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Abstract

In this paper, we introduce the notation of (o —1) — (\ — @)-contraction mappings defined on a set X. We prove the
existence of common fixed point results for the pair of self-mappings involving C-class functions in the setting of metric space.
Our results generalize and extend several works existing in literature. We provide an example and some applications in order
to support our results. (©2017 All rights reserved.
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1. Introduction

The techniques of fixed point theory have been applicable in some fields such as Biology, Physics,
Economics, Engineering and Game Theory. Several mathematicians have been generalized fixed point
theory in multi-directions. One of the most important tools in fixed point theory is the Banach contraction
principle, a lot of authors extended and generalized the Banach contraction principle to many directions
(for example see [3, 6, 12, 15, 17-19]). Samet et al. [17] introduced the concept of & —1p-contractive type
mapping and they utilized their new concept to establish and proved many fixed point theorems. After
that several authors used the concept of x-admissible mappings to demonstrate new results in many
spaces (see [2,7,9,11, 12, 14, 16, 17]). In 2013, Salimi et al. [16] modified the concept of x — - contractive
type mapping and established fixed point results in metric space. Recently, Hussain et al. [9] proved
some fixed point results for single and multi-valued « —1n —1p-contractive type mapping in complete
metric space. Very recently, Ansari and Kaewcharoen [5] introduced a new type of contraction based on
a-admissible with respect to another function n and proved some fixed point theorems of such mappings.

Samet et al. [17] presented the concept of x-admissible mappings as the following:
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Definition 1.1 ([17]). Let f: X — X and o« : X x X — [0, 00). Then f is called «-admissible if for all x,y € X
with «(x,y) > 1 implies o(fx, fy) > 1.

Definition 1.2 ([11]). Let T : X — X and o : X x X — [0,00). Then T is called a triangular a-admissible
Mapping if

1. T is x-admissible;
2. a(x,z) 21 and «(z,y) > 1 imply x(x,y) > 1.

In 2014, Ansari [4] defined the concept of C-class function as the following:

Definition 1.3 ([4]). A mapping F: [0, +00) x [0, +00) — R is called a C-class function if it is continuous
and for s, t € [0, 00), F satisfies the following two conditions:

1. F(s,t) <s;and
2. F(s,t) = s implies that either s =0ort = 0.

The family of all C-class functions is denoted by €.

Example 1.4 ([4]). The following functions F : [0, +00) x [0, +00) — R are elements in C.

1. F(s,t) =s—tforalls,t € [0,00).

2. F(s,t) =ks forall s,t € [0,00), where 0 < k < 1.

3. F(s,t) = 1+t forall s,t € [0,00), where r € [0, o).

4. F(s,t) = (s+1)I/O+Y) _{forall s, t € [0,00), where T € (0,00), 1 > 1.

5. F(s,t) =slog,,  aforalls,t € [0,00), where a > 1.

6. F(s, t) =s— (iii)(m) forall s, t € [0, c0).

7. F(s,t) =sP(s) forall s,t € [0,00), where $ : [0,00) — [0,1) is continuous.

8. F(s,t) = s— @(s) for all s,t € [0,00), where @ : [0,00) — [0,00) is a continuous function such that

s,

@(t) =0if and only if t = 0.

9. F(s,t) = sh(s,t) forall s,t € [0,00), where h: [0,00) x [0,00) — [0, 00) is a continuous function such
that h(s,t) <1 forall s, t € [0, c0).

10. F(s,t) = s—(ﬁi)t forall s, t € [0, 00).

11. F(s,t) = ¥/In(1+sm) for all s,t € [0, 00).

In 2016, Ansari and Kaewcharoen [5] gave the definition of a generalized & —n —1 — ¢ — F-contraction
type mapping and proved same fixed point theorems for such mappings in complete metric spaces.

Definition 1.5 ([5]). Let (X, d) be a metric space and &, 1 : X x X — [0,00) be two functions. A mapping
T:X — X is said to be a generalized « —n —1 — ¢ — F-contraction type mapping if x(x,y) > n(x,y)
implies

Y(d(Tx, Ty)) < F(b(M(x,y)), (M(x,y))),
where

M(x,y) = max{d(x,y),d(x, Tx), d(y, Ty)}

Hussain et al. [8] introduced the concepts of o —n-complete metric spaces and &« —n-continuous
functions.

Definition 1.6 ([8]). Let (X, d) be a metric space and &, 1 : X x X — [0, c0) be two functions. Then X is said
to be an «,m-complete metric space if every Cauchy sequence {x,} in X with &(xn,Xn41) = N(Xn, Xn+1)
for all n € IN converges in X.

Definition 1.7 ([8]). Let (X, d) be a metric space and &, 1 : X x X — [0,00) be two functions. A mapping
T: X — Xis said to be an o, n-continuous mapping if each sequence {x,} in X with x, = x as n — oo and
o (Xn, Xn+1) = N(Xn, Xn4+1) for all n € N implies Tx,, — Tx as n — oo.
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Theorem 1.8 ([5]). Let (X, d) be a metric space. Assume that «,m : X x X — [0, 00) are two functions and
T: X — Xis a mapping. Suppose that the following conditions are satisfied:

1. (X, d) is an o, n-complete metric space;

2. T is generalized o« —m —p — @ — F-contraction type mapping;
3. T is triangular «-orbital admissible mapping with respect to n;
4. there exist x1 € X such that «(x1, Tx1) > n(x1, Tx1);

5. Tis an «,n-continuous mapping.

Then T has a fixed point x* € X.

Moreover, many authors utilized the C-class functions in several spaces to obtain many interesting
results. For more details see [2, 7, 9, 11, 14, 16].

Lemma 1.9 ([1]). Suppose that (X, d) is a metric space and {xn} is a sequence in X such that d(xn,xny1) — 0as
n — oo. If {xn} is not a Cauchy sequence, then there exist an € > 0 and sequences of positive integers {m(k)} and
{n(k)} with m(k) > n(k) > k such that d(Xm k), Xnk)) = € Ad(Xm)—1,Xn(k)) < € and

1. limy 00 d(Xm k), Xn(k)) = 0;
2. limy—yo0 d(Xm(k)—1, %n(k)) = 0;
d(Xm (k)

n(
3. limy 00 d(Xm k), Xn(k)—1) = 0.

Khan et al. [13] introduced the notion of an altering distance function as follows:

Definition 1.10 ([13]). A mapping { : [0,+00) — [0,+00) is called an altering distance function if the
following properties are satisfied:

1. 1 is monotone and nondecreasing;

2. P(t) =0if and only if t = 0.

The set of all altering distance functions is denoted by W. In the rest of this paper, we set ® = {¢ :
[0, +00) — [0,4+00) is continuous and @(t) =0 < t =0}

2. Main result

In this section, we introduce the concept of a triangular x-admissible mapping with respect to 1 and
we prove the existence of common fixed point results on o —n-complete metric space for generalized
F-contraction.

We start our work by introducing the notion of triangular x-admissible for pair of self-mappings T
and S on a set X.

Definition 2.1. Let S, T : X — X be two mappings and « : X x X — [0, 4+0c0) be a function such that the
following conditions hold:

1. if a(x,y) > 1, then «(Sx,Ty) > 1 and «(TSx,STy) > 1;
2. if x(x,z) > 1 and «(z,y) > 1, then «(x,y) > 1.

Then we say that the pair (S, T) is triangular «-admissible.

Now, we introduce the notion of triangular x-admissible with respect to another function n for the
pair of self-mappings S and T on a set X.

Definition 2.2. Let S, T : X — X be two mappings and «,1 : X x X — [0, +00) be two functions such that
the following conditions hold:

1. if a(x,y) = n(x,y), then «x(Sx, Ty) > n(Sx, Ty) and x(TSx, STy) > n(TSx, STy);
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2. if «(x,z) = n(x,z) and «(z,y) = n(z,y), then x(x,y) > n(x,y).
Then we say that the pair (S, T) is triangular «-admissible with respect to 1.
Now, we introduce the following example to illustrate our new definition.

Example 2.3. Let X = [0, +00). Define S, T : X — X by Sx = x, Tx = x2. Also, definition the functions
o,m : Xx X = [0,400) by a(x,y) = €Y and n(x,y) = e¥*. Then the pair (S, T) is triangular o-
admissible with respect to 7.

Proof. If «(x,y) = n(x,y), then e¥tY > e¥ ™. So x+y > y—x. So 2x > 0. Hence x > 0. Since
x > —x, then x +y2 > y?> —x. So extv’ > ev’—*. Hence x(x,y?) = n(x,y?). So «(Sx, Ty) = n(Sx, Ty).
Also, since x> > —x?, then x> +y? > y> —x%. So eX’+v? > ev’** Hence x(x2,y?) = n(x%y?). So
«(TSx,STy) > n(TSx,STy). Also, if «(x,z) > n(x,z), and «(z,y) = n(zy), then x+z > z—x and
z+y >y—z. S0, x > —x and hence x +y >y —x. Then etV > eY~*. Therefore x(x,y) > n(x,y). O

The following lemma will be helpful for us to achieve our main results.

Lemma 2.4. Let S, T : X — X be two mappings and «,m : X x X — [0,400) be two functions such that the
pair (S, T) is triangular x-admissible with respect to n. Assume that there exist xg € X such that «(xo, Sxg) >
N(xo, Sxo). Define a sequence {xn} in X by Sxon = Xon+1 and Txon 1 = Xon42. Then o(xn, Xm) = N(Xn, Sxm)
forall m,n € N withn < m.

Proof. Since x(xg,Sxp) > 1and S, T are «- admissible, we get

o(x0,x1) = a(xg, Sxo) = Mn(x0, Sxo).
By triangular a-admissibility, we get

ot(Sxo, Tx1) = a(x1,%2) = n(x1, Sx2)
and

oc(TSx0, STx1) = ax(x2,x3) = n(x2, Sx3).
Again, since o(x2,x3) > 1n(x2, Sx3), then
o(Sx2, Txa) = a(x3,x4) = N(Sx2, Txz) =n(x3, Sx4)
and
o(TSx2, STx3) = (x4, Sx5) = Nn(TSx2, STxz) = n(x4, Sxs).

By continuing the above process, we conclude that &(xn,Xn+1) = M(xn, Xn41) for all n € N U{0}.
Now, we prove that «(Xn,Xm) = N(xn,Xm ), forall m,n € N withn < m. Given m,n € N withn < m.
Since

{(X(Xm/ Xm+1) 2 N0m, Xma1), @(Xmy1, Xm+2) 2 N(xma1, Xm+2),
then, we have
o(Xm, Xm+2) = N(Xm, Xm2).
Again, since
{“(Xm/ Xm+2) 2 N(Xm, Xm+2),
o(Xmt2, Xm+3) = N(Xm+2, Xm+3),

we deduce that
% (Xm, Xm43) = N(Xm, Xm+3)-

By continuing this process, we have

o(Xn, Xm) = Nxn,xm) Vn e N with m >n. O
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Let S, T be two self-mappings on a set X. In the rest of this paper, we let
M (x,y) = max{d(x,y), d(x, Sx), d(y, Ty)}-

In order to facilitate our subsequent arguments, we introduce the notion of generalized F-contraction for
a pair of self-mappings S, T on a set X.

Definition 2.5. Let (X, d) be a metric space, T,S : X — X be two mappings and &, 1 : X x X — R be
two functions. Let F € €,V € ¥ and ¢ € ®. Then the pair (S, T) is called generalized F-contraction if
a(x,y) = n(x,y), then

P(d(Sx, Ty)) < Fp(M*(x,y)), o(M*(x,y))).

Theorem 2.6. Let (X, d) be a metric space and S, T be two self-mappings on X. Assume that x,m : X x X — [0, 4+00)
are two functions. Suppose that the following conditions hold:

1. (X, d) is an o, n-complete metric space.

2. (S, T) is generalized F-contraction.

3. (S, T) is triangular x-admissible with respect to n.

4. There exists xg € X such that o(xg, Sxg) = 1n(xo, Sxo).
5. Sand T are «,n-continuous mappings.

Then (S, T) have a common fixed point.

Proof. We present our proof in three steps:

Step 1. Let xg € X be such that «(xo, Sxg) > n(xo, Sxg). Define a sequence {x,} in X such that xon4+1 = Sxon
and Xon42 = Txon41 for all m € N. If x,; = X, 41 for some ng € IN, then it is very easy to show that S
and T have a common fixed point. Now, since the pair (S, T) is x-admissible with respect to 1, then

o(x1,x2) = o(Sxo, Tx1) = n(Sxo, Tx1) = n(x1,%2)
and
a(x2,x1) = a(Txq, Sxp) = n(Tx1, Sx0) =1n(x2,%1).

Again, by using x-admissible property with respect to n, we have
a(x2,%3) = &(Tx1, Sx2) = n(Tx1, Sx2) = n(x2, x3)

and
a(x3,%2) = a(Sxz, Tx1) = n(Sxz, Tx1) = n(xs, x2).

Repeating the above process for n-times, we have ot(xn, Xn 1) 21(xn, Xn4+1) and &(xn 41, Xn) ZN(Xn41, Xn ).
Using the property of triangular x-admissibility with respect to 1, we can deduce that for any n,m € N
with m > n, we have &(xn,Xm) = N(xn, Xm) and a(Xm, Xn) = N(Xm, Xn).

Suppose xon # Xony1 for all n € IN, by Lemma 2.4, we have o(xon,Xon+1) = 1N(X2n, Xon+1) for all
n € IN. Since (S, T) is a generalized F-contraction mapping, we have

P(d(x2n+1,%2n+2)) = P (d(Sx2n, Tx2n41))
(M* (X2n/ X2n+1))/ (P(M* (XZn/ X2n+1))) (21)

P(M*(x2n, X2n+1 )

for all n € N, where

M* (Xan X2n+1) = max{d(x2n, Xon+1 )/ d(Xan Sxon )/ d(x2n+1/ Txon41 )}

= max{d(Xon, Xon+1), d(X2n, Xon+1), d(Xon+1, Xon+2)}
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= max{d(X2n, Xon+1), d(Xon+1, Xon42)}

If M*(xon, Xon+1) = d(X2n+1, X2n+2), then

< F((M* (x2n, X2n+1))/ (p(M* (X2n, X2n+1)))
< PY(M*(x2n, X2n+1))
< YP(dxan, xan+1))-

w(d(X2n+lr X2n+2))

Since xon # Xpny1 foralln € N, and Y € ¥, ¢ € ®©, we have Y (d(xon, Xonr1)) Z 0 and @(d(xon, Xon41)) #
0. According to the definition of a C-class function, we conclude that

P(d(xon+1,%2n+2)) < P(d(x2n, X2n+1)),

which is a contradiction. Thus we conclude that
M*(X2n, Xon+1) = d(X2n, Xon+1)- (2.2)

By (2.1) and (2.2), we get (d(X2n+1,X2n+2)) < W(d(X2n, X2n+1)) for all n € IN. Since  is nondecreasing,
we have d(xon 11, Xon12) < d(xpn, Xony1) for all m € IN.

Similarly, we can show that d(xn,xon4+1) < d(xan—1,%2n). So, we conclude that d(xn,Xny1) <
d(xn—1,%xn) for all n € INU{0}. It follow that the sequence {d(xn,Xn+1)} is non-increasing for all n € IN.
Therefore there exists v > 0 such that lim, o d(Xn, Xny1) = 7. We claim that r = 0. Now, we have

Y(d(xn+1,Xn+2)) < F(d(xn, Xn+1)), @(d(Xn, Xn41))).

Taking n — oo , we obtain that

B(r) < F(r), o(1)).
This implies that {(r) = 0 or ¢(r) = 0 which yields

lim d(xn,Xns1) =0. (2.3)

n—oo
Step 2. To prove that {x,,} is a Cauchy sequence by Lemma 1.9, there exist ¢ > 0 and two subsequences
(Xm0t and {xp ()} of {xn} with my > ny > k such that:
d(Xn (k) Xmk)) = € d(Xn (k) Xm(k)—1) < €.
Then, using the triangular inequality we get
€ < dxXn k), Xm(x)) < dXn ), Xm(k)—1) + AXm 1) —1, Xm(x))
< €+ d(Xmk)—1,Xm(x))-

Taking k — oo in the above inequality and using (2.3), we get

lim d , = €.
Jm (Xn(k), Xm(k)) = €

Since
| d(Xn (k) Xm(k)—1) — A%n (1) Xm (k) 1< dXm (k) Xm () —1),

we have limy o d(Xp (k), Xm(k)—1) = €. Similarly, we obtain that

Jm d(xn ), Xm)-1) = M d(xn -1, Xmo-1) = €.

Given n(k), m(k) € N with m(k) > n(k). We will take four cases.
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CaseI: n(k)is odd and m(k) is even. Here, n(k) = 2k +1 and m(k) = 2k + s + 1 for some k, s € IN, where
s is odd. Since a(Xpk11, Xok+14s) = N(X2k+1, X2k +1+s) and by Lemma 2.4, we conclude that

P(d(Sxn(k)—1, TXm(k)—1))

(
P(d(Sxox, Txok4s)) (24)
F(O(M™ (x2x, X2k +5)), @ (M™ (X2x, X2k 45))),

P(d(Xn (k) Xm(k)))

N

where
M™ (x21, X2k +s) = max{d(xok, Xok4s), d(x2k, Sx21 ), d (X245, TX2k+5)}
= max{d(xak, Xok+s), d(X2k, X2k +1), A(X2k+s, X2k +5+1) -

So

lim M*(x2k, X2k +s) = €. (2.5)
n—oo

By (2.4) and (2.5), we have
b(e) < F(b(e), @(e)).

It follows that {(e) =0 or @(e) = 0. So e = 0 which is a contradiction. Thus {x,,} is a Cauchy sequence.
Case I : n(k) and m(k) are both odd. By triangular inequality, we have
d(Xn (k) Xmk)) < A0 (k) Xm(k)—1) + A Xm ) =1, Xm(k))-

Letting n(k), m(k) — +oo in above inequality and by using Case I, we get

llm M* S X = €.

We have P (e) < F(P(e), @(€)). It follows that P(e) =0 or @(e) = 0.

Case Il : n and m are both even. By triangular inequality, we have
d(Xn (k) Xmk)) < dXn (k) Xn(k)+1) + AXn ()41, Xm (k) )-
Letting n(k), m(k) — +oo in above inequality and by using Case I, we get

llm M* x X = €.
n(k)m(k)—+oo ( n(k) m(k))

We have P(e) < F(P(e), @(€)). It follows that P(e) =0 or @(e) = 0.

Case IV : n is even and m is odd. By triangular inequality, we have

d(xn (k) Xmk)) < dXn (k) Xn(k)+1) + AXn 0 +1, Xm0 —1) + AXm k=1, Xmk)) = 0.
Letting n(k), m(k) — +oo in above inequality and by using Case I, we get

llm M* x X .
n(k),m(k)—+oo (Xn (1) Xm(x))

We have P (e) < F(P(e), @(€)). It follows that P(e) =0 or @(e) = 0.
Combining all cases together, we conclude that (xn ) is a Cauchy sequence in X.

Step 3. We now prove that S and T have a common fixed point.
Since {xn} is a Cauchy sequence in the o, n-complete metric space X, then there exists x* € X such
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that x, — x*. Since S, T are «,n-continuous mappings, we get Sxon, — Sx* and Txon41 — Tx*. Since
Xon+1 = Sxon and xon 41 — X*, by uniqueness of limit, we get

Sx* =x*.

Again, Since xon 42 = Txon41 and xpn42 — x*, by uniqueness of limit, we get

*

Tx* =x*.
So x* is a common fixed point of S and T. O

The continuity of S and T in Theorem 2.6 can be dropped if we replace condition(5) by suitable
condition.

Theorem 2.7. Let (X, d) be a complete metric space and S, T be two self~mappings on X. Assume that «,1 :
X x X = [0, 00) are two function. Suppose that the following conditions are satisfied:

1. (X, d) is an o, n-complete metric space.

(S, T) is generalized F-contraction.

(S,T) is triangular x-admissible respect to 1.

There exists xg € X such that o(xg, Sxg) = 1(x0, Sxo).

If {xn} is a sequence in X such that &(xn,Xn+1) = N(Xn, Xn41) foralln € N and x, — x* € Xasn — oo,
then there exist a subsequence {xn (i)} of {xn} such that o(xy (), x*) = n(xn(k),x*) for all k € IN.

Ol LN

Then S and T have a common fixed point.

Proof. By using the proof of Theorem 2.6, we can construct a sequence {x,} in X which is defined by
Xon+1 = SXon and Xon 42 = Txon 41 for all n € IN converging to x* € X such that ot(xn, xn+1) = N(Xn, Xn+1)
for all n € IN. By condition(5), there exist a subsequence {x, (i)} of {xn} such that a(x, ), x*) >
N(xn(k),x*) for all k € IN. Therefore,

P(d(xon k)41, TX*)) = Y (d(Sxon (1), TXT))

< Fb(M* (x2n (1), X)), @(M™ (Xgn (1), X)) 20
for all n € IN. Now,
M* (Xon (1), X*) = max{d(2xn, x"), d(X2n (), SXon (k)), d(x*, TX*)}
= max{d(xon k), x"), d(Xon (1), X2n (1) 1), A(x*, TXF)}.
By taking n — oo in (2.6) and using (2.3), we obtain
W(d(x*, Tx")) < Fp(d(x", Tx7)), p(d(x", Tx7))),
which implies that d(x*, Tx*) = 0, that is, Tx* = x*. By the same way we can show that Sx* = x*. O

Next, we introduced some corollaries:

Corollary 2.8. Let (X, d) be a complete metric space and S, T be self-mappings on X. Assume that « : X x X = R
is a function. Suppose that the following conditions hold:

1 If a(x,y) > 1, then P(d(Sx, Tx)) < F(P(M*(x,y)), (M*(x,y))).
2. The pair (S, T) is triangular x-admissible.

3. There exists xg € X such that «(xg, Sxg) > 1.

4. Sand T are o-continuous mappings.
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Then S and T have a common fixed point.
Proof. The proof follows from Theorem 2.6 by defining 1 : X x X — R vian(x,y) = 1. O

Corollary 2.9. Let (X, d) be a complete metric space and T be a self-mapping on X. Assume that « : X x X — [0, 00)
is a function. Suppose that the following conditions hold:

1. If a(x,y) > 1, then P(d(Tx, Tx)) < F(b(M*(x,y)), 9(M*(x,y))), where
M*(x,y) = max{d(x,y), d(x, Tx), d(y, Ty)}.

2. T is triangular x-admissible.
3. There exists xg € X such that o(xg, Txg) > 1.
4. T is an o-continuous mapping.

Then T has a fixed point.

Proof. The proof follows from Corollary 2.8 by taking S = T and in this case noting that M*(x,y) =
M(x,y). O

Corollary 2.10. Let (X, d) be a complete metric space and S, T be self-mappings on X. Assume that o : X x X —
[0, 00) is a function. Suppose that the following conditions hold:

L If a(x,y) = 1, then p(d(Sx, Ty)) < F(Y(M*(x,y)), o(M*(x,y))).

2. The pair (S, T) is triangular x-admissible.

3. There exists xg € X such that «(xg, Sxg) > 1.

4. If {xn} is a sequence in X such that &(xn,Xn+1) = 1 foralln € N and x, — x* asn — oo, there exist a
subsequence {xy (x)} of {xn} such that &(xy (), x*) > 1 forall k € N.

Then T has a fixed point.
Proof. The proof follows from Theorem 2.7 by defining 1 : X x X = R via n(x,y) = 1. O

Corollary 2.11. Let (X, d) be a complete metric space and T be a mapping on X. Assume that o : X x X — [0, 00)
is a function. Suppose that the following conditions hold:

1. If x(x,y) 2 1, then = P(d(Tx, Ty)) < F(P(M(x,y)), (M(x,y))), where
M(x,y) = max{d(x,y), d(x, Tx), d(y, Ty)}

2. T is triangular x-admissible.

3. There exists xg € X such that «(xg, Tx1) > 1.

4. If {xn} is a sequence in X such that &(xn,Xn41) = 1 foralln € N and xn, — x* asn — oo, there exists a
subsequence {xy (x)} of {xn} such that &(xy (), x*) =1 forall k € N.

Then (S, T) have a common fixed point.
Proof. The proof follows from Corollary 2.10 by taking S = T. O
Remark 2.12. Corollary 2.9 and Corollary 2.11 can be also obtained from Ref. [5].

Corollary 2.13. Let (X, d) be a complete metric space and S, T be self-mappings on X. Assume that o, 1 : X x X —
[0, 00) are two functions. Suppose there exist k € [0,1], Y € ¥ and ¢ € © such that for all x,y € X with
x(x,y) = n(x,y), we have

P(d(Sx, Ty)) < kp(max{d(x,y), d(x, Sx), d(y, Ty)}).

Also, suppose that the following conditions hold:
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1. (X, d) is an o, n-complete metric space.

2. The pair (S, T) is triangular x-admissible with respect to 1.
3. There exists xy € X such that «(xg, Sx1) = n(xo, Sx1).

4. Sand T are o, n-continuous functions.

Then S and T have a common fixed point.

Proof. Define F : Rt x R™ — R via F(s,t) = ks. Note that F € €. So the pair (S, T) is triangular «-
admissible. Moreover, the mappings S, T satisfy all the hypotheses of Theorem 2.6. Therefore S and T
have a common fixed point. O

Corollary 2.14. Let (X, d) be a complete metric space and S, T be self-mappings on X. Assume that o, : X x X —
[0, 00) are two functions. Suppose there exist k € [0,1], b € ¥ and ¢ € © such that for all x,y € X with
a(x,y) =n(x,y), we have

P(d(Sx, Ty)) < kp(max{d(x,y), d(x, Sx),d(y, Ty)}).

Also, suppose that the following conditions hold:

1. (X, d) is an o, n-complete metric space.

2. The pair (S, T) is triangular x-admissible with respect to 1.

3. There exists xo € X such that «(xg, Sxg) = n(xo, Sxo).

4. If {xn} is a sequence in X such that &(xn,Xn41) = 1 foralln € N and xn, — x* asn — oo, there exists a
subsequence {xn (x)} of {xn} such that o(xy (), x*) = 1 forall k € IN.

Then S and T have a common fixed point.

Proof. Define F : R™ x R" — R via F(s,t) = ks. Note that F € €. So the pair (S,T) is triangular «-
admissible. Moreover, the mappings S, T satisfy all the hypotheses of Theorem 2.7. Therefore S and T
have a common fixed point. O

Let B : [0, +00) — [0,1) be a continuous function. Define F : [0,00) x [0,00) — [0, 00) via F(s, t) = sp(t).
Then F € €. By Theorem 2.6 and Theorem 2.7, we have the following results:

Corollary 2.15. Let (X, d) be a complete metric space and S, T be two self-mappings on X. Assume that « :
X x X = [0, 00) is a function. Suppose there exist p € ¥ and a continuous function 3 : [0, +o00) — [0,1) such that
forall x,y € X with «(x,y) > 1, we have

x(x,y)b(d(Sx, Ty)) < »(M*(x,y))B (WM™ (x,y))).
Also, suppose that the following conditions hold:

1. (X, d) is an x-complete metric space.

2. The pair (S, T) is triangular x-admissible.

3. There exists xog € X such that «(xg, Sxg) = n(xo, Sxo).
4. Sand T are continuous mappings.

Then S and T have a common fixed point.

Corollary 2.16. Let (X, d) be a complete metric space and S, T be two self-mappings on X. Assume that o :
X x X — [0, 00) is a function. Suppose there exist \p € ¥ and a continuous function 3 : [0, +o0) — [0,1) such that
forall x,y € X with «(x,y) > 1, we have

x(x, Yy (d(Sx, Ty)) < b(M*(x,y))B (W (M*(x,y))).

Also, suppose that the following conditions hold:
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(X, d) is an o-complete metric space.

The pair (S,T) is triangular x-admissible.

There exists xg € X such that o(xg, Sxo) = 1n(xo, Sxo).

If {xn} is a sequence in X such that «(xn,Xn+1) = 1 foralln € N and xn, — x* asm — oo, there exist a
subsequence {xn (x)} of {xn} such that o(xy (), x*) = 1 forall k € IN.

L .

Then S and T have a common fixed point.
Example 2.17. Let X = (—1,1] and d : X x X — R define by d(x,y) =[ x—y | for all x,y € X. Define
P, $:[0,00) = [0,00) by P(t) =t and ¢(t) = %t. Define the mappings S, T : X — X by

if x € (—1,0),
if x € [0,1]

wn

X

Il
——
©Olx Wl

if x € (—1,0),
if x € [0,1]

—
=
Il
——
WlR MR

Also, we define the functions «,1: X x X — [0, 00) by

2 ifx,yel0,1],
OC(X/U) = { Y

1
T](le) = {

5 if otherwise
We will prove that (S, T) is a generalized F-contraction type mapping.
If x(x,y) > n(x,y), then x,y € [0, 1]. Therefore

if x,y € [0,1],
if otherwise

[SSTE

e wie

b(d(Sx, Ty))

x O ®

A
5 ©lx ©

jov]
x |
—— ojle O

3

Q

=
ATV

+
@‘JS’@"@J

N

4
|XU|/9U}
| 2
X—y|,3y}

d(xy), d(y,Ty)}

N

WIN WIN WIN

max

N

M*(x,y)

I
<

“(x,y) — sM7 (v y)

(M*(x,y)) — d(M*(x,y))
(W(M*(x,y)), d(M*(x,y))).

I
=

Thus the pair (S, T) is a generalized F-contraction type mapping. Now, we prove that (X, d) is an «,n-
complete metric space. If {xn} is a Cauchy sequence in X such that o(xn,Xn+1) = N(Xn,Xn+1) for all
n € N, then {x,} C [0,1] for all n € IN. Since ([0, 1], d) is a complete metric space, then the sequence {xn}
converge to x in [0,1] C X. If x(x,y) > n(x,y), then x,y € [0,1]. So Sx, Ty, TSx,STy € [0,1]. Therefore
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a(Sx, Ty) =2 > n(Sx, Ty) = 1 and «(TSx,STy) = 2 > n(TSx,STy) = 1. Also, if x(x,z) > n(x,z) and
x(z,y) = n(z,y), then x,z,y € [0,1]. Thus a(x,y) =2 > n(x,y) = 1. This implies that the pair (S, T) is
triangular a-admissible with respect to n. It is clear that the Condition (4) of Theorem 2.6 is satisfied with
xg =0 € X. So Sxp = 0. Since

OC(XO/ SXO) = OC(OI O) =2>1= n(olo) = n(X0/ SXO)‘
Let {xn} C [0,1] for all n € IN. This implies that

1
lim Sx,, = lim —=x, = =x = Sx,
n—oo n—oo 9 9

and

1
Iim Txp = lim =x, = =x =Tx;
n—oo n—oo 3 3

that is, (S, T) is an «,n -continuous. Thus, all assumptions of Theorem 2.6 are satisfied. Hence S and T
have a common fixed point which is x = 0.

3. Applications

In this section, we apply our results to construct an application on Lebesgue-integrable. Denote by I
the set of functions A : R™ — R™ satisfying the following conditions:

1. A is Lebesgue-integrable on each compact of R™;
2. For each € > 0, we have

€
J A(z)dz > 0.
0

Theorem 3.1. Let (X, d) be a complete metric space and S, T be two self-mappings on X. Also, let F € J and
A1, A2 € T. Assume that o, : X x X — [0, 00) are two functions such for all x,y € X with a(x,y) = n(x,y), we
have

J’d(SX/Ty) J‘M* (X/H) m* (X/y)

M(z)dz < F< M (Z)dZ,J

0

A2 (z2) dz) .

0 0

Also, suppose the following hypotheses:

1. (X, d) is an o, n-complete metric space.

2. The pair (S, T) is triangular x-admissible with respect to 1.
3. There exists xy € X such that «(xg, Sxg) = n(xo, Sxo).

4. Sand T are o, m-continuous functions.

Then S, T have a common fixed point.

Proof. Define the functions ¥, ¢ : Rt — R™ via {(t) = IS A(z)dz and @(t) = IS A2(z)dz. Noting that
is an altering distance function and ¢ € ®@. So the pair (S, T) is triangular x-admissible with respect to 7.
So S and T satisfy all the hypotheses of theorem 2.6. Therefore S and T have a common fixed point. [

Theorem 3.2. Let (X, d) be a complete metric space and S, T be two self-mappings on X. Also, let F € J and
A, A2 € T Assume that o, : X x X — [0, 00) be two functions such for all x,y € X with «(x,y) > n(x,y), we
have

J’d(SX/Ty) J‘M* (X/y) m* (X/U)

A (z)dz < F< M (z)dz,J

0

?\z(z)dz> .
0 0
Also, suppose the following hypotheses:

1. (X, d) is an o, n-complete metric space.
2. The pair (S, T) is triangular x-admissible with respect to 1.
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3. There exists xy € X such that «(xg, Sxg) = n(xo, Sxo).
4. If {xn} is a sequence in X such that &(xn,Xn41) = 1 foralln € N and xn, — x* asn — oo, there exists a
subsequence {xy ()} of {xn} such that &(xy (), x*) > 1 forall k € N.

Then S, T have a common fixed point.

Proof. Follow from Theorem 2.7 by Defining \(t) = fz A1(z)dz and @(t) = fz A2(z)dz. Noting that the
mappings S and T satisfy all the hypotheses of theorem 2.7. O

Remark 3.3. Theorem 2.4 of [10] is a special case of our result (Corollary 2.15).
Remark 3.4. Theorem 2.4 of [10] is a special case of our result (Corollary 2.16).
Remark 3.5. Theorem 2.3 of [5] is a special case of our result (Theorem 2.6).

Remark 3.6. Theorem 2.4 of [5] is a special case of of our result (Theorem 2.7).
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