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Abstract

Objectives: In this paper, we have to establish a generalized common fixed
point theorem in cone rectangular metric spaces. Methods: In this paper, we
use the Banach contraction principle technique to establish the generalized
fixed point theorem. Findings: The paper presents a unique common fixed
point theorem for two weakly compatible self-maps satisfying expansive type
mapping in cone rectangular metric space without assuming the normality
condition of a cone. Our result extends and supplements some well-known
results in cone rectangular metric spaces. Novelty: The main novelty of this
article is to prove a common fixed theorem under expansive type conditions.
As a direct consequence, we give an example to illustrate our obtained result.
Keywords: Normal Cone; Cone Rectangular Metric Space; Coincidence Point;

Common Fixed Point; Weakly Compatible; Expansive Type Mappings

1 Introduction

In recent times fixed point theorems have gained importance because of their
numerous applications. Fixed point theorems have many applications in various fields
differential equations, topology, functional analysis, integral equations, operator theory,
game theory, computer science, logic programming, artificial intelligence, applied
Engineering, Telecommunications, Physics, Economics and Management.

In), introduced the concept of metric spaces. It is well-known that the classical
Banach Contraction Principle ? is the fixed point theorem. Let X be a non-empty set.
An element x € T is said to be a fixed point of a self-map 7 : X — X if T (x) = x. A
result giving a set of conditions on 7" and X under which Thas a fixed point is known
as a fixed point theorem. Several researchers proved the fixed point theorems in Metric
Spaces, Banach Spaces, Topological spaces, Fuzzy metric spaces and cone metric spaces
based on the Banach Contraction Principle.

In®, introduced a class of generalized (rectangular) metric spaces by replacing the
triangular inequality of metric spaces with a similar one which involves four or more
points instead of three points. The author also improved Banach Contraction Principle
in such spaces. Recently many authors* proved the existence and uniqueness of a
fixed point for different types of mappings.
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In‘©, introduced the concept of cone metric spaces by replacing the real number system in the definition of metric space
with an ordered Banach space. Recently many authors "~"have obtained coincidence and common fixed point results for self-
maps satisfying contractive conditions in cone metric-type spaces. In!?), introduced the concept of quasi-cone metric spaces
and established some Fixed Point Results in Quasi-cone metric spaces. Recently many authors !!~'3have obtained coincidence
and common fixed point results for self-maps satisfying contractive conditions in cone metric spaces.

In) introduced the concept of cone rectangular metric space by replacing the triangular inequality in the definition of
cone metric space with a rectangular inequality and proved the Banach contraction principle on these spaces. Recently many
authors 1°~17 have obtained some fixed point results in cone rectangular metric spaces. In this paper, we prove a common fixed
point theorem for two weakly compatible self-maps under an expansive type condition in cone rectangular metric spaces with
a suitable example to illustrate our obtained result. Our main result generalizes many known results '*) in cone rectangular
metric spaces.

2 Preliminaries

Definition 2.1. ¥ Let X be a non-empty set. The mapping dr : X x X said to be cone rectangle metric space if it satisfies:

(1) 6 < d(x,y), forall x,y € X withx # y and d(x,y) = 6 if and only if x = y;

(2) d(x,y) =d(y,x), forallx,y € X ;

(3) de(x,y) < dg(x,w) +dg(w,z) +de(z,y),

for all x, y € X and for all distinct points u,v € X — {x,y}.

Definition 2.2.(%Let P be a subset of a real Banach space Eand 6 is the zero vector of E.P is said to be a cone in E if it
satisfies the following properties:

(i) P is non-empty, closed and P # {0};

(ii) x, y € P implies ax + by € P, where a and b are positive real numbers;

(iii) The intersection of P and —P is {0}

Definition 2.3.© A cone P is said to be a solid cone if an interior of P is a non-empty subset of E

Definition 2.4.©) A partial order relation < with respect to a solid cone P C E is defined asx < yif y -x €P,forx,y € E.

Definition 2.5.®) A cone P is called a normal cone if there is a number k >1 such that for all x, y € X, < x <y implies that
Il < Kllyll

Definition 2.6. % Let(X,dg) be a cone rectangular metric space and P be a solid cone in E. Then the sequence {x,} is said
to converge to x if dg (x,, x) = 0, asn — oo.

Definition 2.7 ¥ Let (X,dE) be a cone rectangular metric space and P be a solid cone in E. Then the sequence {x,} is said
to be Cauchy if for all p > 0 we have dg (x,, x,1p) = 0, asn — oo.

Throughout this paper, P is not necessarily a normal cone in E, the relation x < y stands for y x belongs to an interior of P
and R denotes the set of all Real numbers.

3 Main Results

Theorem 3.1: Let (X, dg) be a cone rectangular metric space. If the mappings S and T: X — X satisfy the following:
dg (Sx,8y) > Adg (Tx,Ty) + Aadg (Sx, Tx) + Azdg (Sy, Tx) + Aadg (Sy, Ty), (3.1)

forallx,y € X, where A1, A2, A3, Ay € RsuchthatA; > land0 <Ay, A3, A4< L.

If T(X) C S(X) and either of T(X) or S(X) is a complete subspace of X, then T and S have a unique coincidence point in X.
Further, if T and S are weakly compatible self-maps then they have a unique common fixed point in X.

Proof . We start the proof with an arbitrary point xo € X. Since T(X) C S (X )and let x; € X be such that T'x¢ = Sx;. Continuing
this process, we can construct a sequence {y,} in X such that y,= Sx,=Tx, _ 1, foralln> 1.

Ifym — 1=ym, for some m> 1,theny,, — | =Sxu — 1 =Tx, — 1. Thatis, Sand T have a coincidence point x,,— 1in X. Assume
Vi — 1 # Y, for alln > 1. Then from (3.1) it follows that,

dg (Ynfl y )’n) =dg (anfh an)
> Mdg (Txn—1,Txy) + Aadp (Sxp—1,Txy—1) + A3dEg (Sxn, Ix4—1) + Aadp (Sxn, Txy) ,

= Adg (yn7Yn+l) + AodE (yn,l 7yn) +A3dg (yrtayrt) + AadE (yn7Yn+l) )
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> ()Ll +)L4)dE (ynayn+l)+l2dE (ynflayn)a

which implies that,

1—A,
dE ()’m yn+l) S (m} dE ()’nfl B yﬂ) 5
Hence,
dg (ym)’n+1) < Adg (ynflvyn) ,Vn > l,wherel = )311%4 < 1(as M2+ > 1)

By induction for alln > 0,

dE (ynayl’l+1) SlndE (yan1)7 (32)

where 0 <A< 1.
Using (3.1), (3.2), rectangular inequality and the facts that,
M>1LAh<1,0<A3<land0< Ay < Lie, A+ +A3+A4 > 1and 0 < A < 1, we get,

dg (Yn—1, Yns1) = dg (Sxn—1,8%n11)
> Mdg (Txn—1,TXn 1) + A2dp (Sxn—1,TXn—1) + A3dg (SXn 41, TXn—1) + Aadg (Sxng1, TXni1)

> MdE (YnsYnt2) + Aade (Yn—1,Yn) + 23dE (Ynt1,Yn) + AadE (Ynt15Yn12)

Therefore,
Mdg (Yn,Ynt2) < di (Yn—1,Yn+1) — AodE (Yn—1,Yn) — A3dE (Vnt1,Vn) — AadE (Ynt1,Yn+2)

< [dE (Yn—1,Yn) +dE (Yn,Yn12) +dE (Yni2,Ynt1)]

— Aadg (Yn—1,Yn) — A3dE (Ynt1,Yn) — AMdE (Ynt1,Yn12)

<d (ynvyn+2) + (1 - lZ)dE (ynfl a)’n) — Asdg ()’n+l 7}’”) + (1 - A4)dE (yrHrl ayrl+2)
which implies that,

1—A

1-A A
dg (Y, Yn+2) < (7Ll — i) dg (Yn—1,¥n) — </11i1> de (Yn, Yn+1) + </11—1) dg (Ynt1,Yn+2)

12 A 1A
< (M) A" (0,31) - (Mil) Ads (0.1) + ( i 1‘) A" (y0,31)

— 1_2’2 l3 21—),4 -1
_(111_1/111”‘ A1 A" dg (yo0,y1)

A T T
_(M—l /’Ll—1+)tl_1>)“ d (y0.y1)

2— (A +A+A _
S( (A2t A4 3)>7L/1" Y (yo.y1)

AM—1
1+4;
< n
< (/11 — 1) A"dg (yo,y1)
Hence

de (Yn,yn+2) < A dE (y0,¥1) (3.3)

For the sequence {y,} we consider dg(y,, yn+p) in two cases.
If p is odd say 2m +1, for m> 1, then by using rectangular inequality and (3.2) we get,
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dg (YnsYnr2mi1) <A (Yntr2mi1,Ynt2m) + e Ynr2ms Ynr2m—1) +di (Ynt2m—1,Yn)
<dg (yrz+2mayrl+2m+1 ) +dg ()’n+2m71 7y11+2m) +dg ()’n+2m71 7yr1+2m72)
+dg (Ynt2m—2,Yntam—3) + - +dE (Ynt2,Yn+1) +dE (Vnt1,n)
=dg (Yn,Yn+1) +dg (Ynt1,Yn+2) + - +dg Ynr2m—1,Ynr2m) +dE (Vnt2m> Ynt2m+1)
< Adg (yo,y1) + A" dg (vo,y1) + -+ A2 g (v, 1) + A2 dg (o, 1)
<[T+A+A2 427+ ] A% (vo, 1)

n

S I_AdEO;anl)

1
< l:(x‘f' ”] Atdg ()’Oa)’l)

Hence,

dg (Yns Ynt2m+1) < [a + 1_1A Adg (yo,1) (3.4)
foralln > 1,m > landa = i?—_}”i >0.
If p is even say 2m, for m> 1, then by using rectangular inequality, (3.2), (3.3) and the fact that 0 <A <1 we get,
dg (Y, Ynv2m) <dg (Ynt2m>Ynt2m—1) +de Vnt2m—1,Ynv2m—2) +dE (Ynt2m—2,Yn)
< dg (Ynr2m—1,Ynt2m) +dE Vnvam—2,Yns2m—1) + -+ dE (Ynra,Vn+3)
+de (Yn+3:Yn+2) +dE (Ynt2,Vn)
=dg (Yn>Yn+2) +dE (Vnt2,Yn+3) +dE (Vnt3,Yn4a) + -
+dg (Yn+2m—25Yn+2m—1) + dg (Vn+2m—1Yn+2m)
< uA"dg (yo,y1) + [A"2dg (yo,y1) + A" dE (yo,y1)
o A2 (0, 91) + AT (0, v1)]
= aA"dg (yo,y1) + [)Lz +A34+ .+ lzm’l] A"dg (yo,y1)
< ad’dg (yo,y1)+ [1+ A+ A2+ 03+ J A" (yo,y1)

n

A
< aA"dg (yo,y1 ) + de ()’07)’1)
Hence

1
de (Y, Yn2m) < {OH- ”] A"dg (y0,y1) (3.5)

foralln>1,m>land o0 = 124 >0
From (3.4) and (3.5) we have,
dg (Yn,Yntp) < {(X+ ﬁ} A"dg (yo,y1), foralln > 1,m>1and o = ;:fi >0
Assume that 6 < k. Since

1
{OH_I—)»] A"dg (yo,y1) — 0, n— 0

Therefore for any k belongs to an interior of P, we can find a natural number Nysuch that for each n > N;, we have,

|:O£ + ﬁ} AMdEg (yo,y1) < k, for alln >N and p > 1 and hence, dg (Yu,yntp) < k.

Therefore, {y,} is a Cauchy sequence in X. Since T'(X) is a complete subspace of X, then there exists a point z € T (X) C S(X)
such that

limy, = limSx,, = limTx,_| = z.
n—o0 n—o0 n—ro0

Also, we can find x € X such that z = Sx.
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Let 8 < k be given, we can choose natural numbers Npand N3 such that de (z,y,—1) < 2(%17{];1), for all n >Nj and

dp (Ya—1,yn) < 5, foralln > N3. Let N= max {N», N3}.
We have by (3.1),

dE ()’n—l bl Z) = dE (an—l bl S.X)
> Mdg (Txp—1,Tx) + Aadg (Sxp—1,Txn—1) + A3dEg (Sx, Txn—1) + A4dE (Sx,Tx)
> MdE (Yn, TX) + AodE (Yn—1,Yn) + A3dE (2,Yn) + AadE (2,Tx)

Z )UldE (yna T)C)

Hence, dg (yn, Tx) < %dE (Yn-1,2)
Using rectangular inequality we have,
dE(Za T-x) S dE (Z7yn—1) +dE (yn—l 7)’n) + dE ()’m Tx)

1
<dg(z,yn-1) +dg (Yn—1,yn) + TldE (Yn-1,2)

1
= [1 + /11} dg (2,yn-1) +dg (Yn—1,Yn)

Hence,

k&
de(z, Tx) < 3 + 3= k,ie,dg(z, Tx)=0
Therefore, Sx = Tx = z.
That is, z is a point of coincidence of S and 7. If z* is another point of coincidence of S and 7, then Sy = Ty = z*, for some y
€X then

dg (z,2¢) = dg ( Sx,Sy)
> Mdg (Tx,Ty) + Aadg (Sx, Tx) + A3dg (Sy, Tx) + Aadg (Sy, Ty)
> Mdg (z,2%) + Aadg (2,2) + A3dg (2%, 2) + AadE (2%, 2%)

= (A +A3)dg (z,2%)

Hence,

dg (z,z%) < mdg (z,2%)

Since, A + A4 > 1, we have, dg (z,2¢) = 0, i.e., z=2z%*.

Thatis, S and T have a unique point of coincidence in X . Suppose S and T are weakly compatible mappings, then we have, Sz
= STx = T'Sx = Tz. Therefore, Sz = T'z = w (say). This shows that w is another point of coincidence between S and 7'. Therefore,
by the uniqueness of the point of coincidence, we must have z = w. Hence, z is a unique common fixed point of S and 7 in X.
Similarly,we can prove S and T have a unique common fixed point in X if S(X) is a complete subspace of X.

The following example supports Theorem 3.1.

Example 3.2: Let= (1 : ne (1, 2, 3, 4}}, E=R*and P = {((x,y) : x,y > 0) }isaconeinE.

Define dg : X x X as follows:

dg(x,x) = (0,0), forallx € X,

%) =(1,2),
1) =ds (5
), forall x,y

~—
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Then it is clear that (X, dg)is a complete cone rectangular metric space but not a cone metric space, since it does not satisfy
triangular inequality:

dE<1,;>(3,6)>dE( ;>+dE(; ;) (1,2)+(1,2) = (2, 4), as (3, 6) (2, 4) = (1, 2) €

Now we define the mappings S and 7: X — X as follows:

X ifxe{%,%
S(x)=< 1 ifx=1
1

ifx= %
1. 1
7 ifx# 7
and T'(x) = i e i
— 3

Now consider,

de(S(1/2),8(1)) > (T (1/2), T(1) + Aade(S(1/2),T(1/2)) + Asd( S(1), T(1/2) + Aud(S(1), T(1))
ie, dg(1,1/2) > Aide(1/3, 1/3)) + Aadgi(1, 1/3) —‘y—)v3dE(l/27 1/3) + Aadr(1/2, 1/3)

e, (3,6)>A2(1,2)+A5(1,2) +A4(1,2)
ie. (3,6) > (L2+A3+44)(1,2)

de(S(1),S(1/3)) = Mde(T(1),T(1/3)) + A2dp(S(1), T (1)) + A3de(S(1/3),T (1)) + Aadr(S(1/3),T(1/3))
e dp(1/2.1/3) = Ardi(1/3.1/3)) + Aade(1/2,1/3) 1 Ande(1/3.1/3) + Aadi(1/3.1/3)

Pe, (1,2)>A(1,2)

de(S(1/3),8(1)) > Mide(T(1/3),T(1)) + A2de(S(1/3),T(1/3)) + A3de(S(1), T (1/3)) + Aade(S(1),T (1))
ey du(1/3,1/2) > Aads(1/3,1/3)) + Aods(1/3,1/3) + Aadi(1/2,1/3) + Auds(1/2,1/3)

ie., (1,2) 23,3(]72)4-},4(1,2)

de(S(1/2),8(1/3)) = Aide(T (1/2),T(1/3)) + A2de(S(1/2),T(1/2)) + A3dr(S(1/3)
+ Aadi(S(1/3),T(1/3))

e, d(1,1/3) > Aids(1/3,1/3)) + Aadg(1,1/3) + Aads(1/3,1/3) + Adg(1/3,1/3)

ie. (1,2) > 2p(1,2)

de(S(1/3),8(1/2)) > Jide(T(1/3),T(1/2)) 4+ A2de(S(1/3),T(1/3)) + A3dr(S(1/2),T(1/3))

+A4dg(S(1/2),T(1/2))

ie, de(1/3,1)> AMde(1/3,1/3)) + Aads(1/3,1/3) + Asde(1,1/3) + Asdi(1,1/3)

te.  (1,2)>A3(1,2) +A4(1,2)

e, (1,2)>(h+4)(1,2)

de(S(1),S(1/4)) = Mde(T (1), T(1/4)) + A2de(S(1), T (1)) + Asde(S(1/4)

ie.,

,T(1/2))

s T(1)) 4 Aadi(S(1/4), T (1/4))
de(1/2,1) > Aadi(1/3,1)) + Aods (1/2,1/3) + Aadi(1/4,1/3) + Aadi(1/4,1)
ie., (3,6) Z).1(1,2)+},2(1,2)—|—},3(2,4)+2,4(2,4)

e, (3,6)> (A +42) (1,2) + (A +Ag) (2,4)

de(S(1/4),5(1)) 2 Jide(T(1/4),T (1)) + Aadg(S(1/4), T (1/4)) 4+ A3dg(S(1),T(1/4)) + Aade(S(1),1(1))
i.e., dE(1/4, 1/2) > /'L]dE(l, 1/3)) —|—/1sz(1/4, 1) —|—/’L3dE(1/2, 1) —|—/’L4dE(1/2, 1/3)

ie, (2,4) > (M +A4)(1,2)+22(2,4) + A3(3,6)
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dg(S(1/2),S(1/4)) > Adg(T(1/2),T(1/4)) + Axdg(S(1/2),T(1/2)) + Asdg(S(1/4),T(1/2))
+ Aadg(S(1/4),T(1/4))
ie, dp(1,1/4)> Midg(1/3,1)) + Aadg(1,1/3) + A3dg(1/4,1/3) + Aadg(1/4,1)
e, (2,4)>A1(1,2) 4+ A2(1,2) + A3(2,4) + A4(2,4)
(2,4) > (M +42) (1,2) + (A3 + A4) (2,4)

ie., ,

de(S(1/4),5(1/2)) = Mde(T(1/4),T(1/2)) + 22de(S(1/4),T(1/4)) + A3de(S(1/2),T(1/4))
+A4de(S(1/2),T(1/2))

ie., dE(1/4,1) ledE(l,l/?))) + lsz(1/4,1) + A3dE(1,1) + ;L4dE(1,1/3)i.€., ( ,4) > 11(1,2) + 12(2,4) +
Aa(1,2)ie.,  (2,4)> (A + A1) (1,2) + 12(2,4)

dp(5(1/3),5(1/4)) > Md(T(1/3), T(1/4)) + Jad(S(1/3),T(1/3)) + Aads(S(1/4), T(1/3))

+ads(S(1/4), T(1/4))

ie, dg(1/3,1/4) > Mide(1/3,1)) + Aade(1/3,1/3) + Asdg(1/4,1/3) + Aads(1/4,1)

ie, (2,4)>A11(1,2)+2A3(2,4) +),4(2 4)

ie, (2,4)>4(1,2)+(A3+4) (2,4

de(S(1/4),8(1/3)) = de(T (1/4),3(1/3)) + A2dg(S(1/4),T(1/4)) + A3de(S(1/3),T(1/4))

T Audg(S(1/3),7(1/3))

ie., dE(1/4, 1/3) > Midg(1, 1/3)) +A,2dE(1/4 1)+ A3de(1/3,1) +l4dE(1/3, 1/3)

ie., (2,4)211(1,2)—%12(2,4)4-13(1,2)

ie, (2,4)> (M +23)(1,2)+12(2,4)

Then for every x, y € X, the 1nequa11ty (3.1) of

Theorem 3.1 holds for A; = 4, M=2=g Land Ay = 1 Slnce,S(%) =T (g) = 1 . It is clear that, 7(X) C S(X) and we
haveST( ) S(T(f))— S( ) 3andTS( ) ( ( )) (f)— 1 ThereforeST( ) S(%).Thatis,SandTare
commutes at coincidence point % Therefore S and T are weakly compatible mappings. Therefore there exists a unique common
fixed point L ofSand T.

With the sultable value of A1, A2, A3, and A4 we obtain the following results of 19 on cone rectangular metric spaces.

Corollary 3.3.' If the two self-maps S and T: X— X defined on cone rectangular metric space (X, dg ) satisfy the following:

dg (Sx,Sy) > Mdg (Tx,Ty) + Aadg (Sx, Tx) + Aadg (Sy, Ty) ,

forallx,y € X, where A1, A2, A4 € RsuchthatA; >1and0 < Az, A4< 1.

If T(X) C S(X) and either of T'(X) or S(X) is a complete subspace of X, then T and § have a unique coincidence point in X.
Further, if T and S are weakly compatible self-maps then they have a unique common fixed point in X.

Corollary 3.4.® If the two self-maps S and T: X—X defined on cone rectangular metric space(X, dg) satisfy the following:

dg (Sx,Sy) > Mdg (Tx,Ty), forall x,y € X, where A; > 1.

If T(X) C S(X) and either of T(X) or S(X) is a complete subspace of X, then T and S have a unique coincidence point in X.
Further, if T and S are weakly compatible self-maps then they have a unique common fixed point in X.

4 Conclusion

Finally, we have obtained a most generalized unique common fixed point theorem for two weakly compatible self-maps under
an expansive type condition in a cone rectangular metric space without assuming the normality condition of a cone. Our result
is generalized results of !> and supported by a suitable example.

References

1) echet ME Sur quelques points du calcul fonctionnel. Rendiconti del Circolo Matematico di Palermo. 1906;22(1):1-72. Available from: https://doi.org/10.
1007/BF03018603.

2) Banach S. Sur les opérations dans les ensembles abstraits et leur application aux équations intégrales. Fundamenta Mathematicae. 1922;3(1):133-181.
Available from: https://bibliotekanauki.pl/articles/1385859.

3) Branciari A. A fixed point theorem of Banach-Caccioppoli type on a class of generalized metric spaces. Publicationes Mathematicae Debrecen. 2000;57(1-
2):31-37. Available from: http://dx.doi.org/10.5486/PMD.2000.2133.

https://www.indjst.org/ 2516


https://doi.org/10.1007/BF03018603
https://doi.org/10.1007/BF03018603
https://bibliotekanauki.pl/articles/1385859
http://dx.doi.org/10.5486/PMD.2000.2133
https://www.indjst.org/

Reddy / Indian Journal of Science and Technology 2023;16(32):2510-2517

wu
=

&)
=

8

=

9

—~

10

=

11

~

12

~

13

=

14)

15

=

16

=

17

~

Cho SH. Fixed Point Theorems for L-Contractions in Generalized Metric Spaces. Abstract and Applied Analysis;2018. Available from: https://doi.org/10.
1155/2018/1327691.

Chaira K, Eladraoui A, Kabil M, Kamouss A. Fisher Fixed Point Results in Generalized Metric Spaces with a Graph. International Journal of Mathematics
and Mathematical Sciences. 2020;2020:1-8. Available from: https://doi.org/10.1155/2020/7253759.

Huang LGG, Zhang X. Cone metric spaces and fixed point theorems of contractive mappings. Journal of Mathematical Analysis and Applications.
2007;332(2):1468-1476. Available from: http://dx.doi.org/10.1016/j.jmaa.2005.03.087.

Fatemehanousheh G, Rad. Fixed Point Theorems with Respect to a c-Distance in Cone Metric Spaces Endowed with a Graph. Thai Journal of Mathematics.
2021;19(4). Available from: http://thaijmath.in.cmu.ac.th.

Wangwe L, Kumar S. Continuous controlled cone metric-type spaces over real Banach algebras and fixed-point results. Journal of Inequalities and
Applications. 2022;52. Available from: https://doi.org/10.1186/s13660-022-02789-x.

Nicolaebranga A, Olaru IM. Cone Metric Spaces over Topological Modules and Fixed Point Theorems for Lipschitz Mappings. . Available from:
https://doi.org/10.3390/math8050724.

Shaddad E, Salmi M. Fixed Point Results in Quasi-Cone Metric Spaces. Abstract and Applied Analysis. 2013. Available from: http://dx.doi.org/10.1155/
2013/303626.

Al-Yaari A, Sakidin H, Alyousifi Y, Al-Tashi Q. Fixed point theorem between cone metric space and quasi-cone metric space. Indonesian Journal of
Electrical Engineering and Computer Science. 2022;25(1):540. Available from: http://doi.org/10.11591/ijeecs.v25.i1.pp540-549.

Aboubakr SMA. Common fixed point of generalized cyclic Banach algebra contractions and Banach algebra Kannan types of mappings on cone quasi
metric spaces. Journal of Nonlinear Sciences and Applications;12(10):644-655. Available from: http://dx.doi.org/10.22436/jnsa.012.10.03.

Andreeafulga H, Hadishojaat. Common fixed point theorems on quasi-cone metric space over a divisible Banach algebra. Advances in Difference Equations.
2021. Available from: https://doi.org/10.1186/s13662-021-03464-z.

Azam A, Arshad M, Beg I. Banach contraction principle on cone rectangular metric spaces. Applicable Analysis and Discrete Mathematics. 2009;3(2):236-
241. Available from: http://dx.doi.org/10.2298/ AADM0902236A.

Sunanda R, Patil JN, Salunke. Fixed point theorems for expansion mappings in cone rectangular metric spaces. General Mathematics Notes. 2015;29(1):30-
39. Available from: https://www.emis.de/journals/GMN/yahoo_site_admin/assets/docs/4_GMN-8982-V29N1.235212359.pdf.

Nazam M, Arif A, Mahmood H, Kim SO. Fixed Point Problems in Cone Rectangular Metric Spaces with Applications. Journal of Function Spaces.
2020;2020:1-10. Available from: https://doi.org/10.1155/2020/8021234.

Setiawan SE, Sunarsini, Sadjidon. Completeness and Fixed Point Theorem in Cone Rectangular Metric Spaces. Journal of Physics: Conference Series.
2020;1490(1):012009. Available from: https://doi:10.1088/1742-6596/1490/1/012009.

https://www.indjst.org/ 2517


https://doi.org/10.1155/2018/1327691
https://doi.org/10.1155/2018/1327691
https://doi.org/10.1155/2020/7253759
http://dx.doi.org/10.1016/j.jmaa.2005.03.087
http://thaijmath.in.cmu.ac.th
https://doi.org/10.1186/s13660-022-02789-x
https://doi.org/10.3390/math8050724
http://dx.doi.org/10.1155/2013/303626
http://dx.doi.org/10.1155/2013/303626
http://doi.org/10.11591/ijeecs.v25.i1.pp540-549
http://dx.doi.org/10.22436/jnsa.012.10.03
https://doi.org/10.1186/s13662-021-03464-z
http://dx.doi.org/10.2298/AADM0902236A
https://www.emis.de/journals/GMN/yahoo_site_admin/assets/docs/4_GMN-8982-V29N1.235212359.pdf
https://doi.org/10.1155/2020/8021234
https://doi:10.1088/1742-6596/1490/1/012009
https://www.indjst.org/

	Introduction
	Preliminaries
	Main Results
	Conclusion

