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Hussain et al. (2013) established new fixed point results in complete metric space. In this paper, we prove fixed point results of -
admissible mappings with respect to #, for modified contractive condition in complete metric space. An example is given to show
the validity of our work. Our results generalize/improve several recent and classical results existing in the literature.

1. Preliminaries and Scope

The study of fixed point problems in nonlinear analysis has
emerged as a powerful and very important tool in the last
60 years. Particularly, the technique of fixed point theory has
been applicable to many diverse fields of sciences such as
engineering, chemistry, biology, physics, and game theory.
Over the years, fixed point theory has been generlized in
many directions by several mathematicians (see [1-36]).

In 1973, Geraghty [12] studied different contractive con-
ditions and established some useful fixed point theorems.

In 2012, Samet et al. [33] introduced a concept of o —
y-contractive type mappings and established various fixed
point theorems for mappings in complete metric spaces.
Afterwards Karapinar and Samet [10] refined the notions
and obtained various fixed point results. Hussain et al. [17]
extended the concept of a-admissible mappings and obtained
useful fixed point theorems. Subsequently, Abdeljawad [4]
introduced pairs of a-admissible mappings satisfying new
sufficient contractive conditions different from those in
(17, 33] and proved fixed point and common fixed point
theorems. Lately, Salimi et al. [32] modified the concept of & —
y-contractive mappings and established fixed point results.

We define Q) the family of nondecreasing functions y :
[0, +00) — [0, +00) such that Y, ] " (t) < +00, and y(0) =
0 for each t > 0 where y" is the nth term of y.

Lemma 1 (see [32]). Ify € Q, then y(t) <t forallt > 0.

Definition 2 (see [33]). Let (X, d) be a metric space and let
S : X — X be a given mapping. We say that S is an « — y-
contractive mapping if there exist two functions« : XxX —
[0, +00) and ¥ € Q such that

a(x,y)d (Sx,Sy) <y (d(x.y)), o)

forall x, y € X.

Definition 3 (see [33]). LetS: X — Xanda: XxX — [0,
+00). One says that S is a-admissible if x, y € X, a(x, y) >
1 = a(Sx,Sy) = 1.

Example 4. Consider X = [0,00). DefineS: X — Xand«:
X xX — [0,00) by Sx = 2x, forall x, y € X and

e* ifx>y, x#0

M&ﬂ={ )

0 it x < y.
Then S is «-admissible.

Definition 5 (see [32]). LetS: X — Xandleta,n: XxX —
[0, +00) be two functions. One says that S is a-admis-sible
mapping with respect to 7 if x, y € X, a(x, ¥) = 5(x, y) =
a(Sx,Sy) = n(Sx,Sy). Note that if one takes n(x, y) = 1,
then this definition reduces to definition [33]. Also if we
take at(x, y) = 1, then one says that S is an #-subadmissible

mapping.
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2. Main Results

In this section, we prove fixed point theorems for «-admissi-
ble mappings with respect to #, satisfying modified (« — #)-
contractive condition in complete metric space.

Theorem 6. Let (X, d) be a complete metric space and let S
is a-admissible mappings with respect to 1. Assume that there
exists a function 3 : [0,+00) — [0, 1) such that, for any boun-
ded sequence {t,,} of positive reals, f(t,) — 1 impliest, — 0
such that

(d (Sx Sy) + l)"‘(x)sx)vé()’,Sy)

< (B(d (%)) d (x, y) + )10

forall x,y € X wherel > 1; then suppose that one of the
following holds:

(3)

(i) S is continuous;

(ii) if {x,} is a sequence in X such that «(x,,x,,;) =
(X, Xpp1) foralln € NU {0} and x,, — p € X as
n — +0o, then

a(p.Sp) =n(p.Sp). (4)

If there exists x, x; € X such that a(xy, x,) > 1(xy, x1), then
S has a unique fixed point.

Proof. Let x, € X and define
X =Sx,, VYn>0. (5)

We will assume that x,, # x,,,, for each n. Otherwise, there
existsan nsuch thatx,, = x,,,,. Then x,, = Sx,, and x,, is a fixed
point of S. Since a(x, x;) = #(xy, x;) and § is a-admissible
mapping with respect to #, we have

o (x1,%,) = a(Sxg, Sxp) =1 (Sx,Sx;) = (%1, %) (6)
By continuing in this way, we have
o (% Xpy1) 2 1 (X X1 7)
for all n € N U {0}. From (7), we have
& (5,15 %) @ (X K1) 2 17 (K15 %) 171 (% X1) . (8)

Thus applying the inequality (3), with x = x;_; and y = x;,
we obtain

(d (xk X 1) + l)n(xk—l)sxk—l)n(xk)sxk)
> Xy
= (d (Sxy» S + Iy S S50
< (d (Sxk—l’sxk) n l)‘x(xkfl’sxk—l)“(xk’sxk)

(k158X p—1 )1 (Xp>Sx)
< (B(d (-1 %)) d (xgeg ) + 1) !
)

which implies that

d (X Xp41) < B(d (15 x3)) d (0515 Xp) - (10)

Abstract and Applied Analysis

We suppose that
d (X X)) < d (X1, ) - (11)

Then we prove that d(x;_;, x;) — 0. It is clear that {d(x;_,,
x;)} is a decreasing sequence. Therefore, there exists some
positive number g such that lim,, _, . d(x, x;,1) = 0. Now
we will prove that ¢ = 0. From (10), we have

d (x

Ao Xin) g4 x) < 1. (12)

d (X1 %)
Now by taking limit k — 00, we have

d _ limy, ood (% Xjei1)

1=2= = < B(d R <1,
d o limy, ood (x5, X3) Al (v )

Jim B (52,30)) = 1.

(13)

By using property of 3 function, we have lim; _, d(x;_;,
x;) = 0. Thus

Jim d (g 1) = 0. (14)
Now we prove that sequence {x,} is Cauchy sequence. Sup-
pose on contrary that {x,} is not a Cauchy sequence. Then
there exists € > 0 and sequences {xmk} and {xnk} such that,

for all positive integers k, we have ;. > my. > k,

d (xmk, xnk) > ¢,

d (%%, ) <€ "
By the triangle inequality, we have
e <d (%%, )
<d (X%, ) +d(x, %) (16)

<e+d (xnkil,xnk)

for all k € N. Now taking limitas k — +00 in (16) and using
(14), we have

Jim d (%%, ) = €. 17)
Again using triangle inequality, we have
d (%%, ) < d (XX ) +d (X %, )
+d (x, %, )
d(xy 2%, ) <A (X % ) +d (X5 %, )

+d (x”k’ x”k+1) .

(18)

Taking limit as k — +00 and using (14) and (17), we obtain

lim d(x,, .x, )= (19)

k— +o0
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By using (3), (17), and (19), we have

Ny S (%)
(d (xmk+1 > x”kﬂ ) + l)

(X, S, Jex(x,, ,Sx, )
'k 'k 'k k
< (d (x,kﬂ,xnkﬂ) + l)

)oc(xmk ,Sxmk )oc(x,,k ,ank)

< (d (Sxmk,Txnk) +1

= (ﬁ (d (ka, x"k )) d (xmk’ xnk) + l)n(XMk ,Sxmk ),](x"k ,ank)
(20)
which implies that
d (xmk+1’ o ) = ﬁ (d (ka, xnk)) d (xmk’ xnk) . (21)

Therefore, we have

d (xmk Xy, )
— e B < B(d (X)) S 1. (22)
d (xmk ’ x”k)
Now taking limit as k — +00 in (22), we get
nlg%oﬁ (d (xmk’ x"k)) =L (23)

Hence lim;._, ., d(x,, ,x, ) = 0 < €, which is a contradiction.
Hence {x,,} is a Cauchy sequence. Since X is complete so there
exists p € X such that x, — p. Now we prove that p = Sp.
Suppose (i) holds; that is, S is continuous, so we get

Sp = Snli_)rréoxn = nli_)rrg()Sx,, = nlerngn+1 =p. (24)
Thus p = Sp. Now we suppose that (ii) holds. Since
“('xn’xrﬁl) = ﬂ(xn"xrﬁl) (25)
for all n € N U {0}. By the hypotheses of (ii), we have

o (p, Sp) & (xi Sxic) = 11 (P, Sp) 1 (%1 Sxi) - (26)
Using the triangle inequality and (3), we have

(d (Sp’ xk+1) + Z)U(P,Sp)r/(xk,sxk)

= (d (Sp, Sx;) + 1)1PP1xSx0)
(27)
< (d (5p.Sxy) + )PP

< (BA(px))d(px;) + Z)W(P>Sp)ﬂ(xk,8xk)
which implies that
d(sp)xkﬂ) < ﬁ(d (P, Xk))d(p,xk)_ (28)

Letting k — oo then we have d(p, Sp) = 0. Thus p = Sp. Let
there exists g to be another fixed point of S € X, s.t g = Sg;

(d(p, q) + 1)"PSP@sD)
,Sp)1(g,5q)
= (d (Sp, Sq) + 1)"PP1es -
< (d(Sp,Sq) + l)“(P’SP)OC(q,Sq)

< (Bd(p,q)d(p, q) + 1) #P@sD

which implies that

d(p.q)+1<p(d(p.q)d(p.q) +1. (30)

By the property of 8 function, S(d(p,q)) = 1, implies d(p,
q) = 0; then we have p = q. Hence S has a unique fixed point.
O

If n(x, y) = 1 in Theorem 6, we get the following corol-
lary.

Corollary 7 (see [17]). Let (X,d) be a complete metric space
and let S be a-admissible mapping. Assume that there exists a
function B : [0,+00) — [0,1) such that, for any bounded
sequence {t,} of positive reals, f(t,) — 1impliest, — 0 such
that
(d (Sx,8y) + )" < B(d (x, ) d (x, ) + L.
(31)

forall x, y € X, wherel > 1. Suppose that either
(i) S is continuous, or
(ii) if {x,} is a sequence in X such that «(x,, x,,,) = 1 for
alln e NU {0} and x, —» p € Xasn — +oo, then

a(p,Sp) = 1. (32)

If there exists x, x; € X such that a(xy, x,) > 1; then S has a
Sfixed point.

If a(x, y) = 1 in Theorem 6, we get the following corol-
lary.

Corollary 8. Let (X, d) be a complete metric space and let S be
n-subadmissible mapping. Assume that there exists a function
B:[0,+00) — [0, 1) such that, for any bounded sequence {t,}
of positive reals, B(t,) — 1 impliest, — 0 such that

(d (Sx,8p) +1) < (B(d (x, ) d (x, y) + 1)1 (33)

forall x,y € X wherel > 1; then suppose that one of the
following holds:

(i) S is continuous;

(ii) if {x,} is a sequence in X such that n(x,, x,,,) < 1 for
allneNU{0}and x, — p € Xasn — +oo, then

n(p,Sp) < L. (34)
If there exists x, x; € X such that n(xy,x,) < 1, then S has a
fixed point.

Example 9. Let X = [0, co) with usual metricd(x, y) = [x—y|
forallx,y e XandS: X — X,a: X xX — [0,00) and
B:10,+00) — [0,1] forall x, y € X be defined by

o J0 ifxep

“Tlvx ifxe1s])’

“(x’y)_‘lo ifx<y’ )
Bt =, BO) €01

7



We prove that Corollary 7 can be applied to S. Let x, y € X;
clearly Sx < x and Sy < y, then S of a-admissible map-
ping a(x, y) > 1, and a(x,Sx) > 1, a(y,Sy) > 1, and a(x,
Sx)a(y,Sy) > 1 imply that

(d (S, Sy) + 5909

x-y
=Sx-Sy+l=x—y+l<—"—+1
! s mr s e

Si(xx—vly)+l=ﬁ(d(x>y))(d(x,y))+l~

If ae(x, Sx)ax(y, Sy) = 0, then we have

(d (Sx, Sy) + 1)*Se)

(37)
=1<p(d(x)(d(xy))+1
Letx = 5and y = 2; then
(S5, $2)X5:Sa(3.83)

=0.8218
(38)

< Bd(5,3))(d(5,3))

= 1.4142.

Theorem 10. Let (X, d) be a complete metric space and let S
be a-admissible mappings with respect to y. Assume that there
exists a function 3 : [0,+00) — [0, 1) such that, for any boun-
ded sequence {t,} of positive reals, f(t,) — 1 impliest, — 0
such that

o (x,Sx) a (y,Sy) d (Sx, Sy)

<1 (652 (y,Sy) B(d (x. ) d (x. y)
forall x, y € X; then suppose that one of the following holds:

(39)

(i) S is continuous;

(ii) if {x,} is a sequence in X such that «(x,,x,.,) =
(X, Xppy) foralln € NU {0} and x,, — p € X as
n — +0o, then

a(p,Sp) =n(p.Sp). (40)

If there exists x, x; € X such that a(xy, x,) > 1(xy, x,), then
S has a fixed point.

Proof. Let x, € X and define

Xy = Sx,, Vn=0. (41)

We will assume that x,, # x,,,, for each n. Otherwise, there
existsan nsuch that x,, = x,,,,. Then x,, = Sx,, and x,, is a fixed
point of S. Since a(xy, x;) > #(xy, x;) and S is a-admissible
mapping with respect to #, we have

“(xl’xz) = oc(Sxo,le) 42)
> 17(Sx0>Sx1) = 11 (%1, %3) -
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By continuing in this way, we have
0 (%0 %341) 2 17 (%> X111 (43)
for all n € N U {0}. From (43), we have
0 (%15 %) 0 (X K1) 217 (%m0 %) 1 (Ko K1) (44)

Thus applying the inequality (39), with x = x;_; and y = x;,
we obtain

n (xk—l’ Sxk—l) n (xk’ Sxk) d (xk’ xk+1)
=" (xk—p Sxk—l) n (xk’ Sxk) d (Sxk—p Sxk)
< o (1> Sxp_y ) & (x4, Sxp.) d (Sxp_y> Sx) (45)

<17 (1> SX5e1) 1 (x50 Sxi) B (A (30415 )
x d (1> %)
which implies that
d (X Xpei1) < B(d (X5 %0)) d (310 6) . (46)
We suppose that
d (X X)) < d (X515 1) - (47)

Then we prove that d(x;_;, x;) — 0. It is clear that {d(x;_;,
x;)} is a decreasing sequence. Therefore, there exists some
positive number g such that lim,, , . d(x, x;,1) = 0. Now
we will prove that ¢ = 0. From (47), we have

d (xk’xkﬂ) <
d (xk—1> xk)

Now by taking limit k — 00, we have

B(d (41, %)) < 1. (48)

124 _ limy_, od (X5 X411)
Cd o limy od (X X)

khjgoﬁ (d (o x0)) = 1.

<B(d(xenx) < 1,
(49)

By using property of f function, we have lim; _, . ,d(x;_;,
x;.) = 0. Thus

Jim d (x 1) = 0. (50)

Now we prove that sequence {x,} is Cauchy sequence. Sup-
pose on contrary that {x,} is not a Cauchy sequence. Then
there exists € > 0 and sequences {m;} and {n;} such that, for
all positive integers k, we have n, > my. > k,

d (xmk, xnk) > ¢,

(51)
d (xmk,xnkil) <e.
By the triangle inequality, we have
€< d(xmk,xnk)
<d (xmk, an) +d (xnlﬁ1 , xnk) (52)

<e+d (xnkil,xnk)
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for all k € N. Now taking limit as k — +c0 in (52) and using
(50), we have

Jim d (%%, ) = €. (53)
Again using triangle inequality, we have
d(x,,%, ) <d (%%, ) +d(x, .x, )
+d (x, 0%, )
d (% 2%, ) <d (X, 2% ) +d (%%, )

+d (x"k’ x"kH) :

(54)

Taking limit as k — +00 and using (50) and (53), we obtain

lim d(x,, .x, )=e (55)

k— 400

By using (39), (53), and (55), we have

n (xmk’ Sxmk) U (x”k’ Sx”k) d (xmk+1 ’ x"k+1)
sa (xmk’ Sxmk) o (x”k’ Sx"k) d (xmk+1 ’ x"k+1)
<a (xmk, Sxmk) « (xnk, ank) d (Sxmk, Txnk) (56)
=1 (xmk’ Sxmk) U (x”k’ Sx”k) ﬁ (d (xmk’ x”k))
xd (xmk, xnk)
which implies that
d (xmk+1 > x"k+1) < ﬁ (d (xmk’ Xy )) d (xmk’ x”k) : (57)
Therfore, we have
d (xmk > Xy )
— = < B(d(x,,,.%x, )) <1 (58)
d(xmk’xnk) ( ( k k))
Now taking limit as k — +00 in (58), we get
nangOﬁ (d (xmk, xnk)) =1. (59)
Hence limy _, d(x,,,, X, ) = 0 < €, which is a contradiction.
Hence {x,,} is a Cauchy sequence. Since X is complete so there

exists p € X such that x, — p. Now we prove that p = Sp.
Suppose (i) holds; that is, S is continuous, so we get

Sp = th_,r%ox" = nli_)rréOan = nlil%ox”“ =p.  (60)
Thus p = Sp. Now we suppose that (ii) holds. Since

(x('xn’xrﬁl) 2 n(xn’xrﬁl) (61)

for all n € N U {0}. By the hypotheses of (ii), we have

a(p,Sp) & (xi, Sx1) = 1 (P, Sp) m (x4 Sxi.) . (62)

5
Using the triangle inequality and (39), we have
1(p>Sp) 11 (x> Sxi.) d (Sp> xp.11)
=1 (p>Sp) n (x1, Sxi.) d (Sp, Sxy.) (63)

< a(p,Sp) a (xy, Sxi) d (Sp, Sxy)
<1 (psSp) 1 (i Sxic) B(d (P xi.)) d (P> xi) »

which implies that

d (Sp, xee1) < B(d (poxi)) d (P x1) - (64)

Lettingk — o0, we have d(p, Sp) = 0. Thus p = Sp. Let there
exists g to be another fixed point of Sq € X, s.t g = Sq;

n(p>Sp)n (g, Sq) d (Sp. Sq)
< o (p,Sp) (g, Sq9) d (Sp> Sq) (65)
<1 (p,Sp)n(a.Sq) B(d (p.q))d (p,q).
implies
d(Sp,Sq) < B(d(p:q))d (p.q)- (66)

By the property of 8 function, S(d(p,q)) = 1 implies d(p,
q) = 0; then we have p = q. Hence S has a unique fixed point.
O

If y(x, y) = 1 in Theorem 10, we get the following corol-
lary.

Corollary 11 (see [17]). Let (X, d) be a complete metric space
and let S be a-admissible mapping. Assume that there exists a
function B : [0,+00) — [0,1) such that, for any bounded
sequence {t,} of positive reals, B(t,) — 1impliest, — 0 such
that

a(x,8x) a(y,8y)d (Sx,Sy) < B(d (x, y))d(x,¥)  (67)
forall x, y € X. Suppose that either

(i) S is continuous, or

(ii) if {x,} is a sequence in X such that «(x,, x,,,) > 1 for
alln e NU{0}and x,, » p € Xasn — +00, then

a(p,Sp) = 1. (68)

If there exists x, x; € X such that a(xy, x,) > 1, then S has a
fixed point. Our results are more general than those in [17, 32,
33] and improve several results existing in the literature.
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