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Abstract. The aim of this paper is to establish some common fixed point results for
generalized Ciric and Hardy Roger type contraction in ordered complete metric space.
An example is constructed which shows the novelty of our results. Our results generalize
and extend the results of Altun et. al (J. Funct. Spaces, Article ID 6759320, 2016).
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1. Introduction

Fixed point Theory has a wide range of applications in the different fields of
analysis. The most important tool in fixed point theory is Banach contraction
principle. Many authors obtained fixed point results in various metric spaces
under certain contractive conditions (see [1]-[15]).

Let S : W — W be a mapping. A point u € W is called a fixed point of
S, if v = Su. Fixed point theorems are used to find the solution of different
mathematical models. Ran and Reurings [11] proved a fixed point theorem
in metric space endowed with a partial order and gave applications to matrix
equations. Nieto et. al. [10] extended the result in [11] for nondecreasing
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mappings and applied it to obtain a unique solution for a 1st order ordinary
differential equation with periodic boundary conditions.

In this paper, we obtained some common fixed point theorems for generalized
Ciric and Hardy Roger type contraction endowed with ordered metric space. We
start with some basic notions which will be needed in the sequel.

Definition 1.1 ([11]). Let (W, d) be a metric space. Then:

(i) A sequence {u,} in (W,d) is called Cauchy sequence if given ¢ > 0, there
corresponds a natural number ng such that for all n,m > ny we have d(up,, uy,)
<e.

(ii) A sequence {uy} converges to w if lim, oo d(uy,u) = 0.

(iii) (W,d) is called complete if every Cauchy sequence in W converges to a
point u € W.

Definition 1.2 ([1]). Let ¢ € ¥ and ¥ denotes the set of functions ¢ : [0, 00) —
[0, 00) satisfying the conditions:

(U1) % is non-decreasing.

(U5) For all t > 0, we have g (t) = > 52, ¥* (t) < co. Where, 9" is the k'
iterate of ¢. The function ¢ € V¥ is called comparison function.

Lemma 1.3 ([1]). Let ¢ € ¥. Then:
(i) ¢ (t) <t, forallt>D0,

(i) 4 (0) = 0.

Definition 1.4 ([1]). Let W be a nonempty set. Then < is a partial order on
W if:

(i) w 2 u for all w € W.

(i) u=vand v Ru=wu=wv forall (u,v) € W x W.

(iii) u 2vand v 2w =u <w forall (u,v,w) e W x W x W.

Definition 1.5 ([3]). Let W be a nonempty set. Then (W, <,d) is called an
ordered metric space if:
(i) d is a metric on W and (ii) < is a partial order on W.

Definition 1.6 ([1]). Let S : W — W be a function. Then S is level closed
from left, if the set levS< = {u € W : w < Su} is non-empty and closed.

2. Fixed point results for Ciric type contraction

In this section, we will prove fixed point result for generalized Ciric contraction
in ordered metric space. Our result extend the result given in [1].

Theorem 2.1 Let (W, =,d) be an ordered complete metric space and S, T :
W — W be the self mappings. Suppose that the following assertions hold:
(i) The operator S : W — W is level closed from left.
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(ii) For every u € W, we have u < Su = Tu = STu,and u = Su =
Tu < STu.

(iii) There exists a function p € ¥ such that for every (u,v) € W x W, we
have d(Tu,Tv) < p(max{d(u,v),d(u,Tu),d(v,Tv)}), whenever u < Su and
v = Sv. Then S and T have a unique common fixed point.

Proof. Suppose that ug be the arbitrary element of levS<, that is, ug < Sup.
From condition (ii), we have u; = Suy, where u; = Tup. Again from condition
(ii), we have ug =< Sug, where ug = Tu;. Now, consider the Picard sequence
{un} C W define by un4+1 = Tup, where n =0,1,2,---. Continuing in this way,
we get for even terms of sequence

(21) U2n j SUQn.
For odd terms of sequence, we have

(2.2) U2n+1 = SUp1-

As inequalities (2.1) and (2.2) holds, so condition (iii) can be applied. Now,
d(uzn+1, Uont2) = d(Tuzn, Tusnt1) < p(max{d(uzn, uan+1), d(u2nt1, Tuon+1),
d(ugn, Tuz,)}) = p(max{d(uan, Uzni1), d(U2nt1, U2nt2)}). If max{d(uoni1,u2,),
d(ugn+1, Uan+2)} = d(ugnt1, uant2), then a contradiction arises. Therefore,

(2.3) d (u2n+1, u2n+2) < p(d (u2n, U2n+1))-

As inequalities (2.1) and (2.2) holds, so d(ugn,u2n+1) = d(Tuzn—1,Tu2y)
where n = 0,1,2,3,... < p(max{d(uan,uon—1),d(uzn, Tuz), d(uon—1,Tu2n—1))

= p(max{d(uzn, u2n—1), d(u2n, uzns1)}). If max{d(uz,,uzn_1), d(u2n,u2ny1)} =
d(ugn, uan+1), then a contradiction arises. Therefore, d(uay,, uan+1) < p(d(ugn—1,
Ugn)). As p is non-decreasing, so

(2.4) p(d (uzn, uznt1)) < p(p(d(uzn—1, uzn))).

Using inequality (2.4) in (2.3), so inequality (2.3) becomes d(u2n+1,U2n+2) <
p%(d(un_1,u2y,)). Continuing in this way, we have

(2.5) d (ugn i1, uzns2) < p*"H(d (ug, u1)).

Similarly, we have

(2.6) d (ugn, uznt1) < p*"(d (uo, ur)).

Combining inequalities (2.5) and (2.6), we have

(2.7) d (Un, un+1) < p"(d (ug,u1) .

Now, let d (up, u1) = 0. This implies that ug = u;. As u; = Tug, so

(28) ug = TUO.
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So, ug is a fixed point for T. Now, ug = w1 = Suy = Sug. This implies that
ug = Sug, which further implies

(2.9) Uug = SUO.

From inequalities (2.8) and (2.9), ug is a common fixed point for S and 7.
Now, if d(ug,u1) # 0. Then we assumed that § = d(up,u1) > 0. So from
inequality (2.7), we have d (un, tupt+1) < p"(8), where n = 0,1,2,--- . For
€ > 0 there exist ng € N such that > ;° p" (8) < e. Let n,m € N, such that
n—+m >n > ng. Then

d (una Un+m) < d (una Un+1) +d (un+17 Un+2) +....+d (unerfla uner) .
< P (0) 4 pMTH(S) H e+ p" TS

n+m—1 00
N A CED W AR
i=n k>no

Therefore, the sequence {u,} is a Cauchy sequence in (W, d). So, there exists
some u* € W such that lim,,_,o0 d (up, u*) = 0. But, we know that us, € levS<
wheren =0,1,2,--- . As levS< is a closed set, and every closed set in a complete
metric space is complete. Therefore u* € levS<. This implies that u* < Su*.
Now, we have

d(u*,Tu*) < d(u*,ugnt2) + d (ugnto, Tu™)

<d (’U,*, ’U,2n+2) + p(max{d (u2n+17 U*) ) d (u2n+17 TU2n+1) ) d (u*7 TU’*)}>
Letting n — oo, we have d (u*, Tu*) < 0+p (d (u*, Tu*)). As p (t) < t, therefore
d (u*,Tu*) = 0. This implies that u* = Tu*. As, u* < Su*, so, from condition
(ii) we have u* = Tu* » STu* = Su*. This implies that v* = Su*. Hence, u* is

a common fixed point for S and 7.

Uniqueness. Suppose u be the another fixed point for S and 1. Then Su =
Tu=u. As, u < u, then v = ©v = Su = u > Su. Also u* < Su*. Now,

d(w*u) =d(Tu*,Tu) < p (max{d (v*,u) ,d (u*, Tu*),d(u,Tu)})
d(u*u) < pd(u*,u)

As, p(t) < tfor all t > 0, so, d(u*,u) = 0. Thus, u* is unique common fixed
point for S and 7.

Example 2.2. Let W = [0, c0] and d be the metric on W defined by d (u,v) =
|lu—v|, (u,v) € W x W. Then (W,d) is a complete metric space. Let R be a
binary relation on W defined by = {(u,u) : u € W} U {(0,2)}. Consider the
partial order on W defined by (u,v) € W x W,u < v < (u,v) € R. Let us define
the pair of mappings 7,5 : W — W by

Tu:{u’ lfu¢{0’2},5’u:{2’ 1fu€[0,2]‘

2, otherwise 1, ifu>2.
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Observe that, levS< = {0,2}, which is non-empty and closed. Therefore, the
operator S : W — W is level closed from the left. Moreover, we have {u €
W : Su =< u} = {2}. In order to check the condition (ii) of Theorem 2.1 , let
u € W be such that u < Swu; that is, u € {0,2}. If u = 0, then Tu = T0 = 2
and STu = ST0 = 52 = 2. Then STu <X Tu. If w = 2 then Tu = T2 and
STu = ST2 = S2 = 2. Then STu < Tu. Now, let v € W be such that
Su =< w; that is w = 2. In this case, we have STu = ST2 = 52 = 2 and
Tu = T2 = 2. Then Tu < STu. Therefore, condition (ii) of Theorem 2.1 is
satisfied. Now, let (u,v) € W x W be such that u < Su and Sv =< v; that is,
u € {0,2} and v = 2. For (u,v) = (0,2), we have d(Tu,Tv) = d(T0,T2) =
d(2,2) =0 < p(2) = p(max{d(u,v),d(u,Tu),d(v,Tv)}). Now, for (u,v) =
(2,2), d(Tu,Tv) < d(T2,T2) < d(2,2) <0< p(0) < pd(2,2), for every p € V.
Therefore, all conditions of Theorem 2.2 are satisfied and 2 is the common fixed
point.

Now, we will prove fixed point results for generalized Hardy Roger contrac-
tion. Our result extend the result given in [1].

Theorem 2.3. Let (W, <,d) be an ordered complete metric space and S, T :
W — W be the self mappings. Suppose that the following assertions hold:

(i)’ The operator S : W — W is level closed from left.

(ii) For every u € W, we have u X Su = Tu = STu, and u = Su =
Tu < STu.

(iii)" There exist constants a, b, ¢ such that 0 < a+2b+2c < 1

d(Tu,Tv) < a(d(u,v)) + bld (u, Tu) + d (v, Tv)] + c[d (u, Tv) + d (v, Tu)],
whenever v < Su and v = Sv. Then S and T have a unique common fixed point.
Proof. Suppose that ug be the arbitrary element of levS<, that is, ug =< Sug.
From condition (ii), we have u; = Suy, where u; = Tuy. Again from condition
(ii), we have us =< Sug, where ug = Tu;. Now, consider the Picard sequence

{un} C W define by u, 41 = Tu, where n =0,1,2,---. Continuing in this way
we get, for even terms of sequence

(2.10) ugn = Sugp.
For odd terms of sequence, we have
(2.11) Unt1 7= SUnt1.
As a consequence, we have
d (U2m u2n+1) =d (Tu2n—1; TUQn)
< a(d (u2n—1,u2n)) + b[d (u2n—1, Tu2p—1) + d (uzn, Tuzn)]
+ c[d (uzn—1, Tuzy) + d (ugn, Tugn—1)]
< (a4 b+ c)d (u2p—1,u2,) + (b+ c) d (uzn, u2n+1)
(1 =b—c)d(u2n,uns1) < (a4 b+ c)d (u2n—1,u2,) .



FIXED POINT RESULTS FOR MAPPINGS SATISFYING CIRIC AND HARDY ROGER ...

Dividing by (1 — b — ¢) on both sides, we get

(2.12) d (ugn, uopt1) < md (ugn—1, u2p).
Let

_(a+b+o)
(2.13) Y et

Using inequality (2.13) in (2.12), then inequality (2.12) becomes

(2.14) d (u2n, uani1) < &(d (u2n—1,u2,)).
As,0<a+2b+2c<1and€|0,1).So,
(2.15) d (uzn—1,u2,) < & (d(u2n—2,u2n-1)) -

Using inequality (2.15) in (2.14), then inequality (2.14) becomes

d (Uan, Uznt1) < E2(d (uan—2,Uzn_1)).

Continuing in this way, we get

(2.16) d(u2n7u2n+1) S €2n<d (’U,(),ul)).
Similarly
(2.17) d (ugn41, Ugnt2) < E"H(d (ug, u1)).

Combining inequalities (2.16) and (2.17), we have

(2.18) d (Un, Un+1) < E"(d (uo, u1)).

Now, let d (ug,u1) = 0. This implies that uy = u1. As u; = Tug, so
(2.19) up = Tup.

So uyg is a fixed point for T'. Now, ug = u1 = Su; = Sug, therefore

(2.20) ug = SUO.

187

From inequalities (2.19) and (2.20), up is a common fixed point for S and
T. Now, if d(ug,u1) # 0. Then we suppose that n = d(ug,u;) > 0. So
d (Up, unt1) < &€ (n),n =0,1,2,3,... For € > 0 there exist ng € N such that

DR o €8 (n) < e. Let n,m € N, such that n +m > n > ng. Then

d (Un, Untm) = d(Un,tnt1) +d (Uns1, Unt2) + oo + d (Untm—1, Untm) -

< ST A+ ().
n+m—1

= D gy fm<e

k>n
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Therefore, the sequence {u,} is a Cauchy sequence in (W, d). So, there exist
some u* € W such that lim,,_,o d (up,u*) = 0. By following similar steps as in
previous theorem, we have u* < Su*. Now,

d(u*,Tu*) < d(u*,uopt2) + d(uopt2, Tu™)
< d (u*, ugnt2) +ald (ugny1, u”))+0[d (uan+1, Tugnt1) +d (u*, Tu*)]
+ cld (uont1, Tu™) + d (u*, Tuzp+1)]
< d(u*, ugnt2) +a(d (uznt1,u”))+b(d (uant1, U2nt2))+b(d (u*, Tu"))
+ c(d (ugn+1, Tu")) + c(d (u*, ugn42)).

If we take lim,,—,~, then we obtain (1 — b — ¢) d (v*, Tu*) < 0. This implies that
u* = Tu*. Now, by following similar steps as in previous theorem, we have
uw* = Su*. Hence, u* is a common fixed point for S and T.

Uniqueness. Suppose r be the another common fixed point for .S and 7. Then
Sr=Tr=r.As,r <r, thenr = r=8r =r > Sr. Also v* < Su*. Now,

dw*,r)y = d(Tu",Tr)
< a(d(u*,r))+bld(u*,Tu*) 4+ d(r,Tr)]
+eld (u*, Tr) +d (r,Tu")]
< a(d(u*,r))+bld(u*,u*) +d(r,r)]

+cld (u*,r) +d(r,u”)]
(1—a—2¢)d(u*,r) < 0.

But, (1 —a —2¢) > 0. So, d (u*,r) = 0 or u* = r. Hence, u* is unique common
fixed point for S and T
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