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1. Introduction
The notion of cone metric space was introduced in [6]. Huang and Zhang

replaced the real numbers by ordering Banach space and defined cone metric space.
They also gave an example of function which is contraction in the category of cone
metric but not contraction if considered over metric spaces and hence by proving
fixed point theorem in cone metric spaces ensured that this map must have a unique
fixed point.
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Subsequently, Rezapour and Halbarani [14] omitted the assumption of normal-
ity in cone metric space. After that a series of articles in cone metric space started
to appear (see, [5, 8, 9, 11, 13, 16, 17, 18, 19] and references therein).

In [3], Bhaskar and Lakshmikanthan introduced the concept of mixed monotone
property and proved fixed point in partially ordered metric spaces. Then they have
evidenced coupled fixed point theorems for mappings that satisfy mixed monotone
property and applied their theorems to produce some applications in the problems
of existence and uniqueness of solution for a periodic boundary value problem.

In 2011, Beride et al. [2] introduced the definition of mixed monotone property
and the definition of tripled fixed point for mapping F : X×X×X → X and proved
tripled fixed point theorems for contractive type mappings having that property in
partially ordered metric spaces.

In this paper, we prove some tripled fixed point theorems under the concept of
c-distance by using the idea of F -invariant in N -cone metric spaces. Our results
have several consequences including generalisations of comparable results in the
literature (see, [1, 7, 10, 15] and references therein).

2. N-cone metric spaces
Let E be a real Banach space and P be a subset of E. P is called a cone if

(1) P is closed, nonempty and P ̸= {0};

(2) ax+ by ∈ P , for all x, y ∈ P and non-negative real numbers a, b;

(3) P ∩ (−P ) = {0}.

For a given cone P ⊆ E, we can define a partial ordering ≤ with respect to P by
x ≤ y if and only if y− x ∈ P , x < y will stand for x ≤ y but x ̸= y, while x << y
will stand for y − x ∈ intP , where intP denotes the interior of P .

The cone P is called normal if there is a number N > 0 such that for all
x, y ∈ E, ∥ x ∥≤ N ∥ y ∥. The least positive number satisfying the above is called
the normal constant of P .

The cone P is called regular if every increasing sequence which is bounded above
is convergent, that is, if {xn}n≥1 is a sequence such that x1 ≤ x2 ≤ · · · ≤ y for
some y ∈ E, there is x ∈ E such that limn→∞ ∥ xn − x ∥= 0. Equivalently, the
cone P is regular if and only if every decreasing sequence which is bounded below
is convergent.

Lemma 2.1. [14] Every regular cone is normal.

Definition 2.2. [9] Let X be a non-empty set. An N-cone metric space on X is
a function N : X3 → E, that satisfies the following conditions for all x, y, z, a ∈ X
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(1) N(x, y, z) ≥ 0;

(2) N(x, y, z) = 0 if and only if x = y = z;

(3) N(x, y, z) ≤ N(x, x, a) +N(y, y, a) +N(z, z, a).

Then, the function N is called an N-cone metric and the pair (X,N) is called an
N-cone metric space.

Proposition 2.3. [9] If (X,N) is an N-cone metric space for all x, y, z ∈ X, we
have N(x, x, y) = N(y, y, x).

Definition 2.4. [9] Let (X,N) be an N-cone metric space. Let {xn} be a sequence
in X and x ∈ X. If for every c ∈ E with 0 << c there is N such that for all
n > N , N(xn, xn, x) << c, then {xn} is said to be convergent. {xn} converges to
x and x is the limit of {xn}. We denote this by xn → x as (n → +∞).

Lemma 2.5. [9] Let (X,N) be an N-cone metric space and P be a normal cone
with normal constant k. Let {xn} be a sequence in X. If {xn} converges to x and
{xn} also converges to y then x = y. That is the limit of {xn}, if exists, is unique.
Definition 2.6. [9] Let (X,N) be an N-cone metric space and {xn} be a se-
quence in X. If for any c ∈ E with 0 << c there is N such that for m,n > N ,
N(xn, xn, xm) << c, then {xn} is called a Cauchy sequence in X.

Definition 2.7. [9] Let (X,N) be an N-cone metric space. If every Cauchy se-
quence in X is convergent in X, then X is called a complete N-cone metric space.

Lemma 2.8. [9] Let (X,N) be an N-cone metric space and {xn} be a sequence in
X. If {xn} converges to x, then {xn} is a Cauchy sequence.

Definition 2.9. [9] Let (X,N) and (X
′
, N

′
) be N-cone metric spaces. Then, a

function f : X → X
′
is said to be continuous at a point x ∈ X if it is sequentially

continuous at x, that is, whenever {xn} is convergent to x we have {fxn} is con-
vergent to fx.

Lemma 2.10. [9] Let (X,N) be an N-cone metric space and P be a normal cone
with normal constant k. Let {xn} and {yn} be two sequences in X and suppose
that xn → x, yn → y as n → +∞. Then N(xn, xn, yn) → N(x, x, y) as n → +∞.

Remark 2.11. [9] If xn → x in an N-cone metric space X, then every subsequence
of {xn} converges to x.

Proposition 2.12. [9] Let (X,N) be an N-cone metric space and P be a cone in
a real Banach space E. If u ≤ v, v << w, then u << w.
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Lemma 2.13. [9] Let (X,N) be an N-cone metric space and P be an N-cone in
a real Banach space E and k1, k2, k3, k4, k > 0. If xn → x, yn → y, zn → z and
pn → p in X and

ka ≤ k1N(xn, xn, x) + k2N(yn, yn, y)

+k3N(zn, zn, z) + k4N(pn, pn, p)

then a = 0.

Definition 2.14. [4] Let (X, d) be a cone metric space. A function q : X×X → E
is called a c-distance on X if the following conditions hold:

(1) 0 ≤ q(x, y) for all x, y ∈ X,

(2) q(x, y) ≤ q(x, y) + q(y, z) for all x, y, z ∈ X,

(3) for each x ∈ X and n ≥ 1, if q(x, xn) ≤ u for some u = ux ∈ P , then
q(x, y) ≤ u whenever {yn} is a sequence in X converging to point y ∈ X,

(4) for all c ∈ E with 0 ≪ c, there exist e ∈ E with 0 ≪ e such that q(z, x) ≤ e
and q(z, y) ≤ e imply d(x, y) ≪ c.

Lemma 2.15. [4] Let (X, d) be a cone metric space and q is a c-distance on X.
Let {xn} and {yn} be sequences in X and x, y, z ∈ X. Suppose that {un} is a
sequence in P converging to 0. Then the following hold:

(1) If q(xn, y) ≤ un and q(xn, z) ≤ un, then y = z.

(2) If q(xn, yn) ≤ un and q(xn, z) ≤ un, then {yn} converges to z.

(3) If q(xn, xm) ≤ un for m > n, then {xn} is a Cauchy sequence in X.

(4) If q(y, xn) ≤ un, then {xn} is a Cauchy sequence in X.

Definition 2.16. An element (x, y, z) ∈ X3 is to be a tripled point of a mapping
F : X3 → X if F (x, y, z) = x, F (y, x, y) = y and F (z, y, x) = z.

3. Fixed point theorems
In this section, we prove some tripled fixed point theorems under the concept

of c-distance by using the idea of F -invariant in an N -cone metric space.

Definition 3.1. Let (X,N) be an N-cone metric space and F : X3 → X be a given
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mapping. Let M be a non-empty subset of X6. We say that M is an F -invariant
subset of X6 if for x, y, z, w, e, s ∈ X, we have

F1(x, y, z, w, e, s) ∈ M ⇔ (s, e, w, z, y, x) ∈ M,

F2(x, y, z, w, e, s) ∈ M ⇒ (F (x, y, z), F (y, z, x),

F (z, x, y), F (w, e, s), F (e, s, w), F (s, w, e)) ∈ M.

Definition 3.2. Let (X,N) be an N-cone metric space endowed with a partial
order ≤. Let F : X3 → X be a mapping satisfying the mixed monotone property;
that is, for all x, y, z ∈ X, we have

x1, x2 ∈ X, x1 ≤ x2 ⇒ F (x1, y, z) ≤ F (x2, y, z),

y1, y2 ∈ X, y1 ≤ y2 ⇒ F (x, y1, z) ≥ F (x, y2, z),

and
z1, z2 ∈ X, z1 ≤ z2 ⇒ F (x, y, z1) ≤ F (x, y, z2).

Example 3.3. Let (X,N) be an N -cone metric space endowed with a partial
order ≤. Let F : X3 → X be a mapping satisfying the mixed monotone property;
that is, for all x, y, z ∈ X, we have

x1, x2 ∈ X, x1 ≤ x2 ⇒ F (x1, y, z) ≤ F (x2, y, z),

y1, y2 ∈ X, y1 ≤ y2 ⇒ F (x, y1, z) ≥ F (x, y2, z),

and
z1, z2 ∈ X, z1 ≤ z2 ⇒ F (x, y, z1) ≤ F (x, y, z2).

Define the subset M ⊆ X6 by

M = {(a, b, c, d, e, s) : d ≤ a, b ≤ e, s ≤ c}.

Then M is F -invariant of X6.

Theorem 3.4. Let (X,N) be a complete N-cone metric space and q be a c-distance
on X. Let M be a nonempty subset of X6 and F : X3 → X be a function such that

q(F (x, y, z), F (x∗, y∗, z∗)) + q(F (y, z, x), F (y∗), z∗, x∗)

+q(F (z, x, y), F (z∗), x∗, y∗) ≤ k(q(x, x∗) + q(y, y∗) + q(z, z∗)) (3.1)

for some k ∈ [0, 1) and all x, y, z, x∗, y∗, z∗ ∈ X with (x, y, z, x∗, y∗, z∗) ∈ M or
(x∗, y∗, z∗, x, y, z) ∈ M . If M is F invariant and there exist x0, y0, z0 ∈ X such
that

(F (x0, y0, z0), F (y0, z0, x0), F (z0, x0, y0), x0, y0, z0) ∈ M,
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then F has a tripled fixed point (u, v, w). Furthermore, if (u, v, w, u, v, w) ∈ M ,
then q(u, u) = 0, q(v, v) = 0 and q(w,w) = 0.
Proof. Since F (X × X × X) ⊆ X, we can construct three sequences {xn}, {yn}
and {zn} in X such that

xn = F (xn−1, yn−1, zn−1), yn = F (yn−1, zn−1, xn−1)

zn = F (zn−1, xn−1, yn−1) (3.2)

for all n ∈ N. Since

(F (x0, y0, z0), F (y0, z0, x0), F (z0, x0, y0), x0, y0, z0) = (x1, y1, z1, x0, y0, z0) ∈ M

and M is an F -invariant set, we get

(F (x1, y1, z1), F (y1, z1, x1), F (z1, x1, y1), F (x0, y0, z0),

F (y0, z0, x0), F (z0, x0, y0)) = (x2, y2, z2, x1, y1, z1) ∈ M.

Again, using the fact that M is an F -invariant set, we have

(F (x2, y2, z2), F (y2, z2, x2), F (z2, x2, y2), F (x1, y1, z1),

F (y1, z1, x1), F (z1, x1, y1)) = (x3, y3, z3, x2, y2, z2) ∈ M.

By repeating the argument similar to the above, we get

F (xn−1, yn−1, zn−1), F (yn−1, zn−1, xn−1), F (zn−1, xn−1, yn−1),

F (xn−1, yn−1, zn−1) = (xn, yn, zn, xn−1, yn−1, zn−1) ∈ M

for all n ∈ N. From (3.1), we have

q(xn, xn+1) + q(yn, yn+1) + q(zn, zn+1)

= q(F (xn−1, yn−1, zn−1), F (xn, yn, zn))

+ q(F (yn−1, zn−1, xn−1, F (yn, zn, xn)) + q(F (zn−1, xn−1, yn−1, F (zn, xn, yn))

≤ k(q(xn−1, xn) + q(yn−1, yn) + q(zn−1, zn)). (3.3)

We repeat the above process for n-times, we get

q(xn, xn+1) + q(yn, yn+1) + q(zn, zn+1)

≤ kn(q(x0, x1) + q(y0, y1) + q(z0, z1)). (3.4)
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Put qn = q(xn, xn+1) + q(yn, yn+1) + q(zn, zn+1). Then from (3.4) we have

qn ≤ knq0. (3.5)

Let m,n ∈ N with m > n. Then we have

q(xn, xm) ≤ q(xn, xn+1) + q(xn+1, xn+2) + · · ·+ q(xm−1, xm),

q(yn, ym) ≤ q(yn, yn+1) + q(yn+1, yn+2) + · · ·+ q(ym−1, ym),

and
q(zn, zm) ≤ q(zn, zn+1) + q(zn+1, zn+2) + · · ·+ q(zm−1, zm).

Then we have

q(xn, xm) + q(yn, ym) + q(zn, zm)

= qn + qn+1 + · · ·+ qm−1

≤ knq0 + kn+1q0 + · · ·+ km−1q0

= (kn + kn+1 + · · ·+ km−1)q0

= kn(1 + k + k2 + · · ·+ km−1−n)q0

≤ kn

1− k
q0. (3.6)

From (3.6) we have

q(xn, xm) ≤
kn

1− k
q0 → 0, n → +∞,

q(yn, ym) ≤
kn

1− k
q0 → 0, n → +∞

and

q(zn, zm) ≤
kn

1− k
q0 → 0, n → +∞.

Thus, by Lemma 2.15(3), {xn}, {yn} and {zn} are Cauchy sequences in X. Since
X is complete, there exist u, v and w ∈ X such that xn → u, yn → v and zn → w
as n → ∞. Then

q(xn, u) ≤
kn

1− k
q0, (3.7)

q(yn, v) ≤
kn

1− k
q0 (3.8)
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and

q(zn, w) ≤
kn

1− k
q0. (3.9)

On the other hand, we can get

q(xn, F (u, v, w)) + q(yn, F (v, w, u)) + q(zn, F (w, u, v))

= q(F (xn−1, yn−1, zn−1), F (u, v, w)

+ q(F (yn−1, zn−1, xn−1, F (v, w, u))

+ q(F (zn−1, xn−1, yn−1, F (w, u, v))

≤ k(q(xn−1, u) + q(yn−1, v) + q(zn−1, w))

≤ k(
kn−1

1− k
q0 +

kn−1

1− k
q0 +

kn−1

1− k
q0)

=
3kn

1− k
q0. (3.10)

Therefore

q(xn, F (u, v, w)) ≤ 3kn

1− k
q0, (3.11)

q(xn, F (v, w, u)) ≤ 3kn

1− k
q0 (3.12)

and

q(xn, F (w, u, v)) ≤ 3kn

1− k
q0. (3.13)

Also, from (3.7), we have

q(xnu) ≤
kn

1− k
q0 ≤

3kn

1− k
q0. (3.14)

Then by Lemma 2.15(1), (3.11) and (3.14), we have u = F (u, v, w). Also, v =
F (v, w, u) and w = F (w, u, v). Therefore, (u, v, w) is a tripled fixed point of F .
Finally we assume that (u, v, w, u, v, w) ∈ M . We have

q(u, u) + q(v, v) + q(w,w))

= q(F (u, v, w), F (u, v, w)

+q(v, w, u, F (v, w, u)) + q(w, u, v, F (w, u, v))

≤ k(q(u, u) + q(v, v) + q(w,w)).

Since 0 ≤ k < 1, by Lemma 2.15(1), we have q(u, u) + q(v, v) + q(w,w) = 0.
But q(u, u) ≥ 0, q(v, v) ≥ 0 and q(w,w) ≥ 0. Hence, q(u, u) = 0, q(v, v) = 0 and
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q(w,w) = 0.

Theorem 3.5. Let (X,N) be a complete N-cone metric space and q be a c-distance
on X. Let M be a nonempty subset of X6 and F : X3 → X be a function such that

q(F (x, y, z), F (x∗, y∗, z∗)) + q(F (y, z, x), F (y∗), z∗, x∗)

+q(F (z, x, y), F (z∗), x∗, y∗) ≤ k(q(x, x∗) + q(y, y∗) + q(z, z∗))

for some k ∈ [0, 1) and all x, y, z, x∗, y∗, z∗ ∈ X with (x, y, z, x∗, y∗, z∗) ∈ M or
(x∗, y∗, z∗, x, y, z) ∈ M . Suppose that for any three elements x, y and z ∈ X, we
have (x, y, z, x, y, z) ∈ M or (y, z, x, y, z, x) ∈ M or (z, x, y, z, x, y) ∈ M . Then the
tripled fixed point has the form (u, u, u), where u ∈ X.
Proof. From theorem 3.4, there exists a tripled fixed point (u, v, w) ∈ X3. There-
fore

u = F (u, v, w), v = F (v, u, w), w = F (w, u, v).

Moreover, q(u, u) = 0, q(v, v) = 0 and q(w,w) = 0 if (u, v, w, u, v, w) ∈ M . From
the additional hypothesis, we have (u, v, w, u, v, w) ∈ M or (v, w, u, v, w, u) ∈ M
or (w, u, v, w, u, v) ∈ M . By (3.1), we get

q(u, v) + q(w, u) + q(v, w)

= q(F (u, v, w), F (v, w, u)

+ q(F (w, u, v), F (u, v, w))

+ q(F (v, w, u), F (w, u, v))

≤ k(q(u, v) + q(v, w) + q(w, u)). (3.15)

Since M is an F -invariant set, (w, v, u, w, v, u) ∈ M . By applying the contractive
condition, we have (u, v, w, u, v, w) ∈ M or (v, w, u, v, w, u) ∈ M or (w, u, v, w, u, v) ∈
M . By (3.1), we get

q(w, v) + q(u,w) + q(v, u))

= q(F (w, u, v), F (v, w, u)

+q(F (u, v, w), F (w, u, v))

+q(F (v, w, u), F (u, v, w))

≤ k(q(u, v) + q(v, w) + q(w, u)).

Since 0 ≤ k < 1, we get that q(u, v) + q(w, u) + q(v, w) = 0. Therefore, q(u, v) =
0, q(w, u) = 0 and q(v, w) = 0. We also have q(u, u) = 0, q(w,w) = 0 and q(v, v) =
0. Let un = 0 and xn = u. Then

q(xn, u) ≤ un
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and
q(xn, v) ≤ un.

Then by Lemma 2.15(1), we have u = v. Also, we have u = w and w = v.By using
the same way for the arrangement in (3.15), we have the same results. Therefore,
the triple fixed point of F has the form (u, u, u).

Theorem 3.6. Let (X,N) be a complete N-cone metric space and q be a c-distance
on X. Let M be a nonempty subset of X6 and F : X3 → X be a function such that

q(F (x, y, z), F (x∗, y∗, z∗)) + q(F (y, z, x), F (y∗), z∗, x∗)

+q(F (z, x, y), F (z∗), x∗, y∗) ≤ k(q(x, x∗) + q(y, y∗) + q(z, z∗))

for some k ∈ [0, 1) and all x, y, z, x∗, y∗, z∗ ∈ X with (x, y, z, x∗, y∗, z∗) ∈ M or
(x∗, y∗, z∗, x, y, z) ∈ M .
Also, suppose that

(i) there exist x0, y0, z0 ∈ X such that

(F (x0, y0, z0), F (y0, z0, x0), F (z0, x0, y0), x0, y0, z0) ∈ M,

(ii) if three sequences {xn}, {yn} and {zn} with (xn+1, yn+1, zn+1, xn, yn, zn) ∈ M
for all n ∈ N and xn → x, yn → y and zn → z, then (x, y, z, xn, yn, zn) ∈ M
for all n ∈ N.

IfM is an F invariant set, F has a tripled fixed point. Furthermore, if (u, v, w, u, v, w) ∈
M , then q(u, u) = 0, q(v, v) = 0 and q(w,w) = 0.
Proof. We can construct three Cauchy sequences {xn}, {yn} and {zn} in X such
that

xn, yn, zn, xn−1, yn−1, zn−1 ∈ M

for all n ∈ N. Moreover, we from the assumption xn → u, yn → v and zn → w
where u, v, w ∈ X.Therefore, by the assumption, we have (u, v, w, xn, yn, zn) ∈ M .
Since F is continuous,taking n → +∞ in (3.2), we get

lim
n→+∞

xn+1 = lim
n→+∞

F (xn, yn, zn) = F ( lim
n→+∞

xn, lim
n→+∞

yn, lim
n→+∞

zn) = F (u, v, w),

lim
n→+∞

yn+1 = lim
n→+∞

F (yn, zn, xn) = F ( lim
n→+∞

yn, lim
n→+∞

zn, lim
n→+∞

xn) = F (v, w, u),

and

lim
n→+∞

zn+1 = lim
n→+∞

F (zn, xn, yn) = F ( lim
n→+∞

zn, lim
n→+∞

xn, lim
n→+∞

yn) = F (w, u, v).
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By the uniqueness of the limits, we have u = F (u, v, w), v = F (v, w, u) and w =
F (w, u, v). Therefore, (u, v, w) is a tripled fixed point of F . We can also prove
q(u, u) = 0, q(v, v) = 0 and q(w,w) = 0 as in case of Theorem 3.4.

Example 3.7. Consider a mapping F : X3 → X by F (x, y, z) = 3x+2y+z
12

for
all (x, y, z) ∈ X3. Let M = X6. Then M is an F -invariant set. Assume that
x, y, z, x∗, y∗, z∗ ∈ X with (x, y, z, x∗, y∗, z∗) ∈ M or (x∗, y∗, z∗, x, y, z) ∈ M . Since
M is F -invariant, there exist x0, y0, z0 ∈ X such that

(F (x0, y0, z0), F (y0, z0, x0), F (z0, x0, y0), x0, y0, z0) ∈ M.

Now, applying the contractive condition we have

q(F (x, y, z), F (x∗, y∗, z∗)) + q(F (y, z, x), F (y∗), z∗, x∗) + q(F (z, x, y), F (z∗), x∗, y∗)

= (F (x∗), y∗, z∗), F (x∗), y∗, z∗)) + (F (y∗), z∗, x∗), F (y∗), z∗, x∗))

+(F (z∗), x∗, y∗), F (z∗), x∗, y∗))

= (
3x∗ + 2y∗ + z∗

12
,
3x∗ + 2y∗ + z∗

12
) + (

3y∗ + 2z∗ + x∗

12
,
3y∗ + 2z∗ + x∗

12
)

+(
3z∗ + 2x∗ + y∗

12
,
3z∗ + 2x∗ + y∗

12
)

=
1

2
(x∗, x∗) + (y∗, y∗) + (z∗, z∗)

≤ k(q(x, x∗) + q(y, y∗) + q(z, z∗)),

where k = 2
3
∈ [0, 1). Hence, all the conditions of Theorem 3.4 are satisfied.

Therefore, F has a tripled fixed point. It is easy to say that (0, 0, 0) is the tripled
fixed point of F .

Acknowledgment
The authors express gratitude to the referee for their insightful feedback and

recommendations, which substantially enhanced the quality of this manuscript.

References

[1] Babu G. V. R., Alemayehu G. N. and Vara Prasad K. N. V. V., Common
fixed point theorems of generalised contraction, Zamfnescu pair of maps in
cone metric spaces, Albenian J. Math., 4 (2010), 19-29.

[2] Berinde V. and Borcut M., Tripled fixed point theorems for contractive type
mappings in partially ordered metric spaces, Nonlinear Anal., 74 (2011),
4889-4897.



166 South East Asian J. of Mathematics and Mathematical Sciences

[3] Bhaskar T. G. and Lakshmikanthan V., Fixed point theorems in partially
ordered metric spaces and applications, Nonlinear Anal., 74 (2006), 1379-
1393.

[4] Cho Y. J., Kadelburg Z., Saadati R. and Shatanawi W., Coupled fixed point
theorems under weak contractions, Discrete Dyn. Nat. Soc., 47 (2012),
doi:10.1155/2012/184534.

[5] Debnath P., Konwar N., Stojan R., Metric fixed point theory: Applications in
science, engineering and behavioural sciences, Springer: Berlin/Heidelberg,
Germany, 05 January, 2022. https://doi.org/10.1007/978-981-16-4896-0.

[6] Huang L. G. and Xian Z., Cone metric space and fixed point theorems of
contractive mappings, J. Math. Anal. Appl., 332 (2007) 1468-1476.

[7] Jankovic S., Kodelburg Z. and Stojan R., On cone metric space spaces: A
survey, Nonlinear Anal., 4(7) (2011), 2591-2601.

[8] Jerolina F., Geeta M. and Neeraj M., Some fixed point theorems for contrac-
tive maps in N-cone metric spaces, Math. Sci., 9 (2015), 33-38.

[9] Malviya N., Fisher B., N-cone metric space and fixed points of asymptotically
regular maps, Accepted in Filomat J. Math., (Preprint).

[10] Mujahid A., Rhoades B. E., Fixed and periodic point results in cone metric
spaces, Appl. Math., Lett., 22 (2009), 511-515.

[11] Mustafa Z. and Sims B., Some remarks concerning D-metric space, Proceed-
ings of Int. Conference on Fixed Point Theory and Applications, Valencia
(Spain), July 2003, 189-198.

[12] Mustafa Z. and Sims B., A new approach to generalised metric space, J.
Nonlinear Convex Anal., 7(2) (2006), 289-297.

[13] Nashie H. K., Yumnam R. and Thokchom C., Common coupled fixed-point
theorems of two mappings satisfying generalized contractive condition in cone
metric space, Int. J. Pure Appl. Math., 106 (2016), 791-799.

[14] Rezapour Sh. and Hamlbarani R., Some notes on the paper Cone metric
spaces and fixed point theorems of contractive mappings, Math. Anal., 345
(2008), 719-724.



Tripled Fixed Point Theorems in N-cone metric space under F -invariant set 167

[15] Stojan R., Common fixed point under contractive conditions in cone metric
spaces, Comput. Math. Appl., 58 (2009) 1273-1278.

[16] Thokchom C. and Yumnam R., Triple fixed-point theorems for mappings
satisfying weak contraction under F-invariant set, Int. J. Pure Appl. Math.,
105 (2015) 811-822.

[17] Thokchom Chhatrajit and Yumnam Rohen, A comparative study of rela-
tionship among various types of spaces, Int. J. Pure Appl. Math., 28 (2015)
29-36.

[18] Thokchom C. and Yumnam R., Some results on T-stability of Picard’s iter-
ation, Springer Plus, 2016 5:284, DOI 10.1186/s40064-016-1939-5.

[19] Vesna T., Harmonic quasiconformal mappings and hyperbolic type metrics,
Springer International Publishing, 2019. https://doi.org/10.1007/978-3-030-
22591-9.



168 South East Asian J. of Mathematics and Mathematical Sciences

Th
is
pa
ge
in
te
nt
io
na
lly
lef
t b
la
nk
.


