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On admissible hybrid Geraghty contractions

ERDAL KARAPINAR!2, ADRIAN PETRUSEL ** and GABRIELA PETRUSEL®

ABSTRACT. In this manuscript, we introduce the notion of admissible hybrid Geraghty contraction and we
investigate the existence of fixed points of such mappings in the setting of complete metric spaces. Our results
not only extend and generalize several results in the fixed point theory literature, but also unify most of them.
We give some corollaries to illustrate the novelty of the main result.

1. INTRODUCTION AND PRELIMINARIES

In 1973, Geraghty [7] introduced an interesting class of auxiliary function to refine the
Banach contraction mapping principle. Let G denote all functions 5 : [0,00) — [0,1)
which satisfies the condition:

nh_{rgo B(t,) = 1 implies n11_>ngo t, =0.

Using the above class of functions, Geraghty [7] proved the following remarkable the-
orem.

Theorem 1.1. (Geraghty [7].) Let (X,d) be a complete metric space and f : X — X be an
operator. Suppose that there exists 8 € G such that f satisfies the following inequality

(1.1) d(fx, fy) < B(d(z,y))d(x,y), forany z,y € X.
Then f has a unique fixed point in X.

The concept of a-orbital admissible was proposed in [16] and it is a refinement of «-
admissibility, defined in [21].

Leta : X x X — [0,00) be a function. We say that a mapping f : X — X is a-orbital
admissible (see [16]) if

(1.2) ofz, fr) > 1= a(fz, fz) > 1.
An o-orbital admissible mapping f is called triangular a-orbital admissible (see [16]) if
(1.3) a(z,y) = 1and a(y, fy) 2 1 = a(z, fy) > 1,

forevery z,y € X.

Lemma 1.1. Let X be a non-empty set. Suppose that & : X x X — [0,00) is a given
function and f : X — X is a triangular a-orbital admissible mapping. If there exists
zo € X such that a(xg, fzo) > 1, and z,, = fz,—1 forn =0,1,..., then, we have:

(1.4) (a) a(zp, zpy1) > 1, foreachn =0,1,2,....
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(1.5) (0) a(xp, xpyr) > 1, foreachn =10,1,2,... and k =1,2,....

Proof. On account of the assumptions of the theorem, there exists g € X such that
a(xzg, fzo) > 1. Owing to the fact that f is a-orbital admissible, we find

a(xg, 1) = a(zo, fro) > 1 = a(fxo, fr1) = a(xr,z2) > 1.
By iterating the above inequality, we derive that
oz, Tpe1) = a(fan_1, fr,) > 1, foreachn =0,1,....
On the other hand, since it is triangular a-orbital admissible mapping, we have
a(Tp, Tnt1) > 1land a(@pt1, fTnt1) = @(Tpg1, Tnto) > 1 = a(zn, Thp2) > 1.
Notice that, recursively we can prove that
Ty, Tntk) > 1,

foreachn € {0,1,2,...} and k € {1,2,...}. O

Definition 1.1. Let o : X x X — [0,00) be a mapping. The set X is called regular with
respect to « if for a sequence {z,, } in X such that a(x,,, 2, 41) > 1, forallnand z, —» x € X
as n — oo we have a(z,,z) > 1 for all n.

Lemma 1.2. cf.[17] Let (X, d) be a metric space and let {z,,} be a sequence in X such that
d(zy41,xy) is non-increasing and

lim d(zp41,2,) =0.
n—oo

If {z,,} is not a Cauchy sequence, then there exist ¢ > 0 and two strictly increasing se-
quences {my} and {n;} of positive integers such that the following sequences

d<xmk ) x’"«k)? d(xmk—lﬂ 'Tnk_l)7 d(xmk ) xnk_1)7 d(xmk—17 xnk)
tend to e when k — oco.

In this paper, we will introduce the notion of admissible hybrid Geraghty contraction
and we investigate the existence of fixed points of such mappings in the setting of com-
plete metric spaces. Our theorems not only generalize several results in the fixed point
theory literature, but also unify some of them, see [4], [5], [6], [8], [9], [13], [15], [16], [17],
[18], [22]. Our results are also related to the interpolative approach in fixed point theory,

see [1], [2], [3], [10], [11], [12]. Finally, we will deduce some corollaries to illustrate the
novelty of the main results.

2. MAIN RESULTS

We start with a definition of a new notion, namely that of admissible hybrid contrac-
tion, as follows.

Definition 2.2. Let (X,d) be a metric space. A self-mapping f is called an admissible
hybrid Geraghty contraction if there exist 5 € G and o : X x X — [0, c0) such that

2.6) oz, y)d(fz, fy) < 8 (M@ ) Hi (@),

where ¢ > 0 and A; > 0,4 € {1,2,3,4,5} such that Zle Ai = 1l and, for every z,y € X,
we have
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2.7)
xr x q
{Ald‘](z, y) + ded?(z, f) + Asd?(y, fy) + Ay (ALLLGEA S )
1
d(y, fo) (1+d(z.fy)) || *
Hj‘(mvy) = +/\5 ( ‘ 1+d(z,y) S ) :| ) for q> Oa
,JxT >\4 xr xr )\5
Al y)) - [d(e, fo)) - [d(y, fy)) | LRGN dle il |
for 4 = 0.

The main result of this manuscript is the following theorem.

Theorem 2.2. Let (X, d) be a complete metric space and let f : X — X be an admissible hybrid
Geraghty contraction. Suppose also that:
(¢) f is triangular o.—orbital admissible;
(13) there exists xy € X such that a(xo, fzo) > 1;
(7itq) f is continuous
or
(itip) f? is continuous and o(fz,x) > 1 for any x € X with d(z, fz) > 0.
Then, f has at least one fixed point in X.

Proof. On account of the assumption (i), there exists o € X such that a(zg, fzo) > 1.
Hence, starting this point, we shall construct an iterative sequence {z,,} as follows:

(2.8) xo :=xand x, = fx, 1 foralln € N.
We suppose that
(2.9) Ty # Ty forallm € N.

Indeed, if for some n € N we have the inequality z,, = fz,_1 = x,_1, then, the proof is
completed.
By Lemma 1.1, we have

(2.10) a(Tpy Tpy1) > 1, and a(zy,, ) > 1, for each n,m € Ny withn > m.

By substituting = = z,,_1 and y = z,, in the inequality (2.6), we derive that

(211) d(l‘n, mn-&-l) S Oé(.’lfn_l, xn)d(fxn—lv fxn) S 6 (H;(Z‘n_h xn) H;(l‘n_h xn)
Case 1. For the case 4 > 0 we have

H;(wnfla xn) - P‘ldq(‘rnfla xn) + )\2dq(xn717 fxnfl) + )\qu(‘rnv fwn)"_

d(@n, fon) (1+d(@n—1,fzn-1)) \? A@n, S0 1) A+d(@n_1,f2,)) !
4+ ( 1+d(acn,1,x:1) ' ) +As ( 1+111(wn7171n) : ) ]

= P‘ldq(xn—la xn) + /\qu(xn—h xn) + )\qu(xna xn—&-l)"’

A stns1)(1+d(@n—1,00)) \ ! d(@n,n)(14d(@n—1,2ms1)) V1] 7
+)\4( lid(zn,l,xn)l ) +A5( 1+d(zp—1,2n) = ) :|

= [)\ldq(xnfla xn) + )\2dq(mn717 l‘n) + )\qu(xn; xn+1) + )\4 (d((L‘n, -rnJrl))q]
= [(M + X)d (1, Tn) + (A3 + A1)d! (T, Try1)]H9,

1
q

sl
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and from (2.11) we get

d(xna In-&-l) § O‘(xn—h zn)d(fzn—h fxn) § 5 (H;(zn—h xn)
(2.12) <Hi(Tn—1,T0)
<[ 4+ A2)d (@1, 20) + (A3 + Xg)d1 (2, T4 1)] V1.
If we suppose that d(z,_1,x,) < d(z,,z,—1), then we get

d(xp, Tnt1) <A1 +Aa+ A3+ /\4)1/qd($cn,xn+1)

(2.13) < d(l‘n, xn-ﬁ-l)a

a contradiction. Therefore, for every n € N we have

d(mna xn+1) < d(?cn—ly ?CTL)

Consequently, we deduce that d(z,41, Zn+2) < d(Zn,Tnt1), for each n. Since the se-
quence {d(x,, T,+1)} is non-increasing.
As anextstep, lim d(z,,zn41) = 0. Indeed, since {d(z,,, £n+1)} is non-increasing and
n—oo

bounded below, we conclude that it converges to some non-negative real numbers, say .

lim d(z,,Tpy1) =T
n—o0

It is evident that

nhﬁn;(} ’H]qc(xn_l,:z:n) =7

We assert that r = 0. Suppose, on the contrary that r # 0.
Letting n — oo in the equation (2.12), we find

lim B(H(zn_1,20)) = 1= lim Hi(zp—1,2n) = 0.

n—oo

As a consequence, r = 0 and so

(2.14) r= lim d(z,2nt1) =0.

n—roo

In what follows, we claim sequence {z, } is a Cauchy sequence. Assume that {x,,} is
not a Cauchy sequence then there exists ¢ > 0 and sequences {z,, }, {%m, } ;
ng > my > k such that

(2.15) d(Tpm,,, Tn,) > €

(2.16) ATy, s Tpo—1) < E.
Now take z = z,,,,_1 and y = z,,, _1 in (2.6), we have
& Tyy—1, Tnp—1) > 1 for all k
implies
A(fTm -1, [Tn-1) < (@15 Tny—1)d(f Ty -1, [T, 1)

(217) S ﬂ (H;(xmk—hxnk—l)) H;(mmk—laxnk—l)
< ij(xmk—laznk—l)v
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where
(2.18)
1
Aldg(l'mk_l, -Tnk—l)+)\2dq(xmk—1a fxmk—1)+A3dq(xnk—17 f‘rnk—l) 1
H;‘(xmkflaxnkfl): +A4 d(a:"k71’fw"k71)(1+d(w""k*1’fa:"”kfl)) 1

1+d(.’£m,k—17-’£nk—1)
+A5 (d(ink*1afzvnkfl)(1+d(m7”-k*l’f‘r"kfl)) ) 1

1+d($mk—17xnk71)

Due to Lemma 1.2, we have

(2.19)
im d(zp,,2n,) = lim d(Tm,—1,Tn,—1) = lim d(@m,, Tn,—1) = lim d(Tm,—1,Tn,) = €.
k—oo k—oo ) k—o0 k—o0 )

If we letting & — oo in (2.17) and keeping (2.18),(2.19) in mind, we get
e= lim d(fam, -1, [Tn,—1) < lim H;(mmk,l,xnk,l) =M +M+ )\5)%5,
k—o0 k—o0

which is a contradiction. Thus, {z,} is a Cauchy sequence on a complete metric space, so
that, there exists z such that

(2.20) lim d(z,,z) =0.

n—oo

We shall indicate that z is a fixed point of f. If f is continuous, (due to assumption (4i:))

lim d(zpy1, f2) = lim d(z,, fz,) =0,
n—oo

n—oo
so, we get that fz = z, that s, z is a fixed point of f.

In the alternative hypothesis, that f2 is continuous we have f?z = lim fz, = z and
n—oo

we want to show that fz = z. Supposing that, on the contrary, fz # z, we have from (2.6)

Az f2) = d(f?2 f2) < a(f2,2)d(f2,2) < B (H)(f2.2)) Hi(f2,2) < H(f2.2)

zZ,Jz z 22 1
= | Mdi(fz,2) + Aodi(fz, f22) + A3di(2, fz) + A4 (d( 2 fﬁj(fﬁfz)’f )))

1
d(z,f22)(14+d(f=,f2) 1| *
+)\5( ( 1-1)-(d(fz,(z) ))) :|

[ Z,Jz Z,Z q
= [Md?(f2,2) + Dadd(f2,2) + Aad?(z, f2) + Ay (LL2GAlz2) )

- 1
717
+As (L(Z’Zfildtﬁi,f;)’fz))) ]

1

(A1 + A2 + A3 + Ag)d?(fz, 2)] 7

= [+ Ao+ Ag + A0 d(f2,2)
<d(fz,z).

This is a contradiction, so that fz = z.
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Case 2. For the case ¢ = 0 taking + = ,,—; and y = z,, we have

H;(l’n,h xn) = [d(xnfla xn)})\l ’ [d(xnflv fxnfl)])\2 ’ [d(xnv fl'n)])\3

. {d(:c,,,,fazn)(ler(mn_l,f:cn_l))}A4 _ {d(mn_l,fzn)+d(:cn,fxn_1))}
1+d(zp—1,2n) 2

As

< [d(xnflaxn)y\l : [d(xn,hxn)])‘? : [d(xn7xn+1)]>‘3 : [d(xn7xn+1)])‘4
. {d(zm,xn>+d<mmmn+1>+d<zn,m)} Ae

2
As

<[d(zn—1,20) M2 - [d(2n, T} [[d(I"*l’%)erd(w"’wnﬂ)]}

From (2.6)
(2.21)

d(@n, Tpi1) <a(Tp_1,20)d(frn_1, frn) < B(’Hl}(xn,l,Jcn))’H;(xn,l,xn) < H;(xn,l, Tp).
As in the first case, we have that d(z,—1,2,) > d(@n, Z,+1) since in the contrary case we

have a contradiction. Indeed, if we suppose ad absurdum that d(z,—1,%,) < d(Tpn, Tn+1),
we have

))]X1+>\2k3+)\4+>\5

d(l‘n, xn-{-l) < ,H; (l'n—la xn) < [d(ajna Tn+1 = d(ajna 'rn-i-l)a

which is a contradiction. Thus, we have
(2.22) d(Tn, Tny1) < d(Trn—1,Zn).

By using the same arguments as the case g4 > 0 we shall easily obtain that {z,, } is a Cauchy
sequence in a complete metric space and so, there exists z such that lim,,_, o z,, = 2.

We claim that z is a fixed point of f.
Under the assumption that f is continuous we have

Jim d(zpi1, f2) = lim d(fzn, f2) =0,

and together with the uniqueness of limit, fz = 2. Also, if f? is continuous, as in case (1)
we have that fz = z and then

d(z, f2) = d(f?z, fz) < alfz2)d(f?z f2) < BH(f22, f2))Hi (22 f2) < Hi(f?2, f2)
< [d(z, fz)]A1+A2+>\3+>\4+A5
<d(z, fz).

This contradiction shows us that z = fz.
O

If, instead the continuity condition on f, we propose the regularity condition, then we
get the following result.

Theorem 2.3. Let (X, d) be a complete metric space and let f : X — X be an admissible hybrid
Geraghty contraction. Suppose also that:

(1) f is triangular a.—orbital admissible;
(2) there exists xg € X such that oz, fxo) > 1;
(3) (X,d) is regular with respect to c.

Then, f possesses at least one fixed point.

Proof. Following the lines in the proof of the Theorem 2.2, we already know that for any
q > 0, the sequence {z,,} is Cauchy. Due to the completeness of the metric space (X, d),
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there exists a point z € X such that hm d(z,,z) = 0. Since the space X is regular with
— 00
respect to o, inequality (2.6) together "with the triangle inequality gives us

(Z,fZ) S d(27$n+1) +d($n+1,f2)
<d(z,2p41) + (Tp, 2)d(fTn, f2)
< d(z,@n41) + B (Hh(@n,2) ) Hi (@n, 2)
<d(z,zp+1) + H;(:cn, ).

Again, we have to consider two separate cases. For the case 4 > 0,

(2.23)

[ q
Hi(n2) = (N (0, 2) + Aad?(2n, Fn) + Ao (2, f2) + Mg (L) rdlondenl) )7y

1+d(zn,z)
1
d(z, fzn)1+d(o, f2) 7| *
SN ——"

= [Mdi (2, 2) + Aod? (2, Tp1) + A3di(2, f2) + M ( Zfz)l(ﬂi(ffé’)z"“)))J’
L 1
d(z,@n41) (A4d(zn. f2) | *
g (At )

Since hm Hf(o:n, z) = (A3 + M\)d(z, fz), letting n — oo in (2.23) we obtain d(z, fz) <
(A3 + )\4) ( , fz) which implies that d(z, fz) = 0.
Similarly, for the case g = 0, we get lim H¥(2n,2) = 0and then d(z, fz) = 0. O

Remark 2.1. In the case ¢ = 0 of Definition 2.7, if # € X is a fixed point for f, then
H;(JZ", y) = 0, for every y € X. Thus, f is a constant function. Hence, trivially we have
a fixed point. On the other hand, we implicitly exclude this trivial case in our proof by
assuming &, # Tn4+1 = fon.

Theorem 2.4. Let f : X — X be a mapping on the complete metric space (X, d) endowed with a
partial order < on X. Suppose that there exists 8 € G, such that, for all x,y € X with x <y, we
have

a(@,y)d(fe, fy) < B (H(,y)) Hi(@,y),
where H;(am y) is defined as in Theorem 2.2. Suppose also that the following conditions hold:

(1) there exists xg € X such that xo < fxo;
(ii) f is continuous or (X, =<, d) is regular.
Then f has at least one fixed point.

Proof. Tt is sufficient to define the mapping o : X x X — [0, 0) by

[ lifxz fyorz >y,
alw,y) = { 0 otherwise.

Clearly, f is an admissible hybrid Geraghty contraction. From condition (i), we have
a(zg, fzo) > 1. Moreover, for all z,y € X, from the monotone property of f, we have

(o, fro) > 1 & x0 X fro = fro < f2xo & alfwo, fPag) > 1.
The rest is satisfied in a straightway. O

Theorem 2.5. Let (X, d) be a complete metric space and f : X — X be a mapping. Suppose
there exists 3 € G such that

(224) d(fz, fy) < 8 (Hi(w.y)) Hi(z.y),
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where ¢ > 0and \; > 0,1 € {1,2,3,4,5} are such that Z?Zl Ai = 1. Then the fixed point of f is
unique.

Proof. Let v € X be another fixed point of f, different from z. By replacing in (2.6), and
taking into account the additional hypotheses, we have

d(z,v) =d(fz fv) < B(H;(z, v))H;(z, v) < H;(z, v)
- [)qdq(z, 0) + Xadi(2, £2) + Nodi (v, fv) + Ay (ALP0EAGLN )T

1+d(z,v)
d(v.f2) Atd(zf) V| 7
+)\5 ( 1+d(z,v) ) :|

= d(z,9) (M + X5) M1 < d(2, ),
which is a contradiction. Thus, z = v, so that f possesses exactly one fixed point. O

Corollary 2.1. Let (X, d) be a complete metric space and f : X — X be a mapping. If there
exists 8 € G such that

(2.25) d(fz, fy) < B (Al(@,9)) Al(,p),
where g > 0, \; > 0,7 € {1,2,3} are such that 2?21 A = land, for x,y € X, we denote
(2.26) Al(2,y) = [\d?(x,y) + Aad?(x, f) + Nad?(y, fy)]7 ,

then the fixed point of f is unique.

Corollary 2.2. Let (X, d) be a complete metric space and f : X — X be a mapping. Suppose
there exists 3 € G such that

(227) d(fz, fy) < B (Bj(w,y)) Bi(@.y).

where ¢ > 0, \; > 0,1 € {1, 2,3} are such that Z?Zl Xi = Lland, for x,y € X, we denote

1
q q| ¢
(228) Bi(z,y) = [Aldq(z, )+ o (MeLRUAE TNy (dnfaUdn i) ) ] -
Then there exists a unique fixed point of f.

Corollary 2.3. Let (X, d) be a complete metric space and f : X — X be a mapping. If there
exists B € G such that

(229) d(fz. fy) < 8 (Si(xv)) Si.v),
where ¢ > 0, \; > 0,i € {1, 2} are such that 2?21 Ai = Lland, for x,y € X, we denote
(2.30) Si@.y) = [\d?(z, fx) + Aad?(y, f3)]7 , for g >0,

then there exists a unique fixed point of f.

Remark 2.2. If we take \; = 0 for i € {2,3,4,5} and ¢ = 1, then we derive the original
theorem of Geraghty, that is, Theorem 1.1. It is clear that for different choices of \;, i €
{1,2,3,4,5} and for ¢, we can list more corollaries.

Corollary 2.4. Let (X, d) be a complete metric space and the functions f € Gand o : X x X —
[0,00). Let f be a self map on X such that:
(¢

(ii

f is triangular a—orbital admissible;

there exists xo € X such that o(xg, fzg) > 1;

tita) either, f is continuous,

iiib) or f? is continuous and o fz,z) > 1 forany x € X with d(z, fx) > 0,

—— —
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(7itc) or (X, d) is reqular with respect to c.
If one of the below conditions (c1)-(cs) is satisfied, then f has at least one fixed point z € X.
(a) alz,y)d(z,y) < B (C;(x, y)) C;(m,y), where a1, az, as,aq € [0, 00) are such that a; +
as +as+ag = 1and

(2.31)
[aldq<x7y><x,y> + azdi(, fx) + agdi(y, fy) + as (LG ] :
for g > 0,
Cl(x,y) = 7
(o))" -, Fo)l" - [d(g, fy))os - [ A0 Grseton] ™
for ¢4 = 0;
(&) alz,y)d(z,y) < B (D;(x, y)) DY (a,y), where by, by, by € [0,00) are such that by +
by + b3 =1and
(b1 (, y)(2,y) + bad?(w, f) + badi(y, fy)]* ,
for ¢ > 0,
(2.32) Di(x,y) =
[d(l’, y)]bl : [d(]}, f‘r)]b2 : [d(y7 fy)]bs’
for ¢ = 0;
(e3) a(z,y)d(z,y) < (5}'(96,3/)) Eg(x,y), where c1,cq € [0,00) are such that ¢; +c2 =1
and
[Cldq(xv fCL') + Cqu(yu fy)]% )
for g > 0,
(2.33) Ef(w,y) =
[d(z, fz)] - [d(y, fy)]*,
for 4 = 0.

Remark 2.3. As we get Theorem 2.5 by a(x,y) = 1 in Theorem 2.2 and Theorem 2.3,
we can conclude several corollaries by letting a(x,y) = 1 in Corollary 2.4. Furthermore,
for different combinations of \;, i = 1,2,3,4,5 and g, we can list more corollaries. For
instance, by taking A; = 0 for ¢ = 2,3,4,5 and ¢ = 1 in Theorem 2.5, we derive original
theorem of Geraghty, that is, Theorem 1.1.

Example 2.1. Let X :={1,3,5,7,9} and f : X — X be defined by

1, ze€{1,9}
flx):=4 3, ze€{57}
9, z=3,

Then all the conditions of Theorem 2.5 are satisfied with Ay = 1,Aa = A3 = Ay = A5 =0

and
|1, zandye {1,5,7,9}
o(z,9) = { 0, zory e {3},

and
1
B(t) = { }+t7
27
Moreover, the unique fixed point is z* = 1.



442 Erdal Karapinar, Adrian Petrusel and Gabriela Petrusel
REFERENCES

[1] Agarwal, R. and Karapinar, E., Interpolative Rus-Reich-Ciric type contractions via simulation functions, An. St.
Univ. Ovidius Constanta, Ser. Mat., 27 (2019), No. 3, 137-152
[2] Aydi, H., Chen, C. M. and Karapnar, E., Interpolative Cirié-Reich-Rus type contractions via the Branciari dis-
tance, Mathematics, 7 (2019), No. 1, 84; https://doi.org/10.3390/math7010084
[3] Aydi, H., Karapinar, E. and Roldan Lopez de Hierro, A. E,, w-Interpolative Ciri¢-Reich-Rus-type contractions,
Mathematics 7 (2019), No. 1, 84; https:/ /doi.org/10.3390/math7010084
[4] Bianchini, R. M. and Grandolfi, M. , Transformazioni di tipo contracttivo generalizzato in uno spazio metrico, Atti
Acad. Naz. Lincei, VIL Ser. Rend. Cl. Sci. Fis. Mat. Natur., 45 (1968), 212-216
[5] Ciri¢, Lj. , A generalization of Banach’s contraction principle, Proc. Amer. Math. Soc., 45 (1974), 267-273
[6] Dhage, B. C., Hybrid fixed point theory in partially ordered normed linear spaces and applications to fractional
integral equations, Diff. Equations and Appl., 5 (2013), 155-184
[7] Geraghty, M., On contractive mappings, Proc. Amer. Math. Soc., 40 (1973), 604—-608
[8] Hardy, G. E. and Rogers, T. D., A generalization of a fixed point theorem of Reich, Canad. Math. Bull., 16 (1973),
201-206
[9] Kannan, R, Some results on fixed points, Bull. Calcutta Math. Soc., 60 (1968), 71-76
[10] Karapmar, E., Algahtani, O. and Aydi, H., On interpolative Hardy-Rogers type contractions, Symmetry, 11
(2019), No. 1, 8; https:/ /doi.org/10.3390/sym11010008
[11] Karapmar, E., Revisiting the Kannan type contractions via interpolation, Adv. Theory Nonlinear Anal. Appl., 2
(2018), 85-87
[12] Karapnar, E., Agarwal, R. and Aydi, H., Interpolative Reich-Rus-Ciri¢ type contractions on partial metric spaces,
Mathematics, 6 (2018), No. 11, 256; https://doi.org/10.3390 /math6110256
[13] O’'Regan D. and Petrusel, A., Fixed point theorems for generalized contractions in ordered metric spaces, J. Math.
Anal. Appl., 341 (2008), 1241-1252
[14] Petrusel, A. and Rus, 1. A., Fixed point theorems in ordered L-spaces, Proc. Amer. Math. Soc., 134 (2006),
411418
[15] Petrusel, A. and Rus, I. A., Fixed point theory in terms of a metric and of an order relation, Fixed Point Theory,
20 (2019), 601-622
[16] Popescu, O., Some new fixed point theorems for o-Geraghty contractive type maps in metric spaces, Fixed Point
Theory Appl., 2014, 2014:190
[17] Radenovic, S., Kadelburg, Z., Jandrlic, D. and Jandrlic, A., Some results on weakly contractive maps, Bull.
Iranian Math. Soc., 38 (2012), 625-645
Reich, S., Some remarks concerning contraction mappings, Canad. Math. Bull., 14 (1971), 121-124
Rus, I. A., Generalized Contractions and Applications, Cluj University Press, Clui-Napoca, Romania, 2001
Rus, I. A., Petrusel, A. and Petrusel, G., Fixed Point Theory, Cluj University Press, Cluj-Napoca, 2008
Samet, B., Vetro, C. and Vetro, P, Fixed point theorems for oc — vp-contractive type mappings, Nonlinear Anal.
TMA, 75 (2012), 2154-2165
[22] Watanabe, T., Fixed point theorems in ordered metric spaces and applications to nonlinear boundary value problems,
Fixed Point Theory, 20 (2019), 349-364

[18
[19
[20
21

—_— D

IDEPARTMENT OF MEDICAL RESEARCH
CHINA MEDICAL UNIVERSITY

CHINA MEDICAL UNIVERSITY HOSPITAL
40402, TAICHUNG, TAIWAN

2CANKAYA UNIVERSITY

DEPARTMENT OF MATHEMATICS

06790, ETIMESGUT, ANKARA, TURKEY

Email address: erdalkarapinar@yahoo.com

3DEPARTMENT OF MATHEMATICS
BABES-BOLYAI UNIVERSITY
CLUJ-NAPOCA, ROMANIA

4 ACADEMY OF ROMANIAN SCIENTISTS, BUCHAREST, ROMANIA
Email address: petrusel@math.ubbcluj.ro

S5DEPARTMENT OF BUSINESS BABE§-BOLYAI UNIVERSITY
CLUJ-NAPOCA, ROMANIA
Email address: gabi.petrusel@tbs.ubbcluj.ro



