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Abstract. The Banach spaces mp(φ) and np(φ) are very important se-

quence spaces related to lp, which were defined to fill the gaps between lp
(1 ≤ p ≤ ∞). In this paper, we investigated the solubility of the infinite

system of differential equations in mp(φ) and np(φ) by proving related the-

orems. Moreover, one example has been included for the justification of
the claim of this paper.
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1. Introduction

Differential equations have been used in various fields to model real-world
problems. Therefore, the examination of its solubility in different situations be-
come essential. In the past recent years, the researcher examined the solubility
of diverse kinds of differential equations in numerous situations. Bougoffa and
Khanfer [5] examined the solubility of the solution of the second-order nonlin-
ear differential equation with the nonlocal boundary conditions. A system of
countably infinite differential equations or simply infinite systems of differential
equations (ISDEs) have lots of applications in various fields such as; branching
processes [3], neural nets [6], dissociation of polymers [8], parabolic differential
equations investigation [24, 25]. Moreover, several problems appeared in the
mechanics laid down by the help of ISDEs [20, 19, 26]. Therefore, the exami-
nation of its solubility in different situations become essential. Since, almost all
times, the provided experimental data-sets are discreet nature; thus, the role of
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the sequence spaces comes into the picture. This implies, every problem of IS-
DEs embellished to some sequence space. In the past, different sequence spaces
and the solubility of the ISDEs has been checked viz. lp, c0, bvp by Mursaleen
[11, 16, 18], Banas [1], Mursaleen and Mohiuddin [17], Demiriz [7], Benchohra
et al. [4], Khan [12], Khan and Mursaleen [13] etc. But, the solubility of IS-
DEs in one space does not imply its solubility in other space. Therefore, in
this paper, we examine the solubility of ISDEs in the Banach spaces mp(φ) and
np(φ) which were defined to fill the gaps between the lp (1 ≤ p ≤ ∞) as well
as to preserve its some mathematical properties [21]. Due to close relation of
mp(φ) and np(φ) with the traditional lp space, researchers studied these spaces
in different aspects. Tripathy and Sen [23], generalized these spaces and studied
its mathematical properties. Again, in [22], Tripathy et al. generalized mp(φ)
and np(φ) spaces in fuzzy environment by using Orlicz function. Later, in [9],
Karakas et al. proved mp(φ) and np(φ) are BK spaces in its general form and
studied its geometrical properties such as Banach-Saks property. Recently, in
[10], Khan et al., extended these spaces into double sequences and proved both
are BK spaces; moreover, they applied the extended double sequences to cluster
existing real-world data-sets.

Throughout the paper, by ω, we represent the set of all sequences. Further-
more, for a linear metric space X, we called sequence (bn)∞n=1 a Schauder basis
of X, if for any x ∈ X there exist a unique scalars sequence (λn)∞n=1 such that
x =

∑∞
n=0 λnbn.

Let C be the collection of sets of the positive integers. For any given element
σ of C, by c(σ) we denote the sequence {cn(σ)} which is defined as cn(σ) = 1 if
n ∈ σ else cn(σ) = 0. Further, let

Cs =

{
σ ∈ C :

∞∑
n=1

cn(σ) ≤ s
}
,

be the set of those σ whose support has cardinality at most s, and

Φ =

{
φ ∈ ω : φ1 > 0,∆φn ≥ 0 and ∆

(
φn
n

)
≤ 0, n = 1, 2, · · ·

}
,

where ∆φn = φn − φn−1 and φ0 = 0.

Then, for φ ∈ Φ, the sequence spaces mp(φ) and np(φ) [21, 16, 18] are defined
as:

mp(φ) =

{
x ∈ ω : sup

s≥1
sup
σ∈Cs

(
1

φs

∑
n∈σ
|xn|p

)
<∞

}
(1)

np(φ) =

{
x ∈ ω : sup

u∈S(x)

( ∞∑
n=1

|un|p∆φn
)
<∞

}
(2)
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The sequence spaces mp(φ) and np(φ) are closely related to the lp sequence
space and are dual of each other in the sense of Kothe and Toipletz [21]. Some
interesting inclusion relations among mp(φ) and np(φ) and lp can be found in
[21]. Let us discuss some important inclusion relations in the form of following
Lemma (1.1);

Lemma 1.1 (Sargent [21, ]). For the Sequence spaces mp(φ), np(φ) and lp we
have;

(i) mp(φ) and np(φ) both are the BK spaces with their associated norms.
(ii) If φn = p = 1 (n = 1, 2, 3, ....) then mp(φ) = l1 [np(φ) = l∞] and if

φn = n (n = 1, 2, 3, ....), p = 1 then mp(φ) = l∞ [np(φ) = l1].
(iii) l1 ⊆ mp(φ) ⊆ l∞ [l1 ⊆ np(φ) ⊆ l∞] for all φ ∈ Φ.
(iv) For any φ ∈ Φ, mp(φ) 6= lp [np(φ) 6= lq], 1 < p <∞.

2. Measures of non-compactness

In this section, we recall some basics of the measures of non-compactness in a
general metric space (X, d). By Mc(X) we denote the class of bounded subsets
of (X, d). Further, let M(X) and N(X) are the subsets of (X, d). Then, N(X)
is called a ε-net of M(X), if for each m ∈M(X) there exist n ∈ N(X) such that
d(m,n) < ε i.e. every element of M(X) can be approximated by an element
of N(X) within ε-net. The ε-net N(X) of M(X) is said to be finite if N(X)
is finite and then M(X) is said to be totally bounded. For metric space (X, d)
and an open boll B(x0, r) = {x ∈ X : d(x0, x) < r}, the Hausdorff measure of
non-compactness χ of subset E ∈Mc(X) is defined as [17]:

χ(E) = {ε > 0 : E ⊂ ∪ni=1B(xi, ri), xi ∈ X, ri < ε(i = 1, 2, · · · ), n ∈ N0}

or in other words

χ(E) = inf{ε > 0 : E has ε− net in X}.

Moreover, for further study of this paper, let us state the following Lemma (2.1);

Lemma 2.1 (Mursaleen and Mohiuddine [17, ]). If X is normed space then for
bounded subsets E1, E2 and E3 of X, we have;

(i) χ(E) = 0⇔ E is totally bounded.
(ii) E1 ⊂ E2 ⇒ χ(E1) ≤ χ(E2).
(iii) χ(E1 + E2) ≤ χ(E1) + χ(E2).
(iv) χ(αE) = |α|χ(E) ∀ α ∈ C.

A linear operator L between Banach spaces X and Y is said to be (χ1, χ2)-
bounded (where χ1, χ2 are the Hausdorff measure of non-compactness of X and
Y ) if for all E ∈ Mc(X), L(E) ∈ Mc(Y ) there exist constant c ≥ 0 such that
χ2(L(E)) ≤ cχ1(E). Moreover, if L is (χ1, χ2)-bounded. Then, ‖L‖(χ1,χ2) is
called (χ1, χ2)-measure of non-compactness of L and is defined as:

‖L‖(χ1,χ2) = inf{c ≥ 0 : χ2(L(E)) ≤ cχ1(E), ∀ E ∈ Mc(X)}.
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For the case of χ1 = χ2 = χ we have;

‖L‖(χ1,χ2) = ‖L‖χ. (3)

Moreover, L is said to be compact if and only if

‖L‖χ = 0. (4)

Now, for each x ∈ X and n ∈ N, the operator Pn : X → X such that
Pn(x) =

∑n
k=0 αk(x)bk, is called projector onto the linear span {b0, b1, · · · , bn}

(see [17]).

Moreover, let us state the following two very important theorem useful for
this study;

Theorem 2.2 (Malkowsky and Rakocević [14, 15, ]). Let X be a Banach space
and (bk) is the Schauder basis of X and E be the subset of Mc(X). Again let
Pn : X → X is the projector onto the linear span with {b0, b1, · · · , bn}. Then,
we have;

1

a
lim
n→∞

sup

(
sup
x∈Q
‖(I − Pn)(x)‖

)
≤ χ(E) ≤ lim

n→∞
sup

(
sup
x∈Q
‖(I − Pn)(x)‖

)
.

Theorem 2.3 (Malkowsky and Rakocević [14, 15, ]). Let E be the bounded
subset of the Banach space lp (1 ≤ p ≤ ∞). If Pn : lp → lp be the projector

defined by Pn(x) = x[n] = (x0, x1, · · · , xn, 0, 0, · · · ) for all x ∈ lp. Then, we
have;

χ(E) = lim
n→∞

(
sup
x∈E
‖(I − Pn)(x)‖lp

)
.

If E ∈Mc(lp), then

χ(E) = lim
n→∞

sup
x∈E

∑
k≥n

|xk|p
 .

In this paper, we used the theory of measures of non-compactness into ex-
amining the existence of solutions of infinite system of differential equations in
the Banach spaces mp(φ) and np(φ). In the view of Lemma (1.1), the spaces
mp(φ) and np(φ) are closely related to lp. But, for any φ ∈ Φ, mp(φ) 6= lp and
np(φ) 6= lq for each 1 < p, q < ∞ (1/p + 1/q = 1). This implies, our results is
totally different than the results obtained for lp by Mursaleen and Mohiuddin
[17] and Banas and Lecko [1]. Moreover, we also find out the sufficient condition
of the solubility of an infinite system of differential equations in mp(φ) and np(φ).

As, in [14, 15], Theorem (2.2) has been proved for the general Banach spaces.
But, it is necessary to prove Theorem 2.3 for the Banach spaces mp(φ) and
np(φ).
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Theorem 2.4. Let E be the bounded subset of the Banach space mp(φ)[np(φ)].
If Pn : mp(φ)[np(φ)]→ mp(φ)[np(φ)] be the projector defined by Pn(x) = x[n] =
(x0, x1, · · · , xn, 0, 0, · · · ) for all x ∈ mp(φ)[np(φ)]. Then, we have;

χ(E) = lim
n→∞

(
sup
x∈E
‖(I − Pn)(x)‖mp(φ)[np(φ)]

)
.

If E ∈Mc(m
p(φ)), then,

χ(E) = lim
n→∞

sup
x∈E

sup
s≥1

sup
σ∈Cs

(
1

φs

∑
n∈σ, k≥n

|xk|p
 .

and If E ∈Mc(n
p(φ)), then,

χ(E) = lim
n→∞

(
sup
x∈E

(
sup

u∈S(x)

∞∑
n=1

|un|p∆φn

))
.

Proof. Let E be a bounded subset of mp(φ) and Pn be a projection mapping
then, we have;

E ⊂ PnE + (1− Pn)E. (5)

Now, by using Lemma (2.11), and Theorem (2.12), (2.36) of [15] in Eq. (5), we
have;

χ(E) ≤ χ(PnE) + χ((I − Pn)E) = χ((I − Pn)E) ≤ sup
x∈E
‖(I − Pn)(x)‖lp

⇒ χ(E) ≤ sup
x∈E
‖(I − Pn)(x)‖lp . (6)

The inequality χ(E) ≤ sup
x∈E
‖(I − Pn)(x)‖lp holds for each 1 ≤ p <∞. Thus,

from Lemma (1.1), for each φ ∈ Φ, there exist p ∈ (1,∞) such that mp(φ) ⊂ lp.
Therefore, Eq. (6) can be written as:

χ(E) ≤ sup
x∈E
‖(I − Pn)(x)‖mp(φ). (7)

Also, since the limit of the right hand side of Eq. (7) exist, we can write it as:

χ(E) ≤ lim
n→∞

sup
x∈E
‖(I − Pn)(x)‖mp(φ). (8)

Moreover, let Z = {z1, z2, · · · , zk} be a [χ(E) + ε]-net of E. Then, for all x ∈ E
there exist z ∈ {z1, z2, · · · , zk} and t ∈ BX such that x = z + [χ(E) + ε]t. This
implies,

sup ‖(I − Pn)(x)‖mp(φ)

≤ sup ‖(I − Pn)(zi)‖mp(φ) + [χ(E) + ε] ∀ x ∈ E, 1 ≤ i ≤ k (9)

⇒ lim
n→∞

sup
x∈E
‖(I − Pn)(x)‖mp(φ) ≤ χ(E) + ε (10)
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By combining Eq. (7) and (10), we have;

χ(E) = lim
n→∞

(
sup
x∈E
‖(I − Pn)(x)‖mp(φ)

)
(11)

or

χ(E) = lim
n→∞

sup
x∈E

sup
s≥1

sup
σ∈Cs

(
1

φs

∑
n∈σ, k≥n

|xk|p
 . (12)

As, mp(φ) and np(φ) are Kothe Toeplitz dual of each other i.e. np(φ) = {xn ∈
ω :
∑
n |xnyn| <∞, ∀ xn ∈ mp(φ)} thus, for E ∈Mc(n

p(φ)), we have;

χ(E) = lim
n→∞

(
sup
x∈E

(
sup

u∈S(x)

∑∞
n=1 |un|p∆φn

))
. �

3. Existence of the solution of ISDEs

Before going to our main results to discuss the solubility of the infinite systems
of differential equations in the Banach sequence space mp(φ)[np(φ)]. Let us take
an ordinary differential equation given as:

x
′

= f(t, x) with initial condition x(0) = x0. (13)

The existence results of Eq. (12) have been discussed in [1, 2]. Moreover,
Theorem (3) we have borrowed from [1, 2] which is stated as follows:

Theorem 3.1 (Banaś and Lecko, Banaś and Sadarangani [1, 2, ]). Let X be a
Banach space with norm ‖.‖ and B[x0, s] is the closed ball in X with center x0

and radius s. Again let I be the interval such that I = [0, T ], T > 0. Let us
assume a function f : I ×X → X such that:

‖f(t, x)‖ ≤ C1 + C2‖x‖ (14)

where x ∈ X and C1, C2 are the non negative constants. Let f is uniformly
continuous in I1 × B[x0, s], here s = (C1T1 + C2T1‖x0‖)/(1 − C2T1) and I1 =
[0, T1] ⊂ I, C2T1 < 1. Also, assume that for every nonempty subset Y ⊂ B[x0, s]
and for almost all t ∈ I. Then, we have;

µ(f(t, Y )) ≤ q(t)µ(Y ) (15)

where q(t) is an integrable function on I and µ is the sublinear measure of non-
compactness such that {x0} ∈ Ker µ. Then, Eq. (12) has a solution x ∈ X with
{x(t)} ∈ Ker µ, t ∈ I1; where, Ker µ = {E ∈ Mc(X) : µ(E) = 0} is the kernel
of measure µ.

Remark 3.1. For a special case, when µ = χ then the requirement of f of
uniform continuity can be replaced by simple continuity.

Now, for the study of the solvability of the infinite systems of differential
equations in Banach space mp(φ), we means the existence of the solution of
x(t) = (xi(t)) in the interval I = [0, T ] such that x(t) ∈ mp(φ) and t ∈ I.

x
′

i = fi(t, x0, x1, x2, x3, · · · ), xi(0) = (xi)0, i = 1, 2, · · · (16)
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The existence theorem for Eq. (15) in the Banach space m(φ) can be establish
by making the following assumptions:

Assumption 1. xo = (xi)0 ∈ mp(φ).

Assumption 2. The mapping fi : I × R∞ → R continuously maps the set
I ×mp(φ) into mp(φ).

Assumption 3. There exist two nonnegative functions qi(t) and ri(t) on I
such that

|fi(t, x)| = |fi(t, x0, x1, x2, x3, · · · )|p ≤ qi(t) + ri(t)|xi|p

where, t ∈ I, (xi) ∈ mp(φ).

Assumption 4. qi(t) are continues in I and 1
φs

∑
i∈σ

qi(t) is uniformly convergent

in I.

Assumption 5. ri(t) is equibounded in I and r(t) = lim
i→∞

sup
i∈σ

(ri(t)) is in-

tegrable in I.

Theorem 3.2. Under the assumptions (i)-(v), the system of infinite order dif-

ferential equations x
′

i = fi(t, x0, x1, x2, x3, · · · ) with initial condition xi(0) =
(xi)0 defined in I = [0, T ] has a solution x(t) = xi(t) in the Banach space
mp(φ), whenever, C2T < 1, here C2 = sup

i∈σ
(ri(t)).

Proof. Let x(t) ∈ mp(φ) for each t in I. Now, we have;

‖f(t, x)‖mp(φ) = sup
s≥1

sup
σ∈Cs

(
1
φs

∑
i∈σ
|f(t, x)|p

)

≤ sup
s≥1

sup
σ∈Cs

1
φs

∑
i∈σ

[qi(t) + ri(t)|xi|p] (using assumption-iii)

≤ sup
s≥1

sup
σ∈Cs

1
φs

∑
i∈σ

qi(t) + sup
i∈σ

(ri(t))

(
sup
s≥1

sup
σ∈Cs

1
φs

∑
i∈σ
|xi|p

)

≤ C1 + C2‖x‖mp(φ); C1 = sup
t∈I

(
sup
s≥1

sup
σ∈Cs

1
φs

∑
i∈σ

qi(t)

)
.

Again in the view of Theorem (3.1), let s = (C1T + C2T‖x0‖)/(1 − C2T ).
Consider the operator f = (fi) defined in the set I ×B[x0, s] and let Y be a set
in M(mp(φ)). Then, by using Theorem (2.4), we have;
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χ(f(t, Y )) = lim
n→∞

(
sup
x∈Y

(
sup
s≥1

sup
σ∈Cs

(
1
φs

∑
i∈σ,i≥n

|fi(t, x0, x1, x2, x3, · · · )|p
))

≤ lim
n→∞

(
sup
s≥1

sup
σ∈Cs

1
φs

∑
i∈σ,i≥n

qi(t) + sup
i∈σ,i≥n

(ri(t))

(
sup
s≥1

sup
σ∈Cs

1
φs

∑
i∈σ,i≥n

|xi|p
))

.

Thus, by assumption (iv) and (v), we have;

χ(f(t, Y )) ≤ r(t)χ(Y )

This implies, the operator f satisfies the conditions of Theorem (3.1). There-
fore, in the view of Theorem (3.1) and Remark (3.1), there exist a solution
x = x(t) of Eq. (16) in the Banach space mp(φ). �

4. Illustrative Example

Consider a countably infinite system of differential equations give as follows;

d

dt
(xn(t)) =

n
√
t

n2
+
t sin(t)xm(t)

m2
xn(0) = (xn)0, m ≥ n = 1, 2, · · · , t ∈ I = [0, T ].

(17)
Here, m and n are two independent indices of the sequence such that for each
n, m can be any indices greater than or equal to n. Now, from assumption-1,

xn(0) = (xn)0 ∈ mp(φ). Also, it is easy to prove that the two functions
n√t
n2 and

t sin(t)xm(t)
m2 are continuous in I. Now, for any sequence φ ∈ Φ, we have;

sup
s≥1

sup
σ∈Cs

(
1
φs

∑
i∈σ
|f(t, x)|p

)
= sup

s≥1
sup
σ∈Cs

(
1
φs

∑
m∈σ
|
n√t
n2 + t sin(t)xm(t)

m2 |p
)

≤ sup
s≥1

sup
σ∈Cs

(
1
φs

∑
m∈σ

n√t
n2

)
+ sup
s≥1

sup
σ∈Cs

(
1
φs

∑
m∈σ
| t sin(t)xm(t)

m2 |p
)
.

It is easy to prove that 1
φs

∑
i∈σ

n√t
n2 converges uniformly to Tπ2

6 in I. Thus we have

sup
s≥1

sup
σ∈Cs

(
1

φs

∑
i∈σ
|f(t, x)|p

)
≤ Tπ2

6
+

t

m2
sup
s≥1

sup
σ∈Cs

(
1

φs

∑
m∈σ
|xm(t)|p

)
≤ Tπ2

6
+ T‖x(t)‖mp(φ).

Thus, for each t ∈ I, xi(t) ∈ mp(φ) implies fi(t, x(t)) ∈ mp(φ) (it is to be noted
that xi(t) ∈ mp(φ) ; xi(t) ∈ lp). Again, for ε > 0 and xi(t), yi(t) ∈ mp(φ) such
that ‖xi(t)− yi(t)‖mp(φ) < δ, we have
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‖fi(t, x(t))− fi(t, x(t))‖mp(φ) ≤
t‖(xi(t)−yi(t)‖mp(φ)

m2 ≤ tδ
m2 = ε.

Thus, fi : I × R∞ → R continuously maps the set I × mp(φ) into mp(φ).
Moreover, we have

|fn(t, xi(t))|p = |
n√t
n2 + t sin(t)xi(t)

m2 |p ≤
√
t

n2 + t
m2 |xi(t)|p = qi(t) + ri(t)|xm(t)|p

where, qi(t) =
√
t

n2 , ri(t) = t
m2 .

Obviously, the functions qi(t) and 1
φs

∑
i∈σ

qi(t) are continuous and uniformly

convergent in I respectively. Also, ri(t) is equibounded in I, and the limit of
r(t) = lim

i→∞
sup
i∈σ

(ri(t)) is integrable in I. Thus, by using Theorem (3.2), Eq. (16)

has a solution in mp(φ). By using np(φ) = {xn ∈ ω :
∑
n |xnyn| < ∞, ∀ xn ∈

mp(φ)}. We can similarly prove the existence of the solution in np(φ).

5. Conclusion

In this paper, we examined the solubility of the infinite system of differential
equations in the Banach spaces mp(φ) and np(φ) by proving the necessary theo-
rems. Moreover, as mp(φ) and np(φ) both are defined to fill the gaps between lp.
Thus, our result is different than other discussed works. In concluding remark,
the established mathematical results of this paper can also be used to address
the solubility of the perturbed diagonal infinite system of differential equations;

x
′

i = hi(t)xi + fi(t, x0, x1, x2, x3, · · · ), xi(0) = (xi)0, (i = 1, 2, · · · ).

by making the following assumptions:

Assumption 1. xo = (xi)0 ∈ mp(φ)[np(φ)].

Assumption 2. The mapping fi : I × R∞ → R continuously maps the set
I ×mp(φ)[np(φ)] into mp(φ)[np(φ)].

Assumption 3. there exist two nonnegative functions qi(t) such that

|fi(t, x)|p = |fi(t, x0, x1, x2, x3, · · · )|p ≤ qi(t)
where, t ∈ I, (xi) ∈ mp(φ)[np(φ)].

Assumption 4. qi(t) are continues in I, and 1
φs

∑
i∈σ

qi(t) is uniformly con-

vergent in I.

Assumption 5. |hi(t)| is equibounded in I, and r(t) = lim
i→∞

sup
i∈σ
|hi(t)| is inte-

grable in I.
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15. E. Malkowsky and V. Rakocević, An introduction into the theory of sequence spaces and
measures of noncompactness, Zbornik radova (2000), no. 17, 143–234.

16. M. Mursaleen, Some geometric properties of a sequence space related to l (p), Bulletin of
the Australian Mathematical Society 67 (2003), no. 2, 343–347.

17. M. Mursaleen and S.A. Mohiuddine, Applications of measures of noncompactness to the

infinite system of differential equations in p spaces, Nonlinear Analysis: Theory, Methods
& Applications 75 (2012), no. 4, 2111–2115.

18. Mohammad Mursaleen, Application of measure of noncompactness to infinite system of
differential equations, Can. Math. Bull 56 (2013), no. 2, 388–394.

19. K.P. Persidski, Countable systems of differential equations and stability of their solutions
iii: Fundamental theorems on stability of solutions of countable many differential equations,

Izv. Akad. Nauk Kazach. SSR 9 (1961), 11–34.
20. K.P. Persidskii, Countable systems of differential equations and stability of their solutions,

Izv. Akad. Nauk Kazach. SSR 7 (1959), 52–71.



Existence of the solution of countably infinite system of differential equations 339

21. W.L.C. Sargent, Some sequence spaces related to the lp spaces, Journal of the London

Mathematical Society 1 (1960), no. 2, 161–171.
22. B.C. Tripathy, N.L. Braha, and A.J. Dutta, A new class of fuzzy sequences related to the

lp space defined by orlicz function, Journal of Intelligent & Fuzzy Systems 26 (2014), no. 3,

1273–1278.
23. B.C. Tripathy and Mausumi Sen, On a new class of sequences related to the space lp,

Tamkang Journal of Mathematics 33 (2002), no. 2, 167–172.

24. A Voigt, Line method approximations to the cauchy problem for nonlinear parabolic dif-
ferential equations, Numerische Mathematik 23 (1974), no. 1, 23–36.

25. W. Walter, Differential and integral inequalities. translated by lisa rosenblatt and lawrence

shampine, Springer-Verlag, 1970.
26. O.A. Zautykov and K.G. Valeev, Infinite systems of differential equations, Izdat.

Akad.Nauka Kazach SSR, Alma-Ata (1974).

Mohd Shoaib Khan received masters degree in Mathematics from Department of Math-

ematics, Aligarh Muslim University, India, in 2014 also qualified CSIR-JRF (AIR-66). He
is currently a senior research fellow in Department of Mathematics at South Asian Univer-

sity, India. His research interests are Intuitionistic fuzzy metric spaces, Intuitionistic fuzzy

operators, and Summability theory.

Department of Mathematics, South Asian University, New Delhi, India.

e-mail: shoaibkhanamu@gmail.com

Izhar Uddin received masters and Ph.D. degree in Mathematics from Department of

Mathematics, Aligarh Muslim University, India. He is currently an assistant professor at

Jamia Millia Islamia a central University since 2014. His research interests are Fixed point
theory, Matrix transformation and Operator theory.

Department of Mathematics, Jamia Millia Islamia, New Delhi,India.
e-mail: Izharuddin.rm@gmail.com

Q.M. Danish Lohani received PhD degree from Department of Mathematics, Aligarh

Muslim University, India, in 2009. He has been working as an assistant professor in the
Department of Mathematics, South Asian University, India since 2012. His research interest

is in the field of fuzzy and intuitionistic fuzzy metric spaces, type-2 fuzzy sets theory,

summability and approximation.

Department of Mathematics, South Asian University, New Delhi, India.

e-mail: danishlohani@gmail.com




