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1. Introduction

The celebrated Banach contraction principle which forms the foundation of the
metric fixed point theory, is one of the most widely used fixed point theorems in
all analysis. Over the years, this result has been generalized in different directions
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by various authors and researchers. Among such results, the works of Geraghty
[6], Amini-Harandi and Emami [2], Caballero et al. [4], Gordji et al. [7] etc. may
be mentioned. Samet et al. [18] introduced the concepts of o — 1—contractive
and a—admissible mappings and established fixed point results for such mappings.
Karapinar & Samet [11] further generalized these notions to obtain extended fixed
point results. Salimi et al. [17] modified the notions of o — ¥—contractive and
a—admissible mappings and established fixed point results for such mappings. Re-
cently, in the line of these developments, Cho et al. [5] defined the concept of
a—Geraghty contraction type maps in the setting of a metric space and proved
the existence and uniqueness of a fixed point of such maps. Further, Erdal Kara-
pinar [12] introduced the concept of o — 1)—Geraghty contraction type maps and
proved fixed point results generalizing the results obtained by Cho et al. [5]. Very
recently, Popescu [16] also generalized the results of Cho et al. [5] and gave other
conditions to prove the existence and uniqueness of a fixed point of a—Geraghty
contraction type maps. Then K. Anthony Singh [8] defined extended generalized
a—1p— Geraghty contraction type maps and proved fixed point results generalizing
the results obtained by Popescu [16].

In this paper, motivated by the results of Salimi et al. [17], Popescu [16] and
K. Anthony Singh [8], we define modified generalized o — 1)—Geraghty contraction
type maps in the setting of metric space and obtain the existence and uniqueness
of a fixed point of such maps. Our results extend the fixed point results of K.
Anthony Singh [8] and Popescu [16]. We also give some examples to illustrate our
results.

2. Preliminaries

In this section, we recall some basic definitions and related results on the topic
in the literature.
Let F be the family of all functions /5 : [0,00) — [0, 1) which satisfy the condition

lim §(t,) =1 implies lim ¢, =0.

n—oo n—o0

Geraghty used such functions to prove the following result.

Theorem 2.1. [6] Let (X,d) be a complete metric space and let T be a mapping
on X. Suppose there exists B € F such that for all x,y € X,

d(Tw,Ty) < Bld(z,y))d(z, y).

Then T has a unique fized point x. € X and {T™x} converges to x, for eachx € X.
Definition 2.2. [16] Let T : X — X be a map and o : X x X — R be a function.
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Then T is said to be a—orbital admissible if a(x, Tx) > 1 implies o(Tx, T?x) > 1.

Definition 2.3. [16] Let T': X — X be a map and o : X x X — R be a function.
Then T 1is said to be triangular a—orbital admissible if T is a—orbital admaissible
and oz, y) > 1 and a(y, Ty) > 1 imply a(x, Ty) > 1.

Lemma 2.4. [16] Let T : X — X be a triangular a—orbital admissible map.
Assume that there exists x1 € X such that a(xy,Tz1) > 1. Define a sequence {z,}
by Xp1 = Tx,. Then we have a(xy,, ) > 1 for all m,n € N with n < m.

Popescu [16] introduced the following contraction and proved some fixed point
results generalising the results of Cho et al. [5].

Definition 2.5. [16] Let (X,d) be a metric space and o : X x X — R be a
function. A map T : X — X is called a generalized a— Geraghty contraction type
map if there exists 5 € F such that for all x,y € X,

Of(l’,y)d(Tﬂ?, Ty) < B (MT(xa y)) MT(za y)>

where My(x,y) = max{d(x,y),d(x, Tx),d(y, Ty), [d(x, Ty) + d(y, Tx)]/2}.
We recall the following class of auxiliary functions defined in the paper by Erdal
Karapinar [12].
Let W denote the class of functions v : [0,00) — [0, 00) which satisfy the following
conditions:

(a) 1 is nondecreasing;
(b) % is subadditive, that is, ¥(s +t) < ¥(s) + ¥(t);
(¢) % is continuous;
(d)¢Y(t)=0<t=0.
Using this class of auxiliary functions, K. Anthony Singh [8] then introduced the
following contraction and proved some fixed point results generalising the results
of Popescu [16].

Definition 2.6. [8] Let (X, d) be a metric space and o : X x X — R be a function.
A map T : X — X is called an extended generalized o — 1— Geraghty contraction
type map if there exists B € F such that for all x,y € X,

a(z,y)P(d(Tz, Ty)) < B (Mr(z, )b (Mr(z,y)),
where My (z,y) = max {d(x,y),d(z, Tx),d(y, Ty), [d(x, Ty) + d(y, Tz)]/2} and ) €
v,

3. Main Results
We now state and prove our main results. First we introduce some new defini-
tions and concepts.
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Let ¥* denote the class of functions ¢ : [0, 00) — [0, c0) which satisfy the following
conditions:

(a) v is nondecreasing;

(b) % is continuous;

(c)Y(t)=0<1t=0.
This class of functions W* is more general than the class ¥ introduced by Karapinar
[12]. Here, we dispense with the subadditivity condition in ¥ which is not needed
in the proofs of our results.

Definition 3.1. LetT : X — X be a map and a,n : X x X — R be two functions.
Then T is said to be a—orbital admissible with respect to n if a(x, Tx) > n(z, Tx)
implies o(Tx, T?z) > n(Tx, T?x).

Note that if n(z,y) = 1, then T becomes an a—orbital admissible mapping and if
a(z,y) =1, then T is called an n—orbital subadmissible mapping.

Definition 3.2. Let T : X — X be a map and a,n : X x X — R be two func-
tions. Then T is said to be triangular a—orbital admaissible with respect to n if
T is a—orbital admissible with respect to n and o(x,y) > n(x,y) and a(y, Ty) >
n(y, Ty) imply oz, Ty) > n(z, Ty).

Note that if n(x,y) = 1, then T becomes a triangular a—orbital admissible mapping
and if a(x,y) =1, then T is called a triangular n—orbital subadmissible mapping.

Lemma 3.3. Let T : X — X be a triangular a-orbital admissible mapping with
respect to n. Assume that there exists v1 € X such that a(xy, Tx1) > n(xy, Txy).
Define a sequence {x,} by x,11 = Tx,. Then we have a(x,, ) > n(x,, xm,) for
allm,n € N with n < m.

Proof. Since T is a—orbital admissible mapping with respect to n and «o(zq, Txq) >
n(z1,Tzy), we have a(Tzy, T?xy) > n(Txy, T?11) ie. alry, x3) > n(w2,23). Con-
tinuing in this way, we get a(x,, Tn11) > n(Tp, Tpy1) for all n > 1. Let us sup-
pose that a(x,, ) > n(x,, x,) and prove that a(z,, Tmi1) > 7T, Tme1), where
n < m. Since T is triangular a—orbital admissible map with respect to n and
ATy Tina1) = Ty Tina1), we get a(x,, Tme1) > N(Tn, Tme1). Thus we have
proved that a(x,, ) > 1n(z,, z,,) for all m,n € N with n < m.

Theorem 3.4. Let (X,d) be a complete metric space, a,n : X x X — R be two
functions and let T : X — X be a map. Assume that

T,y € X7 oz(x,y) Z 77(%9) = ¢(d(T$>Ty)> S 5(¢(MT(xay)))¢(MT(x7y>>7

where Mr(z,y) = max{d(x,y),d(z,Tx),d(y, Ty), [d(x, Ty) + d(y, Tx)]/2} and
Y eV geF.
Suppose that the following conditions are satisfied
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(1) T is a triangular a—orbital admissible mapping with respect to n,

(2) there exists v1 € X such that o(zy, Txy) > n(xy, Txy),

(3) T is continuous.
Then T has a fived point x* € X, and {T"x1} converges to x*.
Proof. Let z; € X be such that a(zq, Tz1) > n(xy, Txq). We construct a sequence
of points {z,} in X such that x, ., = Tz, for n € N. If z,, = 2,41 for some n € N,
then z,, is a fixed point of T'. Therefore, we assume that x,, # x,., for all n € N.
By hypothesis, a(z1, x2) > n(x1, x2) and the map T is triangular a—orbital admis-
sible with respect to 7. Therefore by Lemma 3.3., we have
(T, 1) = (X, Tpyq) for all n € N
Then, we have

UV(d(Zns1, Tng2)) = Y(d(T2yn, Trpq))
B (Mp(p, Tpy1)))O(Mp(Tp, Tpyr)) foralln e N (3.1)

IN

Here, we have

My (2, 2py1) = max {d(zn, Tpi1), d(@n, Txy), d(Tpi1, TThiq),
[d<xn7 Txn+1) + d<xn+1a Txn)] /2}
= max {d(n, Tny1), d(Tni1, Tni2), d(Tn, Tny2)/2}
< max {d(Tn, Tni1), A(Tnp1, Tnya), [A(Tn, Tnia) + d(Tny1, Toya)] /2}

= nax {d('xn7 xn+1)7 d<xn+1a xn+2)} :

Let us suppose that d(z,,z,11) < d(Tpy1, Tpyo). Since S(Y(Mr(x,, xne1))) < 1,
we have from (3.1)

Y(d(xpi1, Tny2)) < Y(d(2pi1, Tnio)) which is a contradiction.

Therefore, we must have

d(xp, Tpt1) > d(Tpy1, Tnse) for all n € N and by then Mry(x,, x,41) = d(zp, Tpi1).

Thus the sequence {d(z,,x,.1)} is positive and decreasing.

Now, we prove that d(z,,z,11) — 0 as n — oo.

It is clear that {d(z,, r,11)} is a decreasing sequence which is bounded from below.
Therefore there exists r > 0 such that lim,,_, d(2y,, T 41) = 7. We show that r = 0.
We suppose on the contrary that » > 0. We have

V(d(Tpi1, Tpi2))
(d(@n, Tns1))

< B(d(wn, Tny1))) < 1.



414 South FEast Asian J. of Mathematics and Mathematical Sciences

Now by taking limit n — oo, we have

lim 6(¢(d(xmxn+l))) =1

n—oo

By the property of £, we have

lim (d(zp, py1)) =0 = lim d(2,, Tpy1) = 0,

n—o0 n—o0

which is a contradiction.
Therefore, we have
lim d(z,,x,1) =7 =0. (3.2)

n—oo

Now we show that the sequence {z,} is a Cauchy sequence. Let us suppose on the
contrary that {z,} is not a Cauchy sequence. Then there exists ¢ > 0 such that,
for all positive integers k , there exist my > n;, > k with

(T, Tn,) > € (3.3)
Let my be the smallest number satisfying the conditions above. Then we have
(T -1, Tp,) < € (3.4)
By (3.3) and (3.4), we have

€< d(xmlwx”k)
S d($mk7 xmk—l) + d<xmk—17 xnk>
< d(Tpy—1, T, ) + €
that is,
€ < d(xpmy, Tn,) < €+ d(Tm;—1,Tm,) forall ke N. (3.5)
Then in view of (3.2) and (3.5), we have

lim d(@p,, Tn,) = €. (3.6)

k—o0
Again, we have
(xmku xmk—l) + d(l’nk, xmk—l)

<d
S d(xmka xmkfl) + d(mnm wnkfl) + d(xmkflv :Enkfl)
<d

(wmk—l’ wmk) + d(‘rnk—h xm) + d(ZL‘mk, xnk)

d(xmkﬂ xnk)

and d(x,, -1, Tpny,—1)
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Taking limit as k¥ — oo and using (3.2) and (3.6), we obtain

lim d(zp,—1,Tn,—1) = €. (3.7)

k—oo

Also, we have

‘d(xmw xmkfl) o d(ajnm xmk)’ < d(zmku xmkfl)'
Taking limit as k — oo, we get

lim d(zy, , Tm,—1) = €.
k—o0

Similarly, we have

klggo d(Zpy,, Tpyp1) = €.

By Lemma 3.3., we get a(zn,—1, Tmp—1) > 1(Tnp—1, Tm,—1). Therefore, we have

¢(d(xmk’ xnk)) = ¢(d(Txmk_1’ T'rnk_l))
< BO(Mp(2n,—1, Tmg—1)) )Y (Mr(Tnp—1, Tmp—1))-

Here we have

MT(*rnk—17 xmk—l) = Inax {d<xnk—17 Imk—l)a d(xnk—17 Tx'r‘%—l)? d(xmk—l) Txmk—1)7
[d('xnk*17 T:kafl) + d(xmkfl? Txnkfl)] /2}
= maXx {d<xnk—1a xmk—l)a d(xnk—la $nk)7 d(xmk—la xmk)a

[d(‘rnk_17 x"”k) + d(xmk—17 xnk)] /2} :

And we see that

lim Mr(zp, -1, Tm,—1) = €.
k—o0

Now we have

¢(d(xnkv 'ka)>
Y(Mry (-1, Trmy—1))

By using (3.6) and taking limit as k — oo in the above inequality, we obtain

lim B (Mr (a1, @y 1)) = 1.

k—o0

< BY(Mr (-1, Tmy—1))) < 1.

So, limg oo V(M (Tp,—1, Timy—1)) = 0 = limg—y0o My (2p, 1, Zm,—1) = 0 = €, which
is a contradiction.
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Hence {z,} is a Cauchy sequence. Since X is complete, there exists * € X such
that x,, — z*. As T is continuous, we have Tz, — Tx* i.e. lim, oo Tpi1 = Tx*
and so * = Tz*. Hence x* is a fixed point of T

Theorem 3.5. Let (X,d) be a complete metric space, a,n : X x X — R be two
functions and let T : X — X be a map. Assume that

T,y € X7 a(:v,y) > 77(957?/) = ¢(d(T$>Ty)) < 5(¢(MT(9379)))¢(MT(357?J))»

where Mr(z,y) = max{d(x,y),d(z,Tx),d(y, Ty), [d(x,Ty) + d(y, Tx)]/2} and
Y evr pgeF.
Suppose that the following conditions are satisfied

(1) T is a triangular a—orbital admissible mapping with respect to n,

(2) there exists x1 € X such that a(xy, Txy) > n(xy, Ty),

(3) if {xn} is a sequence in X such that a(zn, Tpi1) > N(Tn, Tng1) for alln and
T, = x € X asn — 0o, then there exists a subsequence {xnu} of {xn} such that
a(Tnky, ) = N(@nmwy, v)for all k.
Then T has a fived point x* € X, and {T"x1} converges to x*.
Proof. The proof goes along similar lines of the proof of Theorem 3.4. We conclude
that the sequence {z,} defined by z,,13 = Tz, for all n € N, converges to a point
say * € X. By hypothesis (3), there exists a subsequence {x,, } of {z,} such that
a(xy,, ") > n(x,,, ") for all k. Now for all k, we have

O(d(2nyt1, Tx")) = P(d(Txy,, Ta"))
< BW(Mr (2, 27))) (M (2, 7))

so that
P(d(@n, 41, Ta")) < BWO(Mr(2n,, 27))) 0 (Mr (20, 7)) (3.8)
On the other hand, we have
Mr(zp,, ") = max{d(z,, ,x"), d(xpn, , Txp, ), d(z", Tx"),
[d(zp,, Te") +d(z*, Txy,)] /2}
= max {d(z,,, "), d(xp,, Tn,+1), d(z", Tx"),

[d(zn,, Tx") + d(a7, Ty, 41)] /2}
We suppose that z* # Ta* so that d(z*, Tx*) > 0. Taking limit k& — oo, we get

lim Mr(z,,,2") =d(z*, Tz").

k—o0
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Now we have

Y(d(@n, 41, T"))
WMy (2, %))
And taking limit k& — oo we get

lim (¢ (M (@, z7))) = 1.

k—o0

< B(p(Mr(zn,,27))) < 1.

So we have limy,_, o ¥ (Mr (2, ,2*)) = 0 which implies that limy_,o Mp(x,,,2*) =0

ie. d(z*,Tz*) =0.

This is a contradiction. Therefore we must have x* = Tx*.
For the uniqueness of a fixed point of the mapping T', we consider the following

hypothesis.

(K) For all z # y € X, there exists z € X such that a(z,2) > n(z, 2), a(y, z) >

n(y,z) and a(z,Tz) > n(z,Tz).

Theorem 3.6. Adding condition (K) in the hypotheses of Theorem 3.4. (resp.
Theorem 3.5.), we obtain that x* is the unique fized point of T.

Proof. Due to Theorem 3.4. (or Theorem 3.5.), we obtain that z* € X is a fixed
point of T Let y* € X be another fixed point of T" such that z* # y*. Then by
hypothesis (K), there exists z € X such that a(z*, z) > n(z*, 2), a(y*, 2) > n(y*, 2)
and a(z,Tz) > n(z,Tz).

Since T' is triangular a—orbital admissible with respect to 7, we get

alx*,T"z) > n(z*,T"z) and a(y*,T"z) > n(y*,T"z) for all n € N.
Then we have

Y(d(@", T 2)) = P(d(Ta", TT"2))
< B My (™, T"2)) )b (Mp (27, T"2)), Yn €N,
Here we have
Myp(x*,T"2) = max {d(z*,T"z),d(z*, Tx*),d(T"z, TT"2),
[d(z*, TT"2) + d(T"z,Tx")] /2}
= max {d(z*,T"z2),d(T"z,T""'2), [d(z*, T"""2) + d(«*, T"z2)] /2}
By Theorem 3.4. (or Theorem 3.5.) we deduce that the sequence {T"z} converges
to a fixed point z* € X. Then taking limit n — oo, we get lim,,_,oo Mrp(x*,T"2) =
d(x*,z*). Let us suppose that z* # z*. Then we have
Pd(a*, T 2))
7vb(‘]\4'T(x*7 Tnz))

< B (Mr(a”, T"2))) < 1.
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Taking limit n — oo, we get lim,, o, B(¥(Mp(z*,T"2))) = 1. Therefore we have
limy, 00 Y (Mp(2*,T"2)) = 0. This implies lim,,_,oo Mp(z*,T"2) = 0i.e. d(z*, 2*) =
0, which is a contradiction. Therefore, we must have z* = x*. Similarly, we get
z* = y*. Thus we have y* = z*. Hence x* is the unique fixed point of 7T'.

If we take n(z,y) = 1 in Theorem 3.4. and Theorem 3.5., then we get the following
theorem.

Theorem 3.7. Let (X, d) be a complete metric space, o : X X X — R be a function
and let T : X — X be a map. Assume that

T,y € Xv Oé({L‘,y) Z 1= w(d(T%T?/)) S B(¢(MT<xay)))¢(MT(x7y))a

where Mr(z,y) = max{d(x,y),d(z,Tx),d(y, Ty), [d(x,Ty) + d(y, Tx)]/2} and
v evr geF.
Suppose that the following conditions are satisfied

(1) T is a triangular a—orbital admissible mapping,

(2) there ezists x1 € X such that a(xy,Txy) > 1,

(3) either T' is continuous or if {x,} is a sequence in X such that a(x,, Tpi1) >
1 for all n and x, — x € X as n — 0o, then there exists a subsequence {xn(k)} of
{zn} such that a(xnmy, ) > 1 for all k.
Then T has a fived point x* € X, and {T"x1} converges to x*.
For the uniqueness of a fixed point of the mapping 7', we consider the following
hypothesis.
(K) For all  # y € X, there exists z € X such that a(x,z) > 1, a(y,z) > 1 and
a(z,Tz) > 1.

Theorem 3.8. Adding condition (K) in the hypotheses of Theorem 3.7., we obtain
that x* 1s the unique fized point of T

If we take a(z,y) = 1 in Theorem 3.4. and Theorem 3.5., we get the following
theorem.

Theorem 3.9. Let (X,d) be a complete metric space, n: X x X — R be a function
and let T : X — X be a map. Assume that

v,y € X, n(z,y) <1=(d(Te,Ty)) < B(Mr(x,y))Y(Mr(z,y)),

where My (z,y) = max{d(z,y),d(x,Tx),d(y, Ty), [d(x, Ty) + d(y, Tz)]/2} and
Yevr gelF.
Suppose that the following conditions are satisfied

(1) T is a triangular n—orbital subadmissible mapping,

(2) there exists x1 € X such that n(xy,Txy) <1,
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(8) either T is continuous or if {x,} is a sequence in X such that n(z,, v,+1) < 1
for all n and x,, — x € X as n — oo, then there exists a subsequence {xnw)} of
{xn} such that n(xywy,z) < 1 for all k.

Then T has a fived point x* € X, and {T"x1} converges to x*.

For the uniqueness of a fixed point of the mapping 7', we consider the following
hypothesis.

(K) For all z # y € X, there exists z € X such that n(z,z) <1, n(y,z) <1 and
n(z,Tz) < 1.

Theorem 3.10. Adding condition (K) in the hypotheses of Theorem 3.9., we
obtain that x* is the unique fixed point of T.
Clearly Theorem 3.7. implies the following results.

Definition 3.11. [8] Let (X,d) be a metric space and let o : X x X — R be
a function. Then a map T : X — X is called an extended generalized ov — p—
Geraghty contraction type map if there exists f € F such that for all x,y € X,

a(z,y)P(d(Tz, Ty)) < B (Mr(z,y))(Mr(z,y)),

where
Mr(z,y) = max{d(z,y),d(z, Tx),d(y, Ty), [d(x, Ty) + d(y, Tz)]/2} and i € V.

Theorem 3.12. [8] Let (X,d) be a complete metric space, o : X x X — R be a
function and let T': X — X be a map. Suppose that the following conditions are
satisfied

(1) T is an extended generalized ov — 1)— Geraghty contraction type map,

(2) T is a triangular a— orbital admissible mapping,

(3) there exists x1 € X such that a(xy, Txy) > 1,

(4) T is continuous.
Then T has a fived point x* € X, and {T"x1} converges to x*.

Theorem 3.13. [8] Let (X,d) be a complete metric space, o : X x X — R be a
function and let T : X — X be a map. Suppose that the following conditions are
satisfied

(1) T is an extended generalized ov — 1)— Geraghty contraction type map,

(2) T is a triangular a— orbital admissible mapping,

(3) there exists x1 € X such that o(zy, Txy) > 1,

(4) if {zn} is a sequence in X such that a(x,,x,1) > 1 for all n and z, —
r € X as n — oo, then there exists a subsequence {xnmy} of {x,} such that
a(Tnry, x) > 1 for all k.
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Then T has a fized point x* € X, and {T"x1} converges to z*.
(K) For all z # y € X, there exists z € X such that a(z,2) > 1,a(y,z) > 1 and
a(z,Tz) > 1.

Theorem 3.14. [8] Adding condition (K) in the hypotheses of Theorem 3.12.(resp.
Theorem 3.13.), we obtain that x* is the unique fized point of T.

If we further take 1(t) = t in the above theorems 3.12., 3.13., 3.14., then we get
the fixed point results of Popescu [16].

Now, we give two examples to illustrate Theorem 3.7. and Theorem 3.9.

Example 3.15. Let X = [-2,—-1]U {0} U [1,2] and let d(z,y) = |z — y| for all
z,y € X. Then (X,d) is a complete metric space. And let 5(t) = % for all t > 0.
Then § € F. Also let the function ¢ : [0,00) — [0,00) be defined as ¥(t) = £.
Then we have ¢ € U*.

Let a map T': X — X be defined by

—z ifre[-2,-1)U(l,2],
Ty =
0 ifze{-1,01}.

And let a function a : X x X — R be defined by

1 if zy >0,
oz, y) =

0 otherwise.

If a(z,Tx) > 1, then 2Tx > 0. This implies that Tx = 0 and so «(Tz, T?z) > 1.
Also if a(z,y) > 1 and a(y,Ty) > 1, then Ty = 0. Thus 2Ty = 0 and so
a(x,Ty) > 1. Therefore, T is triangular a-orbital admissible. Condition (2) of
Theorem 3.7. is satisfied with x; = 1. If {z,,} is a sequence in X such that
a(Tp,tye1) > 1foralln € Nand z, - x € X as n — oo, then z,x > 0 and so
a(x,,z) > 1 for all n.

We finally show that

v,y € X, a(z,y) 21 = (d(Tz,Ty)) < f((Mr(z,y))b(Mr(z,y)).
Let a(x,y) > 1. Then xy > 0 and we have the following possible cases.

Casel. x =0,y € {—1,0,1}. Then Tx = 0 and Ty = 0. Therefore d(Tz,Ty) = 0
and Y (d(Tz,Ty)) = 0. Thus we have

W(d(Tx, Ty)) < B (Mr(z,y)))p(Mr(z,y)).
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Case 2. y =0,z € {—1,0,1}. This case is similar to case 1.
Case 3. x =0,y € [-2,—1)U (1,2]. Then d(Tz,Ty) = |y|, Mr(z,y) > 2|y|. So,

d(Tz,T 1 M.
d(Tx, Ty) < Mr(z,y)/2 = ( 362 v) <3 T(;,y)

= Y(d(Tz, Ty)) < B (Mr(z,y)))p(Mr(z,y)).

Case 4. y =0,z € [-2,—1) U (1,2]. This case is similar to case 3.
Case 5. x =1, y € (1,2]. Then d(Tz,Ty) = |y|, Mr(z,y) > 2|y|. So,

d(Tz,Ty) 1M
AT, Ty) < Mr(z,y)/2 = 2 ”g y) <3 T(;’y)

= P(d(Tx,Ty)) < B (Mr(x, )P (Mr(z,y)).

Case 6. © = —1, y € [-2,—1). This case is similar to case 5.
Case 7. y =1,z € (1,2]. Then d(Tx,Ty) = |z|, Mr(x,y) > 2|z|. So,

d(Tx, T 1M
(T2, Ty) < My(,) /2 > DWT2TY) < S AIr(0)

= Y(d(Tx, Ty)) < B (Mr(z,y)))p(Mr(z,y)).

Case 8. y = —1, x € [-2,—1). This case is similar to case 6.
Case 9. z,y € [-2,—1), then d(Tz, Ty) = |z — y| < 1 and Mp(z,y) > —2z > 2.
Therefore ¢(d(Txz,Ty)) < 5 and S(¢(My(x,y)))Y(Mr(x,y)) > 5. Thus we have

(d(Tz,Ty)) < (v (Mr(z,y)))¥(Mr(z,y)).

Case 10. z,y € (1,2]. This case is similar to case 9.
Case 11. (z,y) = (1,1) = (—1,—1). Then d(Tz,Ty) = 0 and ¢¥(d(Tz,Ty)) = 0.
Thus we have

Y(d(Tz, Ty)) < B (Mr(z,y)))d(Mr(z,y)).
Thus all the conditions of Theorem 3.7. are satisfied and 7" has a unique fixed

point z* = 0.

Example 3.16. Let X = [0,00) and let d(z,y) = |z — y| for all z,y € X. Then
(X,d) is a complete metric space. And let §5(t) = % for all t > 0. Then 8 € F.
Also let the function ¢ : [0,00) — [0,00) be defined as ¢ (t) = £. Then we have
e v

Let a map T': X — X be defined by

s’ if z € [0,1],
Tx =
’4+1 ifxe(l,00).
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And let a function 1 : X x X — R be defined by

1 ifz,yel0,1],
n(z,y) =

2 otherwise.

We show that T is a triangular n-orbital subadmissible mapping. If n(z, Tx) < 1,
then Tz € [0,1] and also T2z € [0,1]. Therefore n(Tz,T?z) < 1. Again if
n(z,y) <1 and n(y,Ty) <1, then z,Ty € [0,1]. Therefore n(z,Ty) < 1. Thus T
is a triangular n-orbital subadmissible mapping.

Condition (2) of Theorem 3.9. is satisfied with x; = 1.

If {z,} is a sequence in X such that n(z,,z,41) < 1lforalln € Nand z,, - x € X
as n — oo, then z,, € [0,1], Vn € N and hence x € [0,1]. This implies that
n(x,,x) <1 for all n.

Let n(x,y) < 1. Then z,y € [0,1]. Therefore, we have

1 1 1 1 1
d(Tz,Ty) = 6|x2 — 7| = 5!?6 —yllr+yl < g\w —y| < §|ﬂf -yl < §MT(:U7y)
= %d(T:v,Ty) < % X %MT(w,y)
= Y(d(Tz, Ty)) < B (Mr(x,y)))(Mr(2,y)).

Thus all the conditions of Theorem 3.9. are satisfied and T has a unique fixed
point z* = 0.
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