Nonlinear Functional Analysis and Applications

Vol. 23, No. 2 (2018), pp. 247-257 -
ISSN: 1229-1595(print), 2466-0973(online) Pe /y/.' V4
http://nfaa.kyungnam.ac.kr/journal-nfaa KUPFSsS

Copyright © 2018 Kyungnam University Press

COMMON FIXED POINT FOR MAPPINGS UNDER
CONTRACTIVE CONDITION BASED ON ALMOST
PERFECT FUNCTIONS AND a-ADMISSIBILITY

Wasfi Shatanawil? and Kamaleldin Abodayeh?

lDepartment of General Sciences, Prince Sultan University,
Riyadh, Saudi Arabia

e-mail: wshatanawi@psu.edu.sa, swasfi@hu.edu. jo

2Department of Mathematics, The Hashemite University,
P.O. Box 330127, Zarqa 13133, Jordan
e-mail: kamal@psu.edu.sa

Abstract. In this paper, we introduce the notion of («, 3,)-contraction for two mappings
defined on a set X. We utilize our new definition to formulate and prove many fixed and
common fixed point results in the context of metric space. Our results are extension and

improvement for many exciting results in the context of metric spaces.

1. INTRODUCTION AND PRELIMINARIES

The usability of fixed point theory in applied sciences made this area very
attractive area to many researchers. Many researchers applied many fixed
point theorems to prove the uniqueness and existence of many problems. The
most remarkable result in fixed point theorems is the Banach fixed point theory
[6]. For some generalization of Banach fixed point theory, see for example [16]-
[17] and all references cited their.

Samet et al. [15] introduced the concept of a-admissible for a single map-
ping and utilized this concept to introduce and prove some fixed point theo-
rems. While, Abdeljawad [1] introduced the concept of a-admissible for a pair
of mappings and proved some fixed point theorems of the type Meir-Keeler.
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Recently, many researchers studied many fixed point theorems in theses two
concepts (see [4]-[14]). Karapiner et al. [11] introduced the concept of trian-
gular a-admissibility for a single mapping and proved a fixed point theorem of
the type Meir-Keeler. Salimi et al. [14] introduced the concept of a-admissible
for single mapping with respect to the function n and constructed some nice
fixed point results. Recently, Hussain et al. [10] extended the notion of a-
admissible for a pair of mappings to the concept of a-admissible with respect
to a function .

The concept of a-admissible mappings is defined as follows:

Definition 1.1. ([15]) Let S : X — X be a mapping and a: X x X — [0, 00)
be a function. Then S is called a-admissible if z,y € X with a(z,y) > 1, we
have oSz, Sy) > 1.

The triangular a-admissibility for a single mapping was given by Karapiner
[11] as follows:

Definition 1.2. ([11]) Let 7 : X — X and a : X x X — [0,00). Then T is
called a triangular a-admissible mapping if it satisfies the following conditions:
(1) T is a-admissible;
(2) If a(z,2) > 1 and a(z,y) > 1, then a(z,y) > 1.

Abdeljawad [1] introduced the concept of a-admissible for a pair of map-
pings as follows:

Definition 1.3. ([1]) Let S,7 : X — X be two mappings and o : X x X —
[0,00) be a function. The pair (S, T) is called a-admissible if for any x,y € X
with a(z,y) > 1, we have a(Sz,Ty) > 1 and a(Tz, Sy) > 1.

The a-admissibility for the pair of two mappings with respect to a function
B is given as follows:

Definition 1.4. ([8]) Let S, T : X — X be two mappings and a,n: X x X —
R be two functions. The pair (S, 7T) is said to be a-admissible with respect to
n if for any z,y € X with a(z,y) > n(z,y), we have a(Sz, Ty) > n(Sz, Ty)
and a(Tx,Sy) > n(Tz, Sy).

The concepts of (a,n)—complete metric spaces and («a,n)—continuous map-
pings is given in the following definitions.

Definition 1.5. ([9]) Let (X, d) be a metric space and a,n: X x X — [0, 00)
be two functions. Then X is said to be an (a,n)—complete metric space
if every Cauchy sequence {z,,} in X with a(x,,zn+1) > n(Tn, Tp41) for all
n € N, converges in X.
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Definition 1.6. ([9]) Let (X, d) be a metric space and a,n : X x X — [0, 00)
be two functions. A mapping 7' : X — X is said to be an («, n)—continuous
mapping if each sequence {x, } in X with z,, — z asn — oo and a(zp, Tpt1) >
n(Zpn, Tns1) for all n € N implies Tx,, — Tz as n — oo.

By defining n: X x X — RT by n(s,t) = 1, we can reformulate the above
definitions as follows:

Definition 1.7. Let (X, d) be a metric space and a : X x X — [0,00) be a
function. Then X is said to be an a—complete metric space if every Cauchy
sequence {zy} in X with a(x,,z,4+1) > 1 for all n € N, converges in X.

Definition 1.8. Let (X, d) be a metric space and o : X x X — [0,00) be a
function. A mapping T : X — X is said to be an a—continuous mapping if
each sequence {z,} in X that converges to z € X and a(xy,, 2p4+1) > 1 for all
n € N implies that Tz,, — Tx as n — oo.

Abodayeh et al. [2] introduced the notion of almost perfect function as
follows:

Definition 1.9. ([2]) A nondecreasing function ¢ : RT — R is called an
almost perfect function if 1) satisfies the following conditions:

(1) ¥(t) = 0 if an only if ¢t = 0.

(2) If (ty,) is a sequence in [0, +o0) with ¥(¢,) — 0, then ¢, — 0.

In this paper, we utilized the concept of almost perfect function and the
concept a-admissibility to construct and prove many fixed and common fixed
point results in the setting of metric spaces.

2. MAIN RESULT

We start our work by introducing the notion of triangular a-admissible for
pair of self mappings 7" and S on a set X.

Definition 2.1. Let S, T : X — X be two mappings and o : X x X —+ R be a
function. The pair (S, T) is said to be triangular a-admissible if the following
conditions hold:
(1) If z,y € X with a(z,y) > 1, then a(Sz,Ty) > 1 and «(Tz, Sy) > 1.
(2) If z,y,2z € X with a(z,z) > 1 and a(z,y) > 1, then a(z,y) > 1.

Now, we introduce the notion of triangular a-admissible with respect to
another function g for the pair of self mappings S and T on a set X.
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Definition 2.2. Let 5,7 : X — X be two mappings and o, 8 : X x X - R
be two functions. The pair (S,T") is said to be triangular a-admissible with
respect to 3 if the following conditions hold:

(1) If 2,y € X with a(x,y) > B(z,y), then a(Sz,Ty) > (Sz,Ty) and
o(T'z, Sy) = f(Tx, Sy);
(2) If a(z, 2) = f(z,2) and a(z,y) = B(z,y), then a(z,y) = B(z,y).

In order to make our work visible, we introduce the following definition:

Definition 2.3. Let (X,d) be a metric space. Let S,T : X — X be two
mappings and o, : X x X — [0,400). The pair (S,T) is called (o, 8,%)-
contractive if there exist k € [0,1) and an almost perfect function 1 such that
for z,y € X with a(x,y) > S(x,y), we have

P(d(Sz, Ty)) < max{ky(d(z,y)), ki (d(x, Sx)), k(d(y, Ty))}-

Now, we introduce and prove our main result:

Theorem 2.4. Let (X,d) be an (a, B)-complete bounded metric space, where
a,f: X x X — R be two functions. Let S,T : X — X be («, B)-continuous
mappings. Assume the following conditions hold:

(1) (S,T) is (o, B,%)-contractive.

(2) (S,T) is triangular a-admissible with respect to (.

(3) There exists vg € X such that a(Sxo,TSxg) > [(Szo,T'Sxo) and
a(TSxg, Sxo) > B(T'Sxg, Sxp).

Then the two mappings S and T have a common fized point.
Proof. By Condition (3), we choose 2y € X with a(Sxzg, T'Sx1) > B(Sxo, T'Sx1)
and o(TSxg, Sx1) > B(Txg,Sz1). Define a sequence {x,} in X such that
Tont1 = Sxo, and wonyo = Twonyq for all n € N. Since the pair (S,7T) is
a-admissible with respect to 5, we have

a(r1, z2) = a(Sxo, Tx1) > B(Sxo, Tx1) = (21, 22)
and

a(r2,r1) = a(Try, Swo) > B(Tw1, Sw0) = B(22, 71).
Again, by using a-admissible property with respect to 5, we have

a(r2,23) = a(Tx1, Sxe) > B(Tw1, Sw2) = B(72, 73)

and
a(r3, v2) = a(Sze, Tx1) > B(Sxe, Tx1) = B(73, 72).

Repeating the above process for n-times, we have a(zy, Tn+1) > B(Tn, Tnt1)
and a(xpi1,Tn) = B(@nt1, Tn).
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Using the property of triangular a-admissibility with respect to 8, we can
deduce that for any n,m € N with m > n, we have a(x,, zn) > B(zn, Tm)
and oz, Tn) > B(Tm, Tn).

If there exists ng € N such that za,, = 2,41, then z9,, = Sz2,,. Hence
Ton, is a fixed point of S. Since a(zan,, Tang+1) > B(Tangs T2ne+1), We have

Y(d(T2n9+1; T2ng+2)) = Y(d(STang, TT2n0+1)
max{kﬂ}(d(”r?no» 332n0+1))7 kw(d($2nov S:UZHO))’
kp(d(@2ng+1, T22n0+1)) }

= kY(d(@ong+1, Tang+2))-
Since k € [0,1), we conclude that ¥ (d(z2ng+1, T2ne+2)) = 0. Using the prop-
erties of 1, we conclude that z9,, = Ton,+1 = Tany+2. Thus za,, is a common
fixed point of S and 7. Similarly, we can show that if zo,,41 = Zany+2,
then x2,,+1 is a common fixed point of S and 7". Thus, we may assume that

Ty # Tpeq for all m € N.
Now given n € N. Then

Y(d(z2nt1, T2nt2)) = Y(d(Szon, To2n+1))
max{kv)(d(v2n, T2n+1)), K (d(z2n, ST2n)),
kp(d(zont1, Tront1))}

= max{k(d(z2n, Tant1)), kP (d(T2n11, T2nt2)) }-

If max{ky(d(xon, T2n+1)), kY(d(T2n+1, Tant2))} = kP (d(@2n+1, Tant2)), We con-
clude that xo,41 = xop+2, which is a contradiction. So, we have

maX{k¢(d($2n, x2n+l))a k‘@b(d(@nﬂ, $2n+2))} = k¢(d($2n, 9E2n+1))-

Therefore,

IN

IN

PY(d(T2n41, Tany2)) < kY(d(xon, T2n41)). (2.1)
Note that,

V(d(z2n, Tont1)) = Y(d(Tz2n—1, Sz2n))

W(d(Szap, Tron—1))

max{k(d(z2an, Tan—1)), kY (d(z2n, Sxan)),
kp(d(zon—1,Txon-1))}

= max{ky(d(x2n, T2n-1)), kb (d(@2n, T2n11))}-

If max{ky(d(xon, xon-1)), k¥ (d(x2n, Ton+1))} = k(d(z2n, Ton+1)), we con-
clude that xo, = 22,41, which is a contradiction. So

max{ky(d(z2n, Ton—1)), k¥ (d(x2n, Ton+1))} = k(d(x2n, T2n-1)).

IN
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Therefore

Y(d(T2n, Tont1)) < k(d(@2n, T2n-1))- (2.2)

By combining (2.1) and (2.2), we conclude that

Y(d(zn, Tnt1)) < kY(d(@n-1, 7)) (2.3)

Repeating (2.3) n-times, we have

Y(d(zn, Tn+1)) < kY(d(zn-1,25))
< kzw(d@n—%xn—l))
< kE™p(d(xo,x1)). (2.4)

Letting n — 400 in (2.4), we get

lim w(d(xmxn+l)) = 0.

n——+o0o

Using the properties of almost perfect mappings, we conclude that

lim d(zp,zp+1) =0. (2.5)

n—-+00

The next step is to show that {z,} is a Cauchy sequence in X. To do this,
let n,m € N with m > n. We have four cases to prove the result.

Case I: n is odd and m is even. Here, n =2t +1 and m = 2t + s+ 1 for
some t, s € N, where s is odd.
Since a(x2¢41, X2t+1+s) = B(Tot+1, Tort1+s), we have

Y(d(@n, Tm)) = Y(d(T2041, T2t45+1))

= Y(d(Swop, Twors))

< max{k(d(za, x2t+5)), ki (d(xa, Swar)),
kb (d(zotys, Trorys))}
max{ky(d(was, T2t4s)), kb (d(zae, T2041)),
ky(d(watys, Tatrsi1))}
max{ky(d(zat, T21+s)), kY (d(zat, v2141))}
max{kt)(d(a, or+s)), K> (d(wo, 1))}
max{k(d(Tn—1, Tn—1+s)), " Y(d(xo,21))}. (2.6)

IN
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Since a(xay, Tarts) > B(xar, T2pts), we have

¢(d($n—1,$n—1+s)) = ¢(d($2t,$2t+s))
Y(d(Twop—1,5%2145-1))
Y(d(Swopqs—1,TT2—1))

< max{k(d(r2r—1, T2t+5-1)), k¥ (d(z2—1, TT2-1)),
ki (d(zoiqs—1, STarrs—1))}

< max{ky(d(rat—1, Tarys—1)), kb(d(w2-1, Tat)),
kp(d(@2t4s—1, T2t+s)) }

= max{ky(d(z2t—1, Tar4s-1)), b (d(@2—1, v2t)) }

< max{kip(d(w2—1,22015-1)), K*P(d(x0, 21))}

max{k(d(zn_2, Tn_24s)), K" (d(z0, 1)) }. (2.7)
By (2.6) and (2.7), we conclude that
Y(d(@n, om)) < max{ky(d(zn-1,Tn-1+s)), K" (d(z0, 21))}
< max{k*Y(d(zn-2, Tn-2+5)), K"¥(d(z0, 21))}

max{k" Y (d(zg,zs)), k" (d(zo,x1))} (2.8)
On letting n — 400 in (2.8), we conclude that

lim  ¢(d(zp,xm)) = 0.

n,m—+00

Since 1 is an almost perfect function, we obtain

lim d(zp,zm) =0. (2.9)

n,m—+00
Case II: n and m are both odd. By triangular inequality, we have
d(xp, Tm) < d(Xn, Tm—1) + A(Tm—1, Tm)-
Letting n,m — +oco in above inequality and using Case I and (2.5), we get

lim  d(zy,,xmn) =0.
n,m—-+oo

Case III: n and m are both even. By triangular inequality, we have
d(Zn, Tm) < d(Tn, Tpy1) + d(@Znr1, Tm).
Letting n,m — +o0 in above inequality and using Case I and (2.5), we get

lim  d(zp,zm) =0.
n,m—-+oo

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

d(.%'n, xm) < d(l’n, xn—l—l) + d(xn—f—l? xm—l) + d(xm—la xm) =0.
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Letting n,m — +oco in above inequality and using Case I and (2.5), we get

nn’lbli}}&-oo d(xy, zm) = 0.

Combining all cases together, we conclude that {z,} is a Cauchy sequence in
X. Since X is an («, 8)—complete metric space, then there exists x € X such
that x, — z. Using (a, 8)—continuity of the mappings S and T, we deduce
that Sxo, — Sz and Txe,+1 — Tx. Using the uniqueness of limit, we have
Sz = and Tx = x. Thus x is a common fixed point of S and T O

Now, we recall the definition of altering distance:

Definition 2.5. ([12]) A function ¥ : RT™ — R is called an altering distance
function if v satisfies the following conditions:

(1) ¥(t) =0 if and only if t = 0.

(2) % is continuous and nondecreasing.

Corollary 2.6. Let (X,d) be an («a, 8)-complete bounded metric space, where
a,f: X x X = R are two functions. Let S,T : X — X be («, B)-continuous
mappings. Assume that the pair (S,T) is triangular a-admissible with respect
to B. Moreover, assume there exist an altering distance function ¢ and k €
[0,1) such that for z,y € X with o(z,y) > B(z,y),

P(d(Sz, Ty)) < max{ky(d(z,y)), ki (d(z, Sx)), k(d(y, Ty))}-
If there exists xo € X such that
a(Sxzg, TSxo) > B(Sxo, TSxy) and «(TSxg,Sxo) > (S0, T'Sx0),
then S and T have a common fized point.

Proof. The proof follows from Theorem 2.4 by noting that every altering dis-
tance function is an almost perfect function. O

Corollary 2.7. Let (X,d) be an («a, B)-complete bounded metric space, where
a,B: X x X — R are two functions. Let S,T : X — X be («, B)-continuous
mappings. Assume that the pair (S,T) is triangular a-admissible with respect
to B. Moreover, assume there exist an almost perfect function ¢ and a,b,c €
[0,1) with a+b+ ¢ <1 such that for x,y € X with a(x,y) > B(z,y),

P(d(Sz, Ty)) < ayp(d(z,y)) + by (d(x, Sz)) + cp(d(y, Ty)).

If there exists xg € X such that a(Sxg, T'Sxo) > B(Sxo, T Sxo) and a(T Sxg, Sxp)
> B(T'Sxg, Sxp), then S and T have a common fixed point.
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Proof. Note that ay)(d(x,y))+ by (d(x,Sx)) + cp(d(y, Ty)) < (a+ b+ ¢) max{
Y(d(z,y)), ¥ (d(x,Sx)),¥(d(y, Ty))}. The proof follows from Theorem 2.4 by
taking £k = a + b + ¢ and noting that S and T satisfy all the hypotheses of

Theorem 2.4. O

Corollary 2.8. Let (X,d) be an («, B)-complete bounded metric space, where
a,B: X x X — R be two functions. Let S,T : X — X be («, B)-continuous
mappings. Assume that the pair (S,T) is triangular a-admissible with respect
to B. Moreover, assume there exist an altering distance function v and a,b,c €
[0,1) with a+ b+ ¢ < 1 such that for z,y € X with a(x,y) > B(x,y),

P(d(Sz, Ty)) < ayp(d(x,y)) + by (d(x, Sz)) + cp(d(y, Ty)).

If there exists xg € X such that a(Sxo, T'Sxo) > B(Szo, T Sxo) and a(T Sxg, Szp)
> B(T'Sxg, Sxp), then S and T have a common fixed point.

Proof. The proof follows from Corollary 2.7 by noting that every altering dis-
tance function is an almost perfect function. O

On a set X, define the function 8 : X x X — R by [(s,t) = 1. Then we
have the following corollaries:

Corollary 2.9. Let (X,d) be an a-complete metric space, where o : X x X —
R is a function. Let S, T : X — X be a-continuous mappings. Assume that
the following conditions hold:

(1) There exist an almost function v and k € [0,1) such that if x,y € X
with a(z,y) > 1, then

P(d(Sz, Ty)) < max{ky(d(z,y)), ki (d(x, Sx)), k(d(y, Ty))}-

(2) (S,T) is triangular a-admissible.
(3) There exists xy € X such that a(Sxzg, TSxo) > 1 and «(T'Sxzg, Sxzp) >
1.

Then the two mappings S and T have a common fized point.

Corollary 2.10. Let (X,d) be an a-complete bounded metric space, where
a: X x X — Ris a function. Let S, T : X — X be a-continuous mappings.
Assume that the pair (S,T) is triangular a-admissible. Moreover, assume that
there exist an altering distance function ¢ and k € [0,1) such that for x,y € X
with a(z,y) > 1,

P(d(Sz, Ty)) < max{ki(d(z,y)), kg (d(z, Sx)), ki (d(y, Ty))}-

If there exists xy € X such that a(Sxo,TSxzg) > 1 and o(TSxg, Sxo) > 1,
then S and T have a common fized point.
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Corollary 2.11. Let (X,d) be an a-complete bounded metric space, where
a: X xX — R is a function. Let S, T : X — X be («,)-continuous
mappings. Assume that the pair (S,T) is triangular a-admissible. Moreover,
assume that there exist an almost perfect function ¢ and a,b,c € [0,1) with
a+b+c <1 such that for x,y € X with a(x,y) > 1,

P(d(Sz, Ty)) < ay(d(z,y)) + bip(d(z, Sx)) + cp(d(y, Ty)).

If there exists xy € X such that a(Sxo, T Sxg) > B(Sxo, T'Sxo) and (T Sxg, Sxo)
> B(T'Sxp, Sxg), then S and T have a common fized point.

Proof. Note that ay(d(z,y)) + by(d(x,Sx)) + c(d(y, Ty)) < (a + b+ ¢)
max{y(d(z,y)),¢¥(d(z, Sz)), ¥(d(y,Ty))}. The proof follows from Theorem
2.4 by taking k = a + b+ ¢ and noting that S and T satisfy all the hypotheses
of Theorem 2.4. g

Corollary 2.12. Let (X,d) be an a-complete bounded metric space, where
a: X xX — Ris a function. Let S,T : X — X be («,)-continuous
mappings. Assume that the pair (S,T) is triangular a-admissible. Moreover,
assume there exist an altering distance function ¥ and a,b,c € [0,1) with
a+b+c <1 such that for x,y € X with a(x,y) > 1,

P(d(Sz, Ty)) < ay(d(z,y)) + bip(d(z, Sx)) + cp(d(y, Ty)).

If there exists xy € X such that a(Sxo, T Sxg) > B(Sxo, T'Sxo) and (T Sxg, Sxo)
> B(T'Sxp, Sxg), then S and T have a common fized point.
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