι̌′, ϱ̌′, σ̌′) ∈ Q and (ι̌′, ϱ̌′, σ̌′) /∈ P .
Consequently, we get,

J(T(ζι̌′,ϱ̌′,σ̌′)− T(ζpqr), ϖ1) ≤ 1−ϖ2 orJ
(
T(ζι̌′,ϱ̌′,σ̌′)− ξ,

ϖ1

2

)
> 1− ε0.

In specific,
J
(
T(ζpqr)− ξ,

ϖ1

2

)
> 1− ε0.

Moreover, we get

1−ϖ2 ≥ J(T(ζι̌′,ϱ̌′,σ̌′)− T(ζpqr), ϖ1)

≥ J
(
T(ζι̌′,ϱ̌′,σ̌′)− ξ,

ϖ1

2

)
⊛J

(
T(ζpqr)− ξ,

ϖ1

2

)
≥ (1− ε0)⊛ (1− ε0) > 1−ϖ2,

which cannot be achieved. While on the other hand,

G(T(ζι̌′,ϱ̌′,σ̌′)− T(ζpqr), ϖ1) ≥ ϖ2 or G
(
T(ζι̌′,ϱ̌′,σ̌′)− ξ,

ϖ1

2

)
< ε0.

Particularly,
G
(
T(ζpqr)− ξ,

ϖ1

2

)
< ε0.

Therefore, we get

ϖ2 ≤ G(T(ζι̌′,ϱ̌′,σ̌′)− T(ζpqr), ϖ1)

≤ G
(
T(ζι̌′,ϱ̌′,σ̌′)− ξ,

ϖ1

2

)
⊙ G

(
T(ζpqr)− ξ,

ϖ1

2

)
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≤ ε0 ⊙ ε0 < ϖ2,

which is not possible.
Also, H(T(ζι̌′,ϱ̌′,σ̌′)− T(ζpqr), ϖ1) ≥ ϖ2 or H

(
T(ζι̌′,ϱ̌′,σ̌′)− ξ, ϖ1

2

)
< ε0.

Particularly, H
(
T(ζpqr)− ξ, ϖ1

2

)
< ε0.

Therefore we get,

ϖ2 ≤ H(T(ζι̌′,ϱ̌′,σ̌′)− T(ζpqr), ϖ1)

≤ H
(
T(ζι̌′,ϱ̌′,σ̌′)− ξ,

ϖ1

2

)
3H

(
T(ζpqr)− ξ,

ϖ1

2

)
≤ ε03ε0 < ϖ2,

which cannot be done. Thus, Q ⊂ P and we have, P ∈ I ⇒ Q ∈ I . □
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