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FIXED POINT RESULTS FOR GENERALIZED («,v) -
GERAGHTY CONTRACTION IN B-RECTANGULAR METRIC
SPACES

M. A. MAHAMUD AND K. K. TOLA

ABSTRACT. In this paper, we introduce generalized (a,))-Geraghty Contrac-
tion mappings in b-rectangular metric spaces and study fixed point results for
the mappings introduced. Our results extend and generalize related fixed point
results in the existing literature. Finally, we provide an example in support of
our main findings.

1. INTRODUCTION

Fixed point theory is one of the most important topic in Mathematics, specially
in analysis. Due to its application in various disciplines like engineering, computer
science, biological sciences, economics etc., many researchers took interest in fixed
point theory and its application. It is well known that Banach Contraction Principle
is the most important result in fixed point theory [13]. During the last many years
this result was extended in different directions. Taking the key role of the notion of
the metric in mathematics and hence in quantitative sciences, it has been extended
and generalized in several distinct directions by many authors. One of the gener-
alization of metric spaces was rectangular metric spaces which was introduced by
Branciari [3]. In 1993, Czerwik [4] introduced and studied b-metric spaces, which is
an interesting generalization of metric space. The concept of b-rectangular metric
space was introduced as a generalization of metric, b-metric space and rectangular
metric space by Geoge et al. [6]. Useful results on rectangular metric, b-metric and
rectangular b-metric spaces can be seen in ([14]-[22]). Inspired and motivated by
the works of Erhan [11] and Baiya and Kaewcharoen [2] the main purpose of this
paper is to define generalized («, 1)-Geraghty contraction and establish new fixed
point results for the class of map that satisfy generalized (o, 1))-Geraghty contrac-
tion condition in the setting of b-rectangular metric spaces and prove the existence
and uniqueness of fixed points for the maps introduced.
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2. PRELIMINARIES

Notation: We need the following symbols and class of functions to prove certain
results of this section:
e R =0,00);
e N is the set of all natural numbers;
e U, = {¢p = (0,00) = (1,00), such that, ¢ is nondecreasing, for each
sequence {t,} C (0,00), ¥ (t,) — 1 if and only if ¢,, — 0 and there exist

r€(0,1) and I € (0, 00] such that lim O g},
o Uy = {¢y = (0,00) = (1,00), such that, ¢ is continuous and nondecreas-
ing};

o U ={y: RT — RNT | such that, 1 is continuous and non-decreasing };
e O={0: R" — [0,1), such that, 0(t,) = 1 =1t, — 0, as n — cc};
e O, ={0: R — [0, 1), such that, §(t,) = + =t, = 0asn — oo for s > 1}.
Definition 1 [5] Let X be a nonempty set and d : X x X — R" be a function
satisfying the following conditions:
(a) d(z,y) = 0 if and only if z = y;
(b) d(z,y) = d(y, z);
(€) d(z,2) < d(z,y) +d(y, ) for all 2,5, 2 € X.
Then the pair (X d) is called a metric space.
Definition 2 [5] Let X be a nonempty set and d : X x X — R* be a function
satisfying the following conditions:
(a) d(z,y) = 0 if and only if z = y;
(b) d(z, ) = d(y, )
(c) d(z,z) < d(z,y) +d(y, z) for all z,y,z € X.
Then the pair (X d) is called a metric space.
Definition 3 [4] Let X be a nonempty set and s > 1 be a given real number. A
function d : X x X — RT is said to be a b-metric if and only if for all z,y,z € X,
the following conditions are satisfied:
(a) d(z,y) = 0 if and only if z = y;
(b) d(z,y) = d(y, x);
(¢) d(z, 2) < sld(z,y) + d(y, 2)].
The pair (X, d) is called a b-metric space.
Definition 4 [3] Let X be a nonempty set and let d : X x X — RT be a mapping
such that for all z,y € Xand all distinct points u,v € X, each distinct from x and

( ) d(z,y) = 0 if and only if z = y;

(b) d(z,y) = d(y, 2):

(¢) d(z,y) < [d (33 u) + d(u, v) 4+ d(v, y)](rectangular inequality).

The pair (X, d) is called a rectangular metric space.

Definition 5 [6] Let X be a nonempty set, s > 1 be a given real number, and
d: X x X — " be a mapping such that for all z,y € X and all distinct points
u,v € X, each distinct from x and y:

a) d(z,y) = 0 if and only if z = y;

b) d(z,y) = d(y,z);

¢) d(z,y) < s[d(z,u) + d(u,v) + d(v,y)](b-rectangular inequality).

The pair (X, d) is called a b-rectangular metric space.
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Definition 6 [6] Let X be a b-rectangular metric space and {x,} be a sequence
in X, we say that
a. {x,} is a b-rectangular converges to x € X if d(z,,x) — 0 as n — oo;
b. {z,} is a b-rectangular Cauchy sequence if d(x,, ) — 0 as n,m — oo;
c. (X,d) is a b-rectangular complete if every b-rectangular Cauchy sequence in X
is b-rectangular convergent.

Definition 7 [7] An operator T : X — X is called a Geraghty contraction if
there exists a function § € © which satisfies for all z,y € X the condition;

d(Tz,Ty) < 0(d(z,y))d(z,y).

Theorem 1 [7] Let (X, d) be a complete metric space. If T: X — X is a Ger-
aghty contractive mapping, then 7" has a unique fixed point.

Definition 8 [10] Let X be a nonempty set, a : X x X — R be a function.
A mapping T : X — X is said to be a- admissible, if for all z,y € X, a(z,y) > 1
implies a(Tz, Ty)) > 1.

Definition 9 Let X be a nonempty set, a : X x X — Rt be a functional. A
mapping T': X — X is said to be a-orbital admissible, if for all z € X, a(z,Tz) > 1
implies (T, T%x) > 1.

Definition 10 [9] Let X be a nonempty set, 7: X — X and a: X x X — R*.
We say that T is triangular a-orbital admissible if:

i. T is a-orbital admissible;
ii. for all z,y € X, a(z,y) > 1 and a(y,Ty) > 1 imply that a(z,Ty) > 1.

Lemma 1 [9] Let X be a nonempty set, T : X — X and o : X x X — RT.
Suppose that T is a triangular a-orbital admissible mapping and assume that there
exists xg € X such that a(zg,Tz¢) > 1. Define a sequence {z,} by zp+1 = Ty
for all n € NU{0}. Then a(xy,zy) > 1 for all m,n € N with n < m.

Theorem 2 [8] Let (X, d) be a complete rectangular metric space and T': X —
X. Suppose that there exist ¢ € ¥; and X € (0, 1) such that for all z,y € X,

d(Tz,Ty) # 0 implies ¥ (d(Tx, Ty)) < [P(R(z,y))]*,

where R(z,y) = max{d(z,y),d(z,Tx),d(y, Ty)}. Then T has a fixed point.
Theorem 3 [2] Let (X, d) be a complete rectangular metric space, T : X — X

and o : X x X — RT. Suppose that the following conditions hold:

(i) there exist ) € ¥o and A € (0,1) such that for all z,y € X,

d(Tz,Ty) # 0 implies oz, y).4b(d(Tz, Ty)) < [p(R(z, )],

where R(z,y) = max{d(z,y),d(x, Tx),d(y,Ty)};
(ii) there exists x; € X such that a(x1Tz1) > 1;
(iii) T is a triangular a-orbital admissible mapping;
(iv) T is continuous.
Then T has a fixed point.
Theorem 4 [2] Let (X, d) be a complete rectangular metric space, T : X — X
and o : X x X — RT. Suppose that the following conditions hold:
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(i) there exist ¢ € W5 and A € (0,1) such that for all z,y € X,

d(Tz,Ty) # 0 implies a(w, y) ¥(d(Tz, Ty)) < [b(R(z,y))]*,
where R(z,y) = max{d(z,y),d(z,Tz),d(y, Ty)};
(ii) there exists z1 € X such that a(z1Tx1) > 1;
(iii) T is a triangular a-orbital admissible mapping;
(iv) if {x,,} is a sequence in X such that a(zy, zp41) > 1forallnand 2, >z € X
as n — 0o, then there exists a subsequence {z,, } of {z,} such that a(z,,,z) > 1
for all £k € NU {0}.
Then T has a fixed point.

Theorem 5 [1] Let (X, d) be a complete rectangular metric space, T : X — X
and o : X x X — RT. Suppose that the following conditions hold:
(i) there exist ) € ¥; and A € (0,1) such that for all 2,y € X,

d(Tz,Ty) # 0 implies a(z,y).¢(d(Tz, Ty)) < [b(R(z, y))]*,

where R(z,y) = max{d(z,y),d(z,Tx),d(y, Ty), %‘W}
(i) there exists #1 € X such that a(z1,Tz1) > 1, and a(z1,T2) > 1;
(iii) T is a triangular « -orbital admissible mapping;

(iv) if {T7"} is a sequence in X such that a(T}:,Tr+) > 1 for all n and z, —

r1) X1

x € Xas n — oo, then there exists a subsequence {Trl(k)} of {T} } such that

a(Te® 2) > 1 for all k € NU {0}. Then T has a fixed point z in X and {7} }
converges to z.

Theorem 6 [11] Let (X,d) be a complete b-rectangular metric space with a
constant s > 1l and o : X x X — " and 0 € O, be two given functions. Let
T : X — X be a continuous a-admissible mapping satisfying
a(z,y)d(Tz, Ty) < (M (x,y)) M (z,y),for all z,y € X,
where M (z,y) = max{d(z,y),d(z,Tz),d(y, Ty)}.

Assume that there exists zo € X such that a(zg, Txo) > 1 and a(zg, T%x0) > 1.
Then T has a fixed point.

Theorem 7 [11] Let (X,d) be a complete b-rectangular metric space with a
constant s > 1 and o : X x X — " and § € O, be two given functions. Let
T : X — X be an a-admissible mapping satisfying
oz, y)d(Tz, Ty) < 0(M(z,y))M(z,y),for all x,y € X,
where M (z,y) = maz{d(z,y),d(z,Tz),d(y,Ty)}.

Suppose also that

(i) there exists x9 € X such thata(xg, Tzg) > land a(xg, T%xg) > 1.

(ii) for any sequence {z, } € X such that nh_)ngo d(xn,x) = 0 and satisfying (@, Tpe1) >
1 for all n € NU {0}, we have a(z,,z) > 1 for all n € NU {0}.

(iil) for every pair x and y of fixed points of T, a(x,y) > 1.

Then T has a unique fixed point.

3. MAIN RESULTS

In this section, we define generalized («,1)) - Geraghty contraction mappings
in the setting of b-rectangular metric spaces and prove fixed point results for the
mappings introduced.

Definition 11  Suppose that ¢y € ¥, o : X x X — R" and § € O,. A self-
mapping T on a b-rectangular metric space (X,d) is called generalized (a, ) -



EJMAA-2022/10(2) GENERALIZED («, ) - GERAGHTY CONTRACTION 145

Geraghty contraction if it satisfies for all z,y € X the following condition:

o, y)e(s2d(Tz, Ty)) < 0(M(x,y))(M(z,y)), (1)
where M (z,y) = maz{d(x,y), d(z, Tx), d(y, Ty), LAl d@T0.dy L)y,

Theorem 8 Let (X, d) be a complete b-rectangular metric space, T : X — X and
a: X x X — RT. Suppose that the following conditions hold:

(1) T is a triangular a- orbital admissible mapping;

(2) T is generalized («,1)-Geraghty contraction mapping;
(3) there exists xg € X such that a(xg, Txo) > 1;

(4) for every pair  and y of fixed points of T', a(x,y) > 1 ;
(5) T is continuous.

Then T has a unique fixed point.

3
4
)

Proof. By (3) there exists o € X such that a(zg,Txz¢) > 1. Define iterative
sequence {z,} as tp41 = Txy,, for n € NU{0}. Suppose that x,, = Tn,+1 for some
ng € N. Since Tz, = Tp,+1 = Tpn, the point z,, forms a fixed point of T' that
completes the proof. From now on we suppose that x,, # x,1 for all n € NU {0}.
By condition (3), we have a(xg,Txo) > 1. Using Lemma 1, we obtain that

Xy, Tpy1) > 1 for all n € NU{0}. (2)
From (1) and (2), for all n € NU {0}, we have the following.

w(d(mm xn+1)) = 7/)(d(T='17n—17 Txn))

< olzp_1, 2)0(s2d(Try_1, Txy))
< G(M(xn—la xn))w(M(xn—h Z‘n))
< SU(M(no1,w))
So, we obtain
P, 0n41) < SO (no1,)) g
Where
M({En,h xn) = mam{d(fnh $n), d(l’n,h Txnfl); d(xnv T:En),

d(xp—1,Txn_1).d(xn, Txy) d@p—1,TTn-1).d(xn, Txy,)
14+ d(zp_1,2n) ’ 14+ d(Tzp—1,Tzy)

= max{d(o:n_l,xn),d(xn,_l,:cn),d(l‘n,z7l+1),

1 +d($n,1,$n) ’ 1 +d($n7xn+1)
= maz{d(xn-1,2n), d(Tn, Tnt1)}-

If M(zp—_1,2n) = d(zp,Tnt1), then by (3) we get,

Y(d(Zp, Tni1)) < %w(d(xn,xnﬂ)) < (d(xp, Tnt1)) which is a contradiction.
Hence M (xp—1,2zy) = d(xp—1,%,). Using (3), we have

Y(d(@n, Tnt1)) < Y(d(@n-1,20)).

Since 1) is non-decreasing, we have d(z,, n4+1) < d(xp—1,,). Hence the sequence

d(mn—la xn)d(mna xn+1) d(xn—la xn)d(xnv zn—&-l) }
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{d(xp,xns1)} is decreasing. So, {d(zn,xz,+1)} converges to a non-negative real
number. Thus there exists » > 0 such that

lim d(zp,zp41) =7 and d(xn, Tpp1) > 7 (4)

n— oo

We prove that r = 0. Suppose that r > 0. Since 9 is non-decreasing and by using
(3) and (4), we obtain that,

Lb(r) < 00) < B(dnsn,ns2)) = G(dTr0 o)

< a(wn, Tap) (P d(Tan, Tan 1))
< O(M(2n, @s1)) V(M (20, Tngr))
= H(d(zn,fﬂn+1)) ( (In,xn+l))
< 1/1( (‘rnvanrl))'

By applying limit as n — oo in the above inequality and by the property of 6, we
get

lim 6(d(xn, Tn11)) = 1, implies lim d(zy,%,41) = 0 which is a contradiction.
n—oo n—oo
Hence we have » = 0 and therefore

nhﬁn;() d(xp, Tnt1) = 0. (5)

Now, we shall prove that z,, # z,, for all n # m or x,, # xn4p for all n,p €
N. Assume on the contrary there exist n,p € N such that z, = x,4,. Since
d(xp, Tpy1) > 0 for each n € NU {0}. Without loss of generality, we may assume
that p > 1. Using (1) and (2), we obtain that

V(d(zn, 2pt1)) = Y(d(@ngp: Tnipt1)) = V(AT Tnip-1, TTpp))

< Ol(xn+p—17 xn-‘:—p)d)(szd(Txn-i-p—ly Tl'n—&-p))
< Q(M(xn-‘rp—lv xnﬂ-p))z/)(M(xn-ﬁ-p—la xn-&-p))
1

< ;¢(M($n+pflaxn+p)) S Y(M(Zptp—1,Tntp))-

So, we get
Y(d(@ns Tnt1)) = Y(A(@nip, Tnipt1)) < P(M(Tngp—1, Tntp))- (6)

Where
M(Tpyp—1,Tntp) = max{d(xn+p1,xn+p),d(xn+p1,Txn+pl), A(Tntps TTnpp,

A(Tpyp—1,TTnsp—1)-d(@nsp, TOnyp) d(@Tnip-1,TTpnip1)-ATnip, TThip)

)

1+ d(mnﬂ?*la xnﬂ))

= maz{d(zn+p_1, Trtp)s ATrtp—1,Tntp)s ATntps Tntpt1,

L+ d(Tonsp—1,TTnp)

d(@ptp—1, Tntp)-UTntp, Trspr1) A @nip—1, Tnp)-ATntp, Tngps1)

)

1+ d(Tntp—1, Tntp) 1+ d(Tntp, Tntpt1)

= maz{d(Tnip—1;Tntp)s ATntps Tntpt1)}-
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If M(2n4p—1,Tntp) = ATntp, Tntp+1), then from (6), we obtain that

Y(d(@n, Tnt1)) = V(A @nip Tntpt1)) < YA Tntp, Tntpr1)),

which is a contradiction. Hence M (Zy4p—1, Tn+p) = A(Tntp—1;Tntp)-
By (6) we obtain that

Y(d(@n, Tnv1)) = Y(d(Tnip Tnip+1)) < Y(A(@Tngp-1, Tnip))- (7)
From (7) we get,
d(@n, Tn+1) < A(Tngp—1, Tntp)-
By using (1) we have,

P(d(@nip-1,Tntp)) = V(A(TTnip2, TTnip-1))

< aTpgp—2, Tnyp-1)Y(s d(Tanrpf%Tanrpfl))
< OM(@np—25 Tntp—1)) V(M (Tntp—2, Tnip-1))
1
< VM (@nap-2, Tntp-1))
< Y(M(Tnip-2, Tpip-1)) = V(d(Tnip—2; Tntp-1))-

Since 1 is non-decreasing, we have

A(Tntp—1,Tnp) < ATngp-2, Tnip-1)-
By continuing this process, we obtain the following inequality

d(zy, Tnt1) < d(Tptp—1; Tntp) < A(Tntp—2; Tngp=1) < ... < d(Tp,Tpt1),

which is a contradiction. Hence z, # =z, for all n # m. We now prove that
{d(zn,xn+2)} is bounded. Since {d(xy,zn+1)} is bounded, there exists B > 0 such
that d(xy,, 2n41) < B for all n € NU{0}.

If d(xp, pt2) > B for all n € NU{0}, then from

M (2p—1,Tpt1) max{d(xn1, Tpi1), d(@Xn—1,TTn—1),d(Tps1, TTpir),

d(xnfh Txnfl)d(xn+1; T$n+1) d(l’n,h Txnfl)d(wnJrh Tanrl)
1+ d(xn—la mn-&-l) ’ 1+ d(Tzn—lv Txn+1)

= ma:v{d(xn1, Tnt1), A(Tn—1,Tn), A(Tnt1, Tnt2),

d(Tn—1,Tn)d(Tpt1, Tnt2) d(xnl,wn)d(mn+1,wn+2)}
1+d(zp—1,Tnt1) ’ 1+ d(zn, Tnia)
= d(Tp-1,Tnt+1)

and Lemma 1, we obtain that

Y(d(@n, Tny2)) = P(d(Trn—1, Tpi1))
(#n—1, T )Y ($?A(T2p—1, T 1))
(M(zn—1,Zn+1))Y (M (Tn-1, Tni1))
Y(M(zp-1,Tnt1))

(M(xp-1,2n11)) = Y(d(Tp—1,Tns1))- (8)

o

VARVAN
S

IN A
S » |-
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From (8) we get,

d(Tpn, Tnt2) < d(Tp—1,Tny1)-

This implies that {d(x,,z,12)} is decreasing and bounded.
If d(zy, ®py2) < B for some n € NU {0}, then from

M(zp, Tpy2) = maac{d(nlcn,x,th)7d(xn,T:vn),d(:anr%Tan)7

d(xna Txn)d(xn—&-% Txn+2) d(xna T:En)d(xn—l-% T:En—i-Q)
14 d(zp, Tniz) ’ 14+ d(Tzp, TTpyio)

= max{d($7u JUn+2)7 d(il?n, mn-f—l)a d($n+27 xn+3)7

d(l‘n, $n+1)d($n+2, mn—&-S) d(xvu xn+1)d(xn+27 33n+3)
1+ d(mn» xn+2) ’ 1+ d(xn+17 anrS)

= B
and Lemma 1, we obtain that

P(d(@ns1,2n43)) = P(d(Trn, Trny2))

< a(xn»anrZ)w( d(TxnaTxn+2))
S G(M(In;In+2))w(M(In;In+2))
< UM (0, 7042)) <YM (@0, 7012)) = (B).

Therefore, d(xy11,Tn+3) < B. This implies that {d(x,,z,2)} is bounded. We
next prove that lim d(z,,2,12) = 0. Suppose that lim d(z,,%,+2) # 0. So there
n—oo n—oo

exists a subsequence {x,, } such that klim d(Xn,,, Tny+2) = a for some @ > 0. Using
— 00

(1) and Lemma 1 we have,

w(d(xnk-‘rl’ xnk+3))

w(d(Txnk ) Txnk-i-?))

< a(xnkaxnk+2) ( (Txnk’Txnk-‘rQ))
< G(M(xnwxnk+2>) ( (xnk’xnk+2))
= a(d(xnkvxnk-i-?)) ( (xnkvxnk-i-?))

< ( (znkﬂxnk+2))'

Letting k — oo in above inequality we obtain that, klim 0(d(wpy, Tnypt2)) = L
— 00

this is klirn d(xn,,, Tn,+2)) = 0, which is a contradiction. Therefore,
—00
nh%rrgo d(Tpn, Tpta) = 0. 9)

We now prove that {z,} is a Cauchy sequence. Suppose that {z,} is not a Cauchy
sequence. Then there exist € > 0 and two subsequences {z,, } and {z,, } of {x,},
such that nj is the smallest index with ny > my > k for which

(T, Tny,) 2 € (10)

This implies that

€
ATy, Ty—1) < pt (11)
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By applying the b-rectangular inequality, using (10) and (11) we get that

€ < d(Tm,,Tn,)

IN

Sd(xmmxnk*l) + Sd(xnk*h x’nk*2> + Sd(xk*% xnk)

N

€
8; + sd(Tpy—1,Tnp—2) + sd(x, _2,Tn, )

€+ sd(Tn, —1,Tny,—2) + d(Tn,—2,Tn,)-

Letting k& — oo in above inequality, using (5) and (9) we get that

lm d(zp,,Tm,) = €. (12)
k—o0

By using (5) and (12) we obtain that
lim M(zn,,Tm,) = €. (13)

k—o0

By (12) and (13), there exists a positive integer ko such that d(zn, ,, Zm,,,) >0
and M (zy, , Tm,) > 0, for all k > k.
By Lemma 1 and using (1), for all ng > my > k > ko we get that

w(d(‘rnkJrl’xkarl)) w(d(Txnk’Tmmk))

< a(xnk s xmk)w(SQd(Txnk ’ Txmk))
< SO ().

Letting k — oo in above inequality, by (12), (13), the property of 6 and the conti-
nuity of ¢ we obtain that,

klim O(M (2, , Ty, )) = 1 it follows that klim M(zp,,Tm,)) =0, which is a contra-
—00 —00

diction.
Therefore, {z,} is a Cauchy sequence in X. Since X is complete b-rectangular
metric space, it follows that {x,} converges to x € X. Since T is continuous, we
have
z= lim z,41 = lim Tx, =T(lim z,)=Tz.

n—oo n—oo n—oo
Therefore, x is a fixed point of T'. Next we show uniqueness of fixed point.
Assume that T has two distinct fixed points, say x,y € X, such that x # y, or
d(x,y) > 0. Using (1) and the fact that a(z,y) > 1 gives

P(d(z,y)) = ¢(d(Tz,Ty))

< a(z,y)P(s*d(Tz, Ty))

< O(M(z,y))y(M(z,y))
1

<

SY(M(z,y)) < $(M(z,y))

where

M(z,y)

mao:{d(x, y),d(x, Tx),d(y, Ty),

d(x, Tx)d(y, Ty) d(z,Tz)d(y,Ty) }
14+d(z,y) ~ 14d(Tz,Ty)

— maa{d(r,y),0} = d(z.y).
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This implies, ¥(d(z,y)) < ¥(d(z,y)), which is a contradiction. Hence, d(x,y) = 0
or x = y. This completes the proof of the uniqueness of the fixed point. (I

Theorem 9 Let (X, d) be a complete b-rectangular metric spaces, T : X — X and
a: X x X — RT. Suppose that the following conditions hold:

(1) T is a triangular o~ orbital admissible mappings;

(2) T is generalized («,1)-Geraghty contraction mappings;

(3) There exists xg € X such that a(xg, Tzg) > 1;

(4) For every pair « and y of fixed points of T, a(z,y) > 1 ;

(5) if {x,} is a sequence in X such that a(z,,zp4+1) > 1 for all n € NU {0}
and x, — = € X as n — 0o, then there exists a subsequence {z,, } of {z,}
such that a(z,,,z) > 1 for all k € N.

Then T has a unique fixed point.

Proof. As in the proof of Theorem 8, we can construct the sequence {z,} in X
such that z,+1 = Ta,, for all n € NU {0}, a(z,,zn+1) > 1 for all n € NU {0}
and {x,} is Cauchy. Since X is complete there exists © € X such that z,, — x as
n — oo. By (5), there exists a subsequence {x,, } of {z,} such that a(z,,,z) > 1
for all k € NU{0}. We can suppose that z,,, # Tz for all k € NU {0}. Using (1),
we obtain that

P(sd(n i1, T))

Y(sd(Txy,,Tx))

< a(xnk,$)1/}(82d(Tl‘nk7Tﬂ;‘))
< 1

By taking the limit as k — oo in the above inequality, we have

lim (sd(zn,+1,Tx)) < lim (M (zy,,x)) (M (zn,,2)) < = lim (M (xy,,x)). (14)

k—oo k—o0 S k—oo
‘Where
M(zp,,x) = max{d(xnk,x),d(xnk,Txnk),d(x,TJ;),

A( X, Tap, )d(z, Tx) d(xn,, Try, )d(x, Tx)
L+ d(zn,,z) ~ 1+d(Tz,,Tx)

= max{d(mnk ) x)a d(‘rnk ’ xnkJrl)? d(l’, T:E),

Xy, Tnp+1)d(@, Tx) d(Xny, Tnpt1)d(z, Tx)
1+ d(zp,,) T 1+d(zpy41,Tx)

} —d(z,Tz), as k — oo.

Now, We prove that = Tx. Suppose that x # Tx. Then,
d(z,Tz) < sd(x,xn, ) + sd(Tn,, Tny+1) + sd(Tn, 11, Tx).
It follows that
d(z,Tz) < lim sd(zp,4+1,Tx). (15)

k—o0
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By using 9, 6, (13), (14) and (15), we obtain that
l/f(d(ﬂfaTiﬂ)) < khm 1/)(Sd(l'nk+1,Tx))
—00
< i [B(M (e, ) (M (i, 7))

IN

Lp(d(, Ta)) < W(d(z, T))

thus, klim O(M(y,,x)) = L, this implies that klim M(zp,,x) = d(z,Tz) = 0,
— 00 —> 00
which is a contradiction. Hence x = T'x and so, z is a fixed point of T. The proof

of uniqueness is identical to the proof of Theorem 8. ([l

Corollary 1
Let (X, d) be a complete rectangular b- metric spaces, T : X — X, a: X x X —
RT and # € O,. Suppose that the following conditions hold:

(1) afz,y)d(Tz,Ty) < O(M(z,y))M(z,y),

where M (x,y) = maz{d(z,y), d(z, Tx), d(y, Ty), A0  A0T0 L)

(2) T is a triangular o~ orbital admissible mapping;

(3) There exists 21 € X such that a(z1,Tz1) > 1;

(4) For every pair z and y of fixed points of T, a(z,y) > 1 ;

(5) Either T is continuous or {z,} is a sequence in X such that a(z,, zn41) > 1
for all n € NU {0} and z, - = € X as n — oo, then there exists a
subsequence {x,, } of {z,} such that a(z,,,z) > 1 for all £k € N.

Then T has a unique fixed point.

proof. The result follows by taking ¢(¢) = ¢ in Theorem 8 (or Theorem 9).
Corollary 2 Let (X, d) be a complete rectangular metric spaces, T': X — X and
PYEW, a: X xX — R, and § € . Suppose that the following conditions hold:

(1) alz,y)¢(d(Tz, Ty)) < O(M(z,y))p(M(z,y)),

where M (z,y) = maz{d(z,y), d(z, Tz), d(y, Ty), Ll dw.Ty) d.To).d Ty)

1+d(z,y) ' 14d(Tz,Ty)
T is a triangular a- orbital admissible mapping;

2)

(3) There exists 1 € X such that a(z1,Tzy) > 1;

(4) For every pair z and y of fixed points of T, a(z,y) > 1 ;

(5) Either T is continuous or {z,, } is a sequence in X such that a(z,, z,41) > 1
for all n € NU {0} and z,, - = € X as n — oo, then there exists a
subsequence {z,,} of {z,} such that a(z,,,z) > 1 for all kK € N.

Then T has a unique fixed point.

proof. The result follows by taking s = 1 in Theorem 8 (or Theorem 9).
Corollary 3 Let (X, d) be a complete rectangular metric spaces, T : X — X and
PYeW, a: X xX =R, and § € O©. Suppose that the following conditions hold:
(1) a(z,y)v(d(Tz, Ty)) < 6(d(z,y))P(d(z,y)) ;
(2) T is a triangular o~ orbital adnnsmble mapping;
(3) There exists 1 € X such that a(z1,Tz1) > 1;
(4) For every pair x and y of fixed points of T, oz(:lc y)>1;
(5) Either T is continuous or {z, } is a sequence in X such that Ty, Tpy1) > 1
for all n € NU {0} and 2, = = € X as n — oo, then there exists a
subsequence {z,,} of {z,} such that a(z,,,z) > 1 for all k¥ € N.
Then T has a unique fixed point.

b

b
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proof. The result follows by taking s = 1 and M(z,y) = d(z,y) in Theorem 8
(or Theorem 9).
Corollary 4 Let (X,d) be a complete rectangular metric spaces, T : X — X,
a: X xX — Rt and 0 € O. Suppose that the following conditions hold:

(1) a(z,y)d(Tz,Ty) < 6(M(z,y))M(z,y),

where M (z,y) = mazx{d(z,y), d(z, Tz), d(y, Ty), 4oL dwTy) d@.Ta) dy.Ty)y .

1+d(z,y) 1+d(Tz,Ty)
(2) T is a triangular a- orbital admissible mapping;
(3) There exists x1 € X such that a(xi,Txy) > 1;
(4) For every pair z and y of fixed points of T, a(z,y) > 1 ;
(5) Either T is continuous or {z,} is a sequence in X such that a(z,, zn41) > 1

for all n € NU {0} and z, — = € X as n — oo, then there exists a
subsequence {z,, } of {z,} such that a(z,,,z) > 1 for all kK € N.
Then T has a unique fixed point.

proof. The result follows by taking s = 1 and (t) = ¢ in Theorem 8 (or Theorem
9).
We now present an example for supporting our main result.
Example 1 Let X = {1,2,3,4}. Defined d: X x X — R as
d(z,x)=0forall z € X
d(1,2) =d(2,1) =20
d(2,3) =d(3,2) =d(1,3) =d(3,1) =2
d(1,4) =d(4,1) = d(2,4) = d(4,2) = d(3,4) = d(4,3) = 4.
Therefore (X, d) is complete rectangular b- metric spaces with s = 2 but (X, d) is
not a metric and rectangular metric space because it lacks the triangle and rectangle
inequality respectively as follows:
20 =4d(1,2) > d(1,3)+d(3,2) =2+2=4
20=4d(1,2) > d(1,3) +d(3,4) + d(4,2) =2+ 4+ 4 = 10.
Let T : X — X be the mapping defined by

T(z) = 2 fo#él
3 ifz=4.

Define a: X x X = R+, ¢ : Rt - RT and 6 : RT - [0,1) as

L otherwise.

ole.5) = {1 if 2,y € X\{4}
16

Y(t) =% and 0(t) = 1.
We next illustrate that all conditions in Theorem 8 and Theorem 9 are holds.
Taking zo = 1, we have a(zg, Tzo) = a(1,71) = a(1,2) =1 > 1.
We next prove that T' is an a-orbital admissible.
Let x € X such that o(x, Tx) > 1. Therefore z, Tz € X\{4} and then z € {1,2,3}.
By definition of «,, we obtain that
a(T1,T%1) = a(2,2) =1 > 1,
a(T2,7T%2) = a(2,2) =1 > 1,
a(T3,723) = a(2,2) =1 > 1.
It follows that T is an a-orbital admissible. Let z,y € X such that a(x,y) > 1 and
a(y, Ty) > 1. By the definition of «, we have z,y, Ty € X\{4}. This yields
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a(1,2) > 1 and «(2,72) > 1 implies «(1,72) > 1,
a(1,3) > 1 and «(3,73) > 1 implies «(1,73) > 1,
@(2,3) > 1 and «(3,73) > 1 implies «(2,73) > 1,
a(2,1) > 1 and «(1,71) > 1 implies «(2,71) > 1,
a(3,1) > 1 and «(1,71) > 1 implies «(3,71) > 1,

@(3,2) > 1 and «(2,72) > 1 implies «(3,72) > 1.

This implies that T is triangular a-orbital admissible. Let {x,,} be a sequence such
that a(z,,zpy1) > 1 for alln € N and z,, — x as n — co. By the definition of «,
for each n € N, we get that z,, € X\{4} = {1,2,3}. We obtain that = € {1,2,3}.
Thus we have a(x,,x) > 1 for each n € N. We next prove T is generalized («,¢)-
Geraghty contraction mapping. So we consider the following cases:

Case(i) For z,y € X\{4},we have

o, 9)(2d(Te, Ty)) = H(Ad(2,2)) = 0 < O(M (2, 5))$ (M, p)).

Case(ii) For z,y € {1,4}

d(1,T1)d(4,T4) d(1,T1)d(4,T4)

M(1,4) = maz{d(1,4),d(1,T1),d(4,T4), LT d(1,4)  14d(T,T9) }

80 80
= maxz{4,20,4,16, 3} =3

This implies that

a(174)'{/}(82d(T17T4)) = Tlfiw(4d(2’ 3)) = % < 9(M(174))1/1(M(1,4)) = %
Since d(z,y) = d(y,x) for all z,y € X, we also obtain that

a(4, 1)p(s?d(T4,T1)) < 0(M(4,1))9(M(4,1)).

Case(iii) For z,y € {2,4}

d(2,T2)d(4,T4) d(2,T2)d(4,T4)

M(2,4) = maz{d(2,4),d(2,T2),d(4,T4), e 1T }

= maxz{4,0,4,0,0} = 4.

This implies that

a(2,4)P(s%d(T2, T4)) = 152 (4d(2,3)) = § < O(M(2,4))p(M(2,4)) = 7.
Since d(z,y) = d(y,x) for all z,y € X, we also obtain that
a(4,2)P(s2d(T4,T2)) < 0(M(4,2))9(M(4,2)).

Case(iv) For z,y € {3,4}

d(3,T3)d(4,T4) d(3,T3)d(4,T4)
1+d(3,4) ' 1+d(T3,T4)

M(3,4) = max{d(3,4),d(3,73),d(4,T4), }

8 8

= maz{4,2,4, - 5 3}

4.

This implies that

a(3,4)9(s2d(T'3,T4)) = 15(4d(2,3)) = § < O(M(3,4)p(M(3,4)) = .
Since d(z,y) = d(y,x) for all z,y € X, we also obtain that

(4, 3)(s2d(T4, T3)) < O(M (4, 3))(M(4, 3)).

Case(v) Forz =y =4

d(4, T4)d(4,T4) d(4,T4)d(4,T4)
1+d(4,4) 1+d(T4,T4)}

M(4,4) max{d(4,4),d(4,T4),d(4, T4),

= maz{0,4,4,16} = 16.
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This implies that

(4, 4)0(s2d(T4,T4)) = £=1p(4d(3,3)) = 0 < O(M (4,4))1(M (4,4)) = 12.

Finally let z,y € F(T). Clearly x = y = 2, therefore, by the definition of a, we
have a(z,y) = a(2,2) =1 > 1. Hence all assumptions in Theorem 8 and Theorem
9 are satisfied and thus T has a unique fixed point which is z = 2.

4. CONCLUSION

The development of the field of fixed point theory depends on the generalization
of the Banach Contraction principle on complete metric spaces. This generalization
or extension comes up by either introducing new types of contractions or by work-
ing on a more general structured space such as rectangular b-metric spaces. In this
article, we have proven some fixed point theorems for generalized («, 1))-Geraghty
Contraction mappings in b-rectangular metric spaces and hence our results gener-
alize many existing results in the literature.
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