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Abstract - Fixed point methods form a cornerstone of contemporary nonlinear analysis. Their systematic study began with
Banach’s contraction principle in 1922 [1], which provided a rigorous criterion for the existence and uniqueness of invariant
points in metric settings. This landmark idea has since inspired a wide spectrum of investigations, resulting in increasingly
generalized frameworks and refined contractive assumptions. In this study, we introduce novel extensions of fuzzy type TK;
- contraction and TK, contraction mapping within the context of fuzzy cone metric spaces and establish new fixed point
theorems to support these developments.

Keywords - Fuzzy cone metric space, Fuzzy type TK; - contraction and Fuzzy type TK, contraction mapping, Fixed point,
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1. Introduction

Fixed point theory, due to its wide applications in mathematics and applied sciences, forms a central framework in
nonlinear analysis. It originates from Banach’s contraction theorem (1922), which firmly established the existence and
uniqueness of fixed points in complete metric spaces. This fundamental result has inspired extensive research, leading to
various generalizations and refinements under wider contraction conditions.

In 2007, Huang and Zhang [2] introduced the concept of cone metric spaces and established several fixed point results
for contractive mappings within this framework. Their work inspired further research, leading to various extensions and
generalizations in cone metric spaces (see [3—14]).

Parallel to these developments, fuzzy set theory, originally introduced by Zadeh [15], was further extended to metric-
type structures by Kramosil and Michalek [16] via the concept of fuzzy metric spaces. Within this framework, Gregori and
Sapena [17] established several fixed point theorems of contractive type in complete fuzzy metric spaces. Subsequently,
numerous researchers have contributed to the advancement of fixed point theory in fuzzy metric spaces (see [ 18-23]).

Recently, Oner et al. [24] introduced the concept of fuzzy cone metric spaces as a natural generalization of fuzzy metric
spaces. They established several fundamental properties of this structure and proved a Banach contraction theorem under the
assumption of the existence of a Cauchy sequence.

Furthermore, Bag T. [25] proposed an alternative approach to fuzzy cone metric spaces and, within this framework,
obtained fixed point results for fuzzy T-Kannan and fuzzy T-Chatterjea type contraction mappings. Subsequently, a number
of researchers have contributed to the development of this theory by extending and refining the fuzzy cone version of the
Banach contraction principle, leading to various generalized fixed point theorems in fuzzy cone metric spaces (see [26—30]
for further details and related results).

The main objective of the present work is to establish new fixed point theorems for fuzzy-type generalized TK
contraction mappings in Fuzzy Cone Metric (FCM) spaces. The results presented herein not only generalize but also improve
several existing fixed-point theorems available in the literature, particularly those reported in [25].
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2. Basic Fundamental Tools
We now introduce several key definitions and concepts essential for our analysis.

Definition 2.1[15]:
(i) A function x: [0,1] = R is called a fuzzy real number.
(i1) A fuzzy real number x is convex if, foralls <t < r,
x(t)=n (x(s).x(r))
Definitions 2.2[25]:
The a-level set of fuzzy real number x is defined as
[x]e ={t ER:x(t) = a},a € [0,1].

If there exists t, € R such that x(t,) = 1, then x is said to be normal. For the 0 < « < 1, x-level set of an upper semi-
continuous, convex, normal fuzzy real number 7, denoted by [n],, is a closed interval [a, , b, ], where end points a, and b,
are admissible in the extended real sense., i.e.a, = —o and b, = +0.

A fuzzy real number x is called non-negative if x(t) = 0,V t < 0.

Definition 2.3 [25]: A subset P ¢ E*(I) is called a fuzzy cone if
(a) P is non-empty, fuzzy closed, and P # {0}.
(b) Foranya,b=0,and n,6 EP = an @ bs € P.

Definition 2.4[25]: Let F € E*(I) be s fuzzy cone. A partial ordering < definedon Fbyn < § © § @ n € F. We write
n< éifn< § butn # §,and n K §if § ©n € Int F, where Int F denotes the interior of F.A fuzzy cone P is called
normal if there exists k > 0 such that, for all x,y € E,

O<lxl<lyl=lxli<klyl.
The smallest positive numberk satisfying this property is the normal constant P.

A fuzzy cone P is regular if every increasing sequence bounded from above converges. Specifcally,. if {x,} € E satifies
Hx <l oy I 23 Il = vee oo e e L 2, ISN y |l fOr some y € E,
then there exists x € E such that || x,, — x [[- 0 asn — oo.

Definition 2.5[25]: Let X be a non-empty set, and let d: X X X — E*(I) be a mapping satisfying:
(Fdy).d(x,y) = 0and (x,y) =0iff x=y;,Vx,y €X.

(Fdy).d(x,y) =d(y,x),Vx,y €X;

(Fd3).d(x,y) < d(x,2)®d(z,y)Vx,y €X.

Then d is called a fuzzy cone metric, and the pair (X, d) is termed a fuzzy cone metric space.

Definition 2.6[25]: Let (X, d) be a fuzzy cone metric space and let {x,,} be a sequence in X, x € X, then a sequence {x,} C

X converges to x € X if, ¢ € E with 0 < || ¢ |l, there exists N > 0 such that d(x,, x) < |l ¢ |l, for all n > N. Denote
lim x, = x.

n-—-oo

Definition 2.7[25]: Let (X, d) be a fuzzy cone metric space and let {x,,} be a sequence in X, then a sequence {x,} € X is
Cauchy if, for every ¢ € E with 0 < || ¢ ||, there exists N > 0 such that d (x,, x,;,) <l c |I, for all n.m > N.

Definition 2.8[25]: A fuzzy cone metric space (X, d) is complete if every Cauchy sequence is convergent in X.
Definition 2.9][25]: Let (X, d) have normal fuzzy cone and {x,,} be a sequence in X. Then

(1) {x,}convergesto x if f d(x,,x) = 0asn — .
(ii)  {x,}is a Cauchy sequence iff d(x,, x,;) = 0 as m,n — .

Definition 2.10[30]: A fuzzy mapping T: X — F(X) is called fuzzy fixed point at x € X if € [T,], , where « € (0,1).

Definition 2.11[25]: Let (X, d) be a fuzzy cone metric space and T, R : X — X be two functions. Then a mapping R is said
to be fuzzy TK; contraction if there is a constant b € [0, %] such that

d(TRx,TRy) < a[ d(Tx,TRx) @ d(Ty,TRy)],Vx,y €X.
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3. Main Results

The following result extends and improves Theorem 3.1 of [28].

Theorem 3.1: Let (X, d) be a complete fuzzy cone metric space, P be a normal fuzzy cone, with fuzzy normal Constant K.
Let T: X — X be a one-to-one, continuous function, and @, R: X — X be a pair of TK; — contraction. Then

(1) Forevery x, € X
lim d(T Q?P*1x,,TQ?**2x,) = 0

p—©

and

lim d(TR?*1x,,TR**3x,) =0

p—o0o

(i1) There exists v € X such that

limT Q?P*1x, = v = lim TR?P*%x,,.

p—)w p—)w
(i) If T is sub-sequentially convergent, then (Q?’*1x,) and (R?’*2x,) have a convergent subsequence.

(iv) There is a unique common fixed point u € X such that
Qu =u = Ru.

(v) If there is a sequentially convergent sequence, then for each x, € X the iterate sequences (Q%P*1x, ) and (R**2x, )
converges to U .

Proof: - Let x, € X. Then we define the iterate sequences (x,p41) and (xz,42) by
x2p+2 = Qx2p+1 = Q2p+1x0
and
— R21f7+2x0

Xop+3 = Rx2p+1

Since Q and R are a pair of TK; - contractions: we have
d(Tx2p+1' Tx2p+2) = d(TQXZp' TQx2p+1)
< a[d(Tx,p, TQx4p) D d(Tx2p41, TQX2p41)]
< a [d(Txyp, Txops1) D d(Txap 41, TXops2)] (3.1.1)
Similarly
d(Tx2p+2' Tx2p+3) = d(TRx2p+1: TRx2p+2)
< a[d(Tx2p41,TRX p42) D d(Txap12 TRX2p42)]
< a[d(Tx2p41,Tx2p12) B A(Txp12) Txopyss)] (3.1.2)
From (3.1.1) and (3.1.2), it follow that
d(Tx2p+1,Tx2p+2) < ﬁ d(szp_szpH)
and

d(Tx2p+2'Tx2p+3) < % d(Tx2p+1,Tx2p+2)

Now, we conclude by repeating the process, and we get

a 2p+1
d(TQ?*1x, , TQ?*? x,) < (E) d(Tx, , TQx,) (3.1.3)
and
@ \2P+2
d(TR?*+2x, , TR?*3 x,) < (E) d(Txy , TRX,) (3.1.4)

Since the cone P is normal with a constant of E*(I)., we obtain

2p+1 2p+2 a |2+t
I d(TQ*P* xy , TQ*P™* x) Il < (E) K Il d(Txo,TQxo) Il.
Letting p — oo and using. ﬁ < 1, we conclude that

lim || d(TQ?**1x,,TQ**2 x,) Il = 0.

p—0

Hence

49



Surendra Kumar Tiwariet al. / IJMTT, 72(4), 47-54, 2026

lim d(TQ%**1x,,TQ?**2 xy) =0 (3.1.5)
pow©
Similarly,
lim d(TR?**2x, ,TR***3 x,) =0 (3.1.6)

p—®©

So (i) is proved.

By inequality (3.1.3), for every p,q € N with g > p, we have
d (TX2p+1, Tx2q+1) S d (Tx2p+1, Tx2p+2) + A + d (szq, Tx2q+1)

< [ (L)ZPH P (ﬁ)zq] d(Tx, , TQX,)

1-a
a \2pt1 1
= (E) .@ d(TXO ,TQXO).
Therefore,
2p+1
d (Txzps1 Thzqe1) < (55) @ d(Tx, , TQx,) (3.1.7)
1-a

From (3.1.7), we have
2p+1 2q+1 a \2P*1 K
1d(TQ?* 1, , TQ2* x) < (1) e 14(Txo, TQx)II, (3.1.7)

1-a 1_(1—a)

where K is the normal constant of E*(I).

Taking limit as q,p — oo and by ﬁ < 1, we get
lim || d(TQ?**1x,,TQ?*7%! x,)|| = 0.
p,q —00

In this way, we have

lim d(TQ?*'x,,TQ?**! x,) = 0.
p,q —00

Hence (TQ?P*1x,) is a Cauchy sequence in X. Since X is a complete 3 v € X such that
lim TQ?P*1x, = v. (3.1.8)

So (ii) holds. b
Now, if T is subsequently convergent, then the sequence ( Q??*1x, ) has a convergent subsequence. So there are u € X and
(x(2p+1))i such that

lim Q@PH iy, = y (3.1.9)

1L >0

Since T is continuous and by (3.1.7), we obtain
limT Q@PVix) = Tu (3.1.10)

i >0

From (3.1.8) and (3.1.10), we conclude that
Tu=v
So (iii) holds.

On the other hand
d(TQu,Tu) <d(TQu,TQ@P*Vix)) @ d(TQ®*Vix,, TQEPHII x,)
@ d( TQ(2p+1)i+1 Xy ,Tu)
< [d(Tu,TQu) @ d(TQ®EP*Vix,, TQ@P+Vix )]

(2p+1)i '
® (%) d(T xy, Tx0) ® ATQEP* D+ 1y, Tw)
Hence,
il j i 1/ a \@p+DI
d(TQu,Tu) < (%) d (TQ@*V1 x,, TQ@* Vi %y ) @ 7 () d(TQ xo,Txo)

1-a \1-a
@ ﬁ d (TQ(2p+1)i+1 Xo ,Tu )

Since K is the normal constant of E*(I). We have
. _ «
1d(TQu,Tw)|| < ﬁ K||d (TQ@P+Vi+1 x TQ@P DI x )| @ X
fas) ﬁ ”d (TQ(2p+1)i+1 Xy, Tu ) ” 0,85 - oo,

()™ acrex,Tx)

1-a
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Using the contractive condition and taking limits, we deduce
d(TQu,Tu) = 0.

Which implies that the inequality
TQu = Tu.

Since T is one-one, then Qu = u. Thus, u is a fixed point of Q.

Because Q is TK; — contraction, we have

=a[d(Tu,Tu) ® d(Tv, Tv)]
If v is another fixed point of Q, then from the injectivity, we get

Qu = Qv

Or, which is the same, the fixed point is unique. Finally, if T is sequentially convergent, by replacing (2p + 1) for (2p + 1)i,
we conclude that
lim Q?P*1x, = u

p—)oo
This shows that (Q?P*1x, ) converges to the fixed point of Q.

Similarly, we can prove that (R?P*2x, ) converges to the fixed point of R.
lim Q?P*1x, = u = lim R?P*2x,.

p—)w p—»oo
Hence, u is the unique common fixed point of Q and R. This completes the proof.

Example 3.2: Let X = C([0,1], R) and let define a fuzzy cone metric d: X X X - E*(I) by d(x,y) = |lx — yll. e,
wherel||lx — vy, = trél[oa)f]lx(t) —y(t)], e is a fixed element of fuzzy cone P, and K is a normal constant P. Then (X,d) is a

complete fuzzy cone metric space. Define mappings T, @, R: X = X by
(T)(®) = x(8), (Q)(t) = 7 x(¢), and
(Rx)(t) =< x(t), vt € [0,1].
Since T is one-to-one and continuous. So, for any x,y € X, we have
d(TQx,TQy) = d(Qx, Qy)
=[5x=l, e
=-d(x,).
Similarly
d(TRx,TRy) = d(Rx, Ry)
-t
=2d(x,y).
Hence Q and R satisfy the TK-contraction mappings with constant =% and o =% respectively. Therefore, all
hypothesis of Theorem 3.1 are satisfied and u(t) = 0 unique common fixed point.

4. Applications
In this section, we apply Theorem 3.1 to establish the existence and uniqueness of solutions of a first-order differential
equation and nonlinear boundary problems.

4.1. Application to First-Order Differential Equations

Let us consider

EO — 7(t,x(t)),t € [0;1] , and x(0) = 0 (4.1.1)

dac

where T:[0,1] X R = R is continuous and satisfies the Lipschitz condition
IT(t,uw) —T(tv)|<Klu—-v|,0<K<1.
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Define an operator Q: X — X by (4.1.1), can be written as
QL)) = fotT(s,x(s))ds, where x(t) = fOtT(s,x(s))ds.

Suppose X = C([0,1], R) with identity mapping T: X — X. Then
d(TQx,TQy) = |lQx — tolloo
< sup [, IT(s,x(s)) = T(s,y(s))lds
te[0,1]

< Kllx = ylle.

Since K < 1 and an operator Q is TK-contraction. So, all the conditions of Theorem 3.1 are satisfied. Hence Q admits a
unique fixed point u € X such that,

u(t) = fOtT(s,u(s))ds.

Differentiating both sides yields

2O = 7(t,u()), ¢ € [0;1] , and u(0) = 0.

a
Therefore, u(t) is the unique solution of the given initial value.

4.2. Application to Nonlinear Boundary value Problems
Let us consider the nonlinear boundary value problem.

xX"(t) = T(t,x(t), t € [0,1]

x(0) =0,x(1) =0, (4.2.1)

where T:[0,1] X R — R is continuous and satisfies the Lipschitz condition
IT(t,u) —T(t,v)| <Klu—v|,0<K < 1.
Now, using the Green function.
t(l—-s),0<t<s<1
G(t,s) =

s(1—t),0<s<t<1. (4.2.2)

But by (4.2.1),
x(t) = folG(t, S)T(s,x(s))ds . (4.2.3)

Then, we define an operator Q: X — X by

@@ = fol G(t, )T (s, x(s))ds.
Then for all x,y € X
d(TQx,TQy) < K|lx — ylle ts&pl]lG(t, )| ds
€[o,

% Kd(x,y).
Since % < 1, and Q is TK-contraction. So, by Theorem 3.1, Q has a unique fixed point u € X.

5. Conclusion

In this paper, we establish Theorem 3.1, which generalizes and strengthens Theorem 3.1 of [28] within the framework
of fuzzy cone metric spaces. The result is obtained under comparatively mild conditions, namely the completeness of the
fuzzy cone metric space, the normality of the underlying fuzzy cone, and the existence of a one-to-one continuous mapping
along with a pair of TK-contractive mappings. To illustrate the effectiveness of the theorem, several applications have been
presented in the framework of fuzzy cone metric spaces, including first-order initial value problems and nonlinear boundary
value problems.

Acknowledgements

The Authors would like to thank anonymous reviewers for their comments on the manuscript, which helped us very
much in improving and presenting the original version of this paper.

52



Surendra Kumar Tiwariet al. / IJMTT, 72(4), 47-54, 2026

Conflict of Interest
Concerning the title of this object, the originators confirm that there is no contradiction.

References

[1] Stefan Banach, “On Operations in Abstract Sets and their Application to Integral Equations,” Fundamenta Mathematicae, vol. 3, no.
1, pp. 133-181, 1922. [Google Scholar]

[2] Haung Long-Guang, and Zhang Xian, “Cone Metric Spaces and Fixed Point Theorems of Contractive Mappings,” Journal of
Mathematical Analysis and Applications, vol. 332, pp. 1468-1476, 2007. [CrossRef] [Google Scholar] [Publisher Link]

[3] Sh. Rezapour, and R. Hamlbarani, “Some Notes on the Paper “Cone Metric Spaces and Fixed Point Theorems of Contractive
Mappings”,” Journal of Mathematical Analysis and Applications, vol. 345, no. 2, pp. 719-724, 2008. [CrossRef] [Google Scholar]
[Publisher Link]

[4] M. Abhas, and G. Jungek, “Common Fixed Point Results for Non-commuting Mappings without Continuity in Cone Metric Space,”
Journal of Mathematical Analysis and Applications, vol. 341, no. 1, pp. 416-420, 2008. [CrossRef] [Google Scholar] [Publisher Link]

[5] Jose R. Morales, and Edixon Rojas, “Cone Metric Spaces and Fixed Point Theorems of T-Kannan Contractive Mappings,” arXiv
Preprint, 2009. [CrossRef] [Google Scholar] [Publisher Link]

[6] A.K. Dubey, S.K. Tiwari, and R.P. Dubey, “Cone Metric Spaces and Fixed Point Theorems of Generalized T-Kannan Contractive
Mappings,” Americal Journal of Mathematics and Mathematical Science, vol. 2, no. 1, pp. 31-37, 2013. [Google Scholar]

[7] S.K. Tiwari, and R.P. Dubey, “Cone Metric Spaces and Fixed Point Theorems for Generalized T-Reich and T- Rhoades Contractive
Mappings,” Asian Journal of Mathematics and Applications, 2013. [Google Scholar] [Publisher Link]

[8] S.K. Tiwari, and R.P. Dubey, “Cone Metric Spaces and Common Fixed Point Results of Generalized Contractive Mappings,”
International Journal of Mathematical Science & Applications, vol. 4, no. 1, pp. 99-107, 2014. [Publisher Link]

[9] Kaushik Das, and Surendra Kumar Tiwari, “Generalized T-Hardy Rogers Contraction Theorems in Cone Metric Spaces with c-
Distance,” International Journal of Recent Scientific Research, vol. 10, no. 2-E, pp. 30968-30971, 2019. [Google Scholar] [Publisher
Link]

[10] Shantanu Bhaumik, and Surendra Kumar Tiwari, “General Coupled Fixed Point Theorems for a Nonlinear Contractive Condition in
a Cone Metric Spaces,” Eurasian Mathematical Journal, vol. 9, no. 3, 2018. [Google Scholar] [Publisher Link]

[11] A.K. Dubey, S.K. Tiwari, and R.P. Dubey, “Cone Metric Spaces and Fixed Point Theorems of Generalized T-Contractive Mappings,”
International Journal of Pure and Applied Mathematics, vol. 84, no. 4, pp. 353-363, 2013. [CrossRef] [Google Scholar] [Publisher
Link]

[12] Devendra Yadav, and Surendra Kumar Tiwari, “New Results of Common Fixed Point Theorems for T-Contraction type Mappings in
Cone Metric Spaces with c-Distances,” Journal of Ramanujans Society of Mathematics and Mathematical Sciences, vol. 9, no. 2, pp.
185-198, 2022. [Google Scholar] [Publisher Link]

[13] Suresh Kumar Sahini et al., “Relative Strength of Common Fixed Point Theorem of Self Mappings Satisfying Rational Inequalities
of Real Values Generalized Complete Metric Spaces,” Equations, vol. 4, 2024. [CrossRef] [Google Scholar] [Publisher Link]

[14] Surendra Kumar Tiwati, Anand Mohan Dubey, and A.V. Senthil Kumar, “Study of Generalized a-Admissible Modified Almost Z-
contractions via Simulations Functions,” Communications on Applied Nonlinear Analysis, vol. 32, no. 10s, pp. 2217-2231, 2025.
[CrossRef] [Publisher Link]

[15] L.A. Zadeh, “Fuzzy Set,” Information and Control, vol. 8, pp. 338-353, 1965. [CrossRef] [Google Scholar] [Publisher Link]

[16] Ivan Kramosil, and Jiri Michalek, “Fuzzy Metric and Statistical Metric Spaces,” Kybernetica, vol. 11, no. 5, pp. 326-334, 1975.
[Google Scholar] [Publisher Link]

[17] Valentin Greogori, and Almanzor Sapena, “On Fixed Point Theorems in Fuzzy Metric Spaces,” Fuzzy Sets and Systems, vol. 125, no.
2, pp. 245-252,2002. [CrossRef] [Google Scholar] [Publisher Link]

[18] Penumarthy Parvateesam Murthy, Sanjay Kumar, and Kenan Tas, “Common Fixed Points of Self Map Satisfying and Internal type
Contractive Condition in Fuzzy Metric Spaces,” Mathematical Communications, vol. 15, no. 2, pp. 521-537, 2010. [Google Scholar]
[Publisher Link]

[19] Sharafat Hussain, and Maria Samreen, “A Fixed Point Theorems Satisfying and Integral type Contraction in Fuzzy Metric Spaces in
Fuzzy Metric Space,” Results in Fixed Point Theory and Applications, 2018. [Publisher Link]

[20] Rakesh Tiwari, Vladimir Rakocevic, and Shraddha Rajput, “Fixed Point Results in Controlled Fuzzy Metric Spaces with Application
to Dynamic Market Equilibrium,” Kybernetika, vol. 58, no. 3, pp. 335-353, 2022. [CrossRef] [Google Scholar] [Publisher Link]

[21] Dhananjay Gopal, Juan Martinez-Moreno, and Nihal Ongur, “On Fixed Point Figure Problems in Fuzzy Metric Spaces,” Kybernetika,
vol. 59, no. 1, pp. 110-129, 2023. [CrossRef] [Google Scholar] [Publisher Link]

[22] Dhananjay Gopal, Juan Martinez-Moreno, and Rosana Rodriguez-Lopez, “Asymptotic Fuzzy Contractive Mapping in Fuzzy Metric
Spaces,” Kybernetik, vol. 60, no. 3, pp. 394-411, 2024. [CrossRef] [Google Scholar] [Publisher Link]

[23] S.K. Tiwari, and R. Agrawal, “Relative Strength of Common Fixed Point Results for Two Self Mapping in Fuzzy Metric Space,”
Mikailsys Journal of Mathematics and Statistics, vol. 3, no. 1, pp. 81-91, 2025. [Google Scholar] [Publisher Link]

[24] Tarkan Oner, Mustafa Burc Kandemir, and Bekir Tanay, “Fuzzy Cone Metric Spaces,” Journal of Nonlinear Science and Application,
vol. 8, pp. 610-616, 2015. [Google Scholar] [Publisher Link]

53


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sue+les+Operatons+Dans+les+Ensembles+Abstraits+et+leur+Application+Aux+Equations+Itegrales&btnG=
https://doi.org/10.1016/j.jmaa.2005.03.087
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Cone+Metric+Spaces+and+Fixed+Point+Theorems+of+Contractive+Mappings&btnG=
https://d1wqtxts1xzle7.cloudfront.net/53144493/bai4-libre.pdf?1494925352=&response-content-disposition=inline%3B+filename%3DCone_metric_spaces_and_fixed_point_theor.pdf&Expires=1777032457&Signature=HjyXFfOuY~6ocNfIEQ9uzSyt2BevywqwGgtXWOZDrD~zcpXDOm0cptz6Dmx4-FX9bw3TwehAnsLBvBFPfZV5M-FxdPyTO35qM3aGB81JUslOoQujSK3O0jqS0jW6EbY5HYzXVdKh0IHvsSrYLZvzY5rSrp2lX0NAcJKH0AG5i2WTk4uz0wAQyOIGykjywsQIrsP24~gHI3-wWiroj~--u~zIPzrJ5~3d~xfHwMLvUANV-1mFjF3gs19tDctUMXIs1EjX0lYzKscKqlurkHWkFmaYCunFoSbE2V-fv~ZnVFHP10vzvh4WyWTvJpqfyG3AR~UnL6SztzCWulZbTFeFhQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.1016/j.jmaa.2008.04.049
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Some+Notes+on+the+Paper.+%E2%80%9CCone+Metric+Spaces+and+Fixed+Point+Theorems+of+Contractive++Mappings%E2%80%99%E2%80%99&btnG=
https://www.sciencedirect.com/science/article/pii/S0022247X08004472
https://doi.org/10.1016/j.jmaa.2007.09.070
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Common+Fixed+Point+Results+for+Non-commuting+Mappings+without+Continuity+in+Cone+Metric+Space&btnG=
https://www.sciencedirect.com/science/article/pii/S0022247X07011675
https://doi.org/10.48550/arXiv.0907.3949
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Cone+Metric+Spaces+and+Fixed+Point+Theorems+of+T-Kannan+Contractive+Mappings&btnG=
https://arxiv.org/abs/0907.3949
https://scholar.google.com/scholar?q=Cone+Metric+Spaces+and+Fixed+Point+Theorems+of+Generalized+T-Kannan+Contractive++Mappings&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Cone+Metric+Spaces+and+Fixed+Point+Theorems+for+Generalized+T-Reich+and+T-+Rhoades+++Contractive+Mappings&btnG=
https://scienceasia.asia/files/77.pdf
https://ijmsa.yolasite.com/vol-4-no-1-2014.php
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Generalized+T-Hardy+Rogers+Contraction+Theorems+in+Cone+Metric+Spaces+with+c-Distance&btnG=
https://recentscientific.com/generalized-t-hardy-rogers-contraction-theorems-cone-metric-spaces-c-distance
https://recentscientific.com/generalized-t-hardy-rogers-contraction-theorems-cone-metric-spaces-c-distance
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=General+Coupled+Fixed+Point+Theorems+for+a+Non+linear+Contractive+Condition+in+a+Cone+Metric+Spaces&btnG=
https://emj.enu.kz/index.php/main/article/view/122
http://dx.doi.org/10.12732/ijpam.v84i4.5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Cone+Metric+Spaces+and+Fixed+Point++Theorems+of+Generalized+T-Contractive+Mappings+under+Distance&btnG=
https://d1wqtxts1xzle7.cloudfront.net/90456301/ce8e4fda5846bab7e18d89552fd1a7262021.pdf?1738526571=&response-content-disposition=inline%3B+filename%3DCone_metric_spaces_and_fixed_point_theor.pdf&Expires=1777029198&Signature=bBMzgxUO28Gy2xnYZE3mTudpFyoZBL2gu~~B56-1FwXiV6E2wPOcvQpe-3V5zoiC7i-g7HKuIV0L-S2A4OUbTURjxdlHXpyYxeyuma2Y44fnavsaoM~6bRYt5-fTGDUkGFzqnTnMfzySTeFg6ph0FbAUwWgcb7QCcPyCqEZTnrHlkbJgz-aY9YTlJFaWU0VsSEIkSApWQNze7jXNestfLA~PaRsSqcZX99QO0T2rOfUhIUbzc7fuDDbNk5IfgAPNw2KMw4LJBU-dUiUIpQAnV5dXe3o8SLIJmszrDIUkcSk5SW824hOtClPtfl-2LTAF6Zb1pA~VrSYczpaHnf~t~Q__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/90456301/ce8e4fda5846bab7e18d89552fd1a7262021.pdf?1738526571=&response-content-disposition=inline%3B+filename%3DCone_metric_spaces_and_fixed_point_theor.pdf&Expires=1777029198&Signature=bBMzgxUO28Gy2xnYZE3mTudpFyoZBL2gu~~B56-1FwXiV6E2wPOcvQpe-3V5zoiC7i-g7HKuIV0L-S2A4OUbTURjxdlHXpyYxeyuma2Y44fnavsaoM~6bRYt5-fTGDUkGFzqnTnMfzySTeFg6ph0FbAUwWgcb7QCcPyCqEZTnrHlkbJgz-aY9YTlJFaWU0VsSEIkSApWQNze7jXNestfLA~PaRsSqcZX99QO0T2rOfUhIUbzc7fuDDbNk5IfgAPNw2KMw4LJBU-dUiUIpQAnV5dXe3o8SLIJmszrDIUkcSk5SW824hOtClPtfl-2LTAF6Zb1pA~VrSYczpaHnf~t~Q__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=New+Results+of+Common+Fixed+Point+Theorems+for+T-Contraction+type+Mappings+in+Cone+Metric+Spaces+with+c-Distances&btnG=
https://openurl.ebsco.com/EPDB%3Agcd%3A2%3A38523202/detailv2?sid=ebsco%3Aplink%3Ascholar&id=ebsco%3Agcd%3A158075140&crl=c&link_origin=scholar.google.com
https://doi.org/10.37394/232021.2024.4.2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Relative+Strength+of+Common+Fixed+Point+Theorem+of+Self+Mappings+Satisfying+Rational+Inequalities+of+Real+Values+Generalized+complete+metric+spaces&btnG=
https://wseas.com/journals/equations/2024/a04equations-002(2024).pdf
https://doi.org/10.52783/cana.v32.5423
https://internationalpubls.com/index.php/cana/article/view/5423
https://doi.org/10.2307/2272014
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fuzzzy+Set+Inform+and+Control&btnG=
https://www.cambridge.org/core/journals/journal-of-symbolic-logic/article/abs/la-zadeh-fuzzy-sets-information-and-control-vol-8-1965-pp-338353-la-zadeh-similarity-relations-and-fuzzy-orderings-information-sciences-vol-3-1971-pp-177200/3A80F34917B4A88DD12299044FD1E47E
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fuzzy+Metric+and+Statistical+Metric+Spaces&btnG=
https://dml.cz/bitstream/handle/10338.dmlcz/125556/Kybernetika_11-1975-5_2.pdf
https://doi.org/10.1016/S0165-0114(00)00088-9
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=On+Fixed+Point+Theorems+in+Fuzzy++Metric+Spaces&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0165011400000889
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Common+Fixed+Points+of+Self+Map+Satisfying+and+Internal+type+Contractive+Condition+in+Fuzzy+Metric+Spaces&btnG=
https://hrcak.srce.hr/file/92657
https://www.researchgate.net/publication/328967062_A_Fixed_point_Theorem_Satisfying_Integral_Type_Contraction_in_Fuzzy_Metric_Space
http://dx.doi.org/10.14736/kyb-2022-3-0335
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fixed+Point+Results+in+Controlled+Fuzzy+Metric+Spaces+with+Application+to+Dynamic+Market+Equilibrium&btnG=
https://dml.cz/handle/10338.dmlcz/151034
http://dx.doi.org/10.14736/kyb-2023-1-0110
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=On+Fixed+Point+Figure+Prob+.in+Fuzzy+Metric+Spaces&btnG=
https://dml.cz/handle/10338.dmlcz/151586
http://dx.doi.org/10.14736/kyb-2024-3-0394
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Asymptotic+Fuzzy+Contractive+Mapping+in+Fuzzy+Metric+Spaces&btnG=
https://dml.cz/handle/10338.dmlcz/152517
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Relative+Strength+of+Common+Fixed+Point+Results+for+Two+Self+Mapping+in+Fuzzy+Metric+Space&btnG=
https://elibrary.ru/item.asp?id=80797049
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fuzzy+Cone+Metric+Spaces&btnG=
https://www.researchgate.net/profile/Tarkan-Oner/publication/277474776_Fuzzy_cone_metric_spaces/links/5cd13402299bf14d957ceba1/Fuzzy-cone-metric-spaces.pdf

Surendra Kumar Tiwariet al. / IJMTT, 72(4), 47-54, 2026

[25] T. Bag, “Fuzzy Cone Metric Spaces and Fixed Point Theorems on Fuzzy T-Kannan and fuzzy T- Chhaterjea Type Contractive
Mappings,” Fuzzy Information and Engineering, vol. 7, no. 3, pp. 1-11, 2015. [CrossRef] [Google Scholar] [Publisher Link]

[26] Saif Ur Rehman et al., “Common Fixed Point Theorems for a Pair of Self-Mappings in Fuzzy Cone Metric Spaces,” Abstract and
Applied Analysis, vol. 2019, pp. 1-10, 2019. [CrossRef] [Google Scholar] [Publisher Link]

[27] S.U. Rehman et al., “Common Fixed Point Theorems for Compatible and Weakly Compatibles Map in Fuzzy Cone Metric Spaces,”
Annals Fuzzy Mathematics and Informatics, vol. 19, no. 1, pp. 1-19, 2020. [CrossRef] [Google Scholar] [Publisher Link]

[28] Saif Ur Rehman, and Hassen Aydi, “Rational Fuzzy Cone Contractions on Fuzzy Cone Metric Spaces with an Applications to
Fredholm Integral Equations,” Journal of Function Spaces, 2021. [CrossRef] [Google Scholar] [Publisher Link]

[29] Surendra Kumar Tiwari, and Ranu Agrawal, “Analytical Analysis of Common Fixed Point Results in Fuzzy Cone Metric Spaces,”
Asian Journal of Science, Technology, Engineering, & Arts, vol. 2, no. 2, pp. 294-303, 2025. [CrossRef] [Publisher Link]

[30] Supak Phiangsugnoen, Wutiphol Sintunavarat, and Poom Kumam, “Common « -n Fuzzy Fixed Point Theorems for Fuzzy Mappings
via fF-admissible Pair,” Journal of Intelligent & Fuzzy Systems: Applications in Engineering and Technology, vol. 27, no. 5, pp.
2463-2472,2014. [CrossRef] [Google Scholar] [Publisher Link]

54


https://doi.org/10.1016/j.fiae.2015.09.004
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fuzzy+Cone+Metric+Spaces+and+Fixed+Point+Theorems+on+Fuzzy+T-Kannan+and+fuzzy+T-+Chhaterjea+type+contractive+Mappings&btnG=
https://ieeexplore.ieee.org/abstract/document/10482876
https://doi.org/10.1155/2019/2841606
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Common+Fixed+Point+Theorems+for+a+Pair+of+self+Mappings+in+Fuzzy+Cone+Metric+Spaces&btnG=
https://onlinelibrary.wiley.com/doi/full/10.1155/2019/2841606
https://doi.org/10.30948/afmi.2020.19.1.1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Common+Fixed+Point+Theorems+for+Compatible+and+Weakly+Compatibles+Map+in+Fuzzy+Cone+Metric+Spaces&btnG=
http://www.afmi.or.kr/papers/2020/Vol-19_No-01/PDF/AFMI-19.1(1-19)-H-190313R2.pdf
https://doi.org/10.1155/2021/5527864
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Rational+Fuzzy+Cone+Contractions+on+Fuzzy+Cone+Metric+Spaces+with+an+Applications+to+Fredholm+Integral+Equations&btnG=
https://onlinelibrary.wiley.com/doi/full/10.1155/2021/5527864
https://doi.org/10.58578/ajstea.v2i2.2804
https://ejournal.yasin-alsys.org/AJSTEA/article/view/2804
https://doi.org/10.3233/IFS-141218
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Common+%CE%B1+-n+Fuzzy+Fixed+Point+Theorems+for+Fuzzy+Mappings+via+%CE%B2F-admissible+pair&btnG=
https://journals.sagepub.com/doi/abs/10.3233/IFS-141218

