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1. Introduction and Preliminaries

The Banach contraction principle, one of the most important tools in fixed point theory states that
every contraction on a complete metric space has a unique fixed point. Several authors have extended or
generalized this result in various directions. Our interest is on the space of b-metric space introduced by
Czerwik [5] in 1993. Throughout this paper, let X be a nonempty set, R* denote the set of non-negative
real numbers and s > 1 a fixed real number.

Definition 1.1 /2] A function d : X x X — R (nonnegative real numbers) is called a b-metric provided
that, for all x,y,z € X, the following conditions are satisfied:

1. d(z,y) =0 if and only if v =y,
2. d(z,y) = d(y,z),
3. d(z,z) < s[d(z,y) + d(y, 2)].
The pair (X,d) is called a b-metric space with parameter s.

Definition 1.2 [}] Let (X,d) be a b-metric space. A sequence {x,} in X is called a Cauchy sequence
if for every e > 0, there exists K(e) € N, such that d(xy, Tm) < € for all n,m > K(e). A sequence {x,}
in X is said to converge to x € X if for every e > 0, there exists K(e) € N, such that d(x,,z) < € for
alln > K(€). In this case, we write nlgr;oxn = x. The b-metric space (X,d) is complete if every Cauchy

sequence in X converges in X.
Remark 1.1 In a b-metric space (X,d) the following assertions hold:
1. A convergent sequence has a unique limit.

2. Ewvery convergent sequence is Cauchy.
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Let (X, d) be a b-metric space with parameter s > 1. Let N(X) be the collection of nonempty subsets
of X, CL(X) be the collection of all nonempty closed subsets of X and CB(X) be the collection of all
nonempty closed and bounded subsets of X. For A, B € CB(X), define

H(A,B) =max{d(A, B),(B,A)},

where §(A, B) = sup{D(a, B);a € A}, §(B,A) = sup{D(b, A);b € B} with D(a,C) = inf{d(a,z);z €
C},C e CB(X).
The mapping H is said to be a b-Hausdorff metric induced by the b-metric d.

Let X be any nonempty set. An element x € X is said to be a fixed point of a multi-valued mapping
T:X — N(X)ifx € Tx. Let (X,d) be a b-metric space with parameter s > 1. A point z € X is said to
be a coincidence point of hybrid pair f: X — X and T: X — N(X) if fo € Tx. The set of coincidence
points of f and T is denoted by C(f,T). If f and T are both self mappings, then x € X is called a
coincidence point of f and T if fr = Txz. A point y € X is called a point of coincidence of f and T if
there exists a point x € X such that y = fo = Tx.

Let (X, d) be a b-metric space with parameter s > 1. The self mappings f: X - X and T: X — X
are compatible [7] if and only if d(T fx,,, fTx,) — 0 whenever {z,,} is a sequence in X such that T'z,, — z
and fx, — z for some z € X. The mappings f: X — X and T : X — CB(X) are compatible [7] if and
only if fTxz C CB(X) for all x € X and H(T fx,, fTx,) — 0 whenever {x,} is a sequence in X such
that Tx,, - A € CB(X) and fz, — y € A. The mappings f: X — X and T : X — CL(X) are weakly
compatible [6] if they commute at their coincidence points, i.e. if fTxz = T fo whenever fz € Tx.

We denote by ¥y the family of all strictly increasing functions v : [0, 00) — [0, 00) such that the series
S0, s"p(t) converges for any ¢ € [0,00) where " is the n'" iterate of ¢. Also, let ® be the family of
functions ¢ : [0,00) — [0,00) such that ¢(t) =0 < t = 0. It is easy to see that if ¢ € Uy, then ¥ (t) < ¢
for all ¢ > 0. Infact, if there is a to > 0 such that (o) > to, then we have 2(tg) > ¥(tg) > to (since 1 is
increasing). Continuing like this, we get ™ (tp) > to > 0, n € N. This contradicts the fact that ¢ € ¥y,

We denote by = the family of functions & : [0,00) — [0, 00) satisfying the following conditions:

1. £ is continuous.

2. £ is nondecreasing on [0, 00).

3. £(0) =0 and &(t) > 0 for all ¢t € (0, 00).

4. ¢ is subadditive and £(ct) < c£(t) where ¢ > 1.

Tt is easy to show that if (X, d) is a b-metric space and £ € =, then (X, £ o d) is a b-metric space.

Several authors have dealt with fixed point theory for single-valued and multi-valued operators in
b-metric spaces. In 2012, Samet et al. [9] presented the concepts of a-i)-contractive and a-admissible
mappings. Asl et al. [3] extended these concepts to multi-valued mappings by presenting the notions of
a,-p-contractive and a,-admissible mappings and proved some fixed point results for these mappings.
In 2014, Alizadeh et al. [1] offered the notion of cyclic («, §)-admissible mapping and proved some new
fixed point results in complete metric spaces which generalize some recent results in the literature.

Definition 1.3 [9] Let X be a non empty set. Let T : X — X and o : X x X — [0,00) be mappings.
We say that T is a-admissible if o(Tx, Ty) > 1 whenever a(z,y) > 1 for all xz,y € X.

Definition 1.4 [3] Let X be a non empty set. Let T : X — N(X) and a : X x X — [0,00) be
mappings. We say that T is a.-admissible if o, (Tx,Ty) > 1 whenever a(x,y) > 1 for all x,y € X,
where o, (Tx, Ty) = inf{a(a,b) : a € Tx,b € Ty}.

Definition 1.5 [1] Let X be a non empty set. Let T : X — X be a mapping and o, : X — [0,00) be
two functions. We say that T is a cyclic (o, B)-admissible mapping if 8(Tx) > 1 whenever a(x) > 1 for
some x € X and a(Tx) > 1 whenever B(x) > 1 for some x € X.
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Kaushik and Kumar [8] in 2016, introduced the notion of (¢, 1, £)-contractive multi-valued mappings for a
pair of mappings and proved some fixed point theorems for such mappings under certain conditons. Also,
Yamaoda and Sintunavarata [10] introduced and studied the notion of (a, 8)-(1, ¢)-contractive mappings
in the setting of b-metric space. In this paper, we introduce the notion of (., 8«)-(&, 1, ¢)- contractive
mappings and establish the existence of coincidence point for continuous and compatible hybrid pair of
mappings in b-metric spaces satisfying contractive type conditions. We will also prove the existence of
unique point of coincidence for a pair of self mappings satisfying certain conditions and the existence of
unique common fixed point for a pair of weakly compatible self mappings. The existence of coincidence
point and common fixed point for continuous and compatible pair of self mappings satisfying contractive
type conditions will also be established. Consequently, we apply our main results to establish coincidence
point theorems for cyclic mappings. Examples are also furnished to illustrate main results.

2. Main Results

In this section, we first define cyclic (., 8«)-admissible mapping, cyclic («, 8)-admissible mapping
with respect to a self mapping and cyclic (., 8+)-admissible with respect to a self mapping. We extend
these definitions further to introduce the notion of (o, 8x)-(£, %, ¢)- contractive mappings and establish
the existence of coincidence point and common fixed point for a hybrid pair of mappings as well as pair
of self mappings satisfying various sets of conditions.

Definition 2.1 Let X be a non empty set. Let T : X — N(X) be a mapping and o, 5 : X — [0,00) be
two functions. We say that T is a cyclic (a., Bx)-admissible mapping if B«(Tx) > 1 whenever a(z) > 1
for some x € X and a,(Tx) > 1 whenever B(x) > 1 for some x € X, where a.(Tx) = inf{a(a) : a € Tz}
and B (Tx) = inf{B(b) : b € Tx}.

Definition 2.2 Let X be a non empty set. Let T : X — X and f : X — X be mappings and «, B :
X — [0,00) be two functions. We say that T is a cyclic (a, 8)-admissible mapping with respect to f if
B(Tx) > 1 whenever a(fx) > 1 for some x € X and a(Tx) > 1 whenever B(fx) > 1 for some x € X.

Definition 2.3 Let X be a non empty set. Let T : X — N(X) and f : X — X be mappings and
a,B: X — [0,00) be two functions. We say that T is a cyclic (a., By)-admissible mapping with respect
to fif Bu(Tx) > 1 whenever afxr) > 1 for some v € X and o.(Tx) > 1 whenever B(fx) > 1 for some
x € X, where a,(Tz) = inf{a(a) : a € Tz} and B.(Tx) = inf{B(b) : b € Tx}.

We give below an example of a cyclic (au, B«)-admissible mapping with respect to a self mapping f.

Example 2.1 Let X =R, T : X — N(X) be defined by Tx = {—2°}.

Suppose that o, 5 : X — [0,00) are given by a(x) =e* Ve € R and f(z) =e *Vz eR . Let f: X = X
be defined by f(x) = ax Yz € X,a > 0.

Now if a(fz) = e > 1, then x > 0. This implies —Tx > 0 and hence B.(Tx) = B(Tx) = e~ 1% > 1.
Again if B(fr) = e~ > 1, then x < 0. This implies Tx > 0 and o, (Tx) = a(Tx) = T > 1. Thus T is
a cyclic (., By)-admissible mapping with respect to f.

We now define the notion of (au., B4)-(€, v, ¢)-contractive mappings in b-metric spaces.

Definition 2.4 Let (X,d) be a b-metric space with s > 1.Then the hybrid pair T : X — CB(X) and
f: X — X is called an (o, B+)-(€,9, @)~ contractive mappings if there exist functions o, 8 : X — R,
EEE, Y eV, and ¢ € D such that for all z,y € X with a(fz)B(fy) > 1, we have E(sH(Txz, Ty)) <

(E(M (2,))) — (M (w,y)) where M(z,y) = max{d(fz, fy), D(fz, Tx), D(fy, Ty), 2LoTILU.T0)

We state and prove the following lemma which will be used in the subsequent theorem.

Lemma 2.1 Let (X,d) be a b-metric space, let § € E and let A € N(X). Assume that there ezists ¢ € X
such that §(D(x, A)) > 0. Then there exists y € A such that {(d(x,y)) < r&(D(z, A)) , where r > 1.
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Proof: By hypothesis we have {(D(z, A)) > 0. Choose € = (r—1){(D(z, A). Now, since od is a b-metric
space, it follows by definition of infimum that there exists y € A such that {(d(z,y)) < {(D(z, A)) + €=

TS(D(*T7A>) O

In the following theorem, we establish the existence of coincidence point and common fixed point
for continuous and compatible hybrid pair of mappings satisfying contractive type conditions in the
framework of b-metric spaces.

Theorem 2.1 Let (X,d) be a complete b-metric space with parameter s > 1 and f : X — X and
T:X — CB(X) be a continuous and compatible hybrid pair such that Tz C f(X) for all z in X. Suppose
that the following conditions hold:

(i) T is a cyclic (o, Bs)-admissible mapping with respect to f.

(i) T and f are (a., By)-(&, %, §)-contractive mappings.

(i1i) There exist xo € X and such that a(fxo) > 1 and B(fzo) > 1.

Then f and T have a coincidence point. Further if ffa = fa for some a € C(f,T), then f and T have
a common fixed point.

Proof: Let zy € X such that a(fxg) > 1 and 5(fzg) > 1. Since Tzo C f(X), there exists 1 € X such
that fx; € Tag. Since T is cyclic (o, Bx)-admissible mapping with respect to f, we obtain S(fz1) >
B«(Txo) > 1 and a(fz1) > a.(Txo) > 1. Therefore, a(fxo)B(fx1) > 1. If fog = fay or fz1 € Ty,
then xy or x; is a coincidence point of f and T and hence we are done. So we assume fxzg # fxy or
fx1 ¢ Tzq. Now, by (ii) we have

0 < &(D(fx1,Tx1)) <E(H(Txo,Tx1)) < E(sH(Txo,T21))
< P(E(M (2o, 21))) — ¢(M (w0, 21)) (2.1)

where
D(fl‘o, Ta:l) + l)(fﬂ?l7 TJ?Q)

M (o, 21) = max{d(fxo, fz1), D(fro, Txo), D(fr1,T21), 2 }
= max{d(fao, for), D(fr, Tar), 220 L0,
d(fxo, fr1) + D(fr1,Tr1)

< max{d(fwo, fr1), D(fr1,T21),
= max{d(fxzo, fx1), D(fx1,Tz1)}.
In case, max{d(fzo, fz1), D(fz1,Tx1)} = D(fz1,Tx1), we obtain from equation 2.1 that
(

0 <&(D(fr1,Tay)) < PE(D(fr1, Tar))) — ¢(D(fr1, T1)) < P(E(D(fr1,T1)))
which is a contradiction. Thus, M (zo,z1) = d(fxo, fx1). Therefore,

0 < &(D(fr1,Txy)) < (E(d(fro, fr1))) — d(d(fzo, fr1)) < P(E(d(f0, f21)))-

Now, for r > 1, by lemma 2.1, there exists fxy € T'z1 such that

0 < &(d(fxr, fo)) <r§(D(fr1,Tx1)) < rip(§(d(fzo, f21))).

By applying 1, we get

0 < 9(&(d(fr1, fa))) < P(rip(E(d(fzo, fr1))))-

Y(rp(€(d(fzo,fz1))))
Put m = St fey - > L
Since T is cyclic (au, B+)-admissible mapping with respect to f and fze € Ty, we have a(fxy) > 1

which implies S(fz2) > Bu(Tx1) > 1 and B(fx1) > 1 which implies that a(fzs) > a.(Tx1) > 1. So,
a(fz1)B(fxa) > 1. Now if fxg € Ty, then zo is a coincidence point of f and 7. So, assume that
fxa ¢ Tao. We have

0 < &(D(fr2,Txz)) < §(H(Tx1,Tx2))

5 }

< &(sH(Txz1,Tx2))
S Y(EM (21, 22))) — (M (21, 22))
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where

D(f:L‘l, ng) + D(fLUQ, T.Z‘l)

M (21, 22) = max{d(fx1, frz), D(fr1,Tx1), D(fr2, Tx2), . )
- max{d(thfo)’D(fx%Tx?)’D(f$217;T$2)}
< max{d(fz1, fx2), D(fxe, Tx2), d(fx1, fxa) + D(f:cQ,Txg)}

2
= max{d(fx1, fxs), D(fre, Txs)}.

If max{d(fz1, fx2), D(fae, Txe)} = D(fxa, Txs), we get
0 <&(D(fx2,Tw2)) < Y(E(D(fr2, T2))) — ¢(D(fr2, T2)) < Y(E(D(fr2, T2)))

which is a contradiction. Thus M (21, x2) = d(fx1, fxs). Therefore,

0 < &(D(fx2, Txo)) < Y(§(d(f1, fr2))) — d(d(fz1, fr2)) < Y(E(d(f21, f22))).

For r; > 1, by lemma 2.1, there exists fxs € Tzo such that

0 < &(d(fxz, fr3)) < ri&(D(fre, Txa)) < rip(§(d(frr, fr2))) = Y (rp(E(d(fro,21))))-

By applying v, we obtain
0 < 9(&(d(fx2, fr3))) < P*(r(E(d(fo, f21))))-

Continuing this process, we can construct a sequence { fz,, } in X such that fz,, € Tx,, a(fz,)8(frnt1) >
1and 0 < £(d(fTna1, fTnie))) < ™ (r(E(d(fzo, fr1)))) for n € NU{0}. Now, we show that {fz,} is
a Cauchy sequence in X.

Let m,n € N, m > n > 2. We have

f(d(fxnv fxm)) < f(S[d(f:En, fxn+1) + d(fanrlv fl'm)])
< §(Sd(fzna f$n+1) + 57 [d(fxn-&-la fI7L+2) + d(fxn-&-% fmm)})

1
<

m—1
< o 2 8T frig)

<

LS i (€ o, 1))

s —
1 m=2
=== Z s' ' (rp(E(d( fxo, fr1))))-
i=n—1

Let {S,,} be the sequence of partial sums of the series > =, s*¢* (ry(&(d(fxo, f21)))).
Then

(W fn, frm)) S g St = Sualin 22 (22)

By definition of Wy, >"p2 s*¢* (rp(E(d(fxo, f21)))) is convergent.

Let lim S,, = S. Since s > 1, using eq (2.2) we obtain £(d(fzn, fTm,)) — 0 as n — oco. Using properties of
¢, we have d(fxy, fr,) — 0 as n — oco.

That is, {fx,} is a Cauchy sequence in the b-metric space (X, d). Since (X, d) is complete, there exists
z* € X such that fz,, — x* as n — co.

Further, above inequalities show that {(H (Tzpn, TZn-1)) < Y(E(fXn, fTn-1)).

This implies that {T'z,,} is a Cauchy sequence in the complete b-metric space (CB(X), H).

Let Tx, — A € CB(X). Consider

D(z*, A) < sld(z*, fxn) + D(frn, A)] < sld(z*, fx,) + H(T2xp-1,A)] — 0 as n — oo.
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Since A is closed, we have z* € A and by compatibility of f and T, we conclude that H(T fx,,, fTx,) — 0

as n — oo. Further, we have
D(fz*,Tx") < sld(fz”, ffrnt1) + D(f frnir, Tx")]

S S[d(fIL'*7 ffxn+l) + SH(fona fon) + SH(fony TZL’*)}

— 0 as n — oo (Since f and T are continuous). Since Tx* is closed, we have faz* € Ta*.

That is, x* is a coincidence point of f and T. Further compatibility implies that f and T commute at
their coincidence point, that is, fTz* =T fz*.

So, if ffz* = fa*, then y = fa* = ffa* € fTx* =T fa* =Ty, that is, fy =y € Ty. Thus, f and T
have a common fixed point. O

Corollary 2.1 Let (X,d) be a complete b-metric space with parameter s > 1 and f : X — X and
T:X — CB(X) be a continuous and compatible hybrid pair such that Tx C f(X) for all x in X. Suppose
that the following conditions hold:

(i) T is a cyclic (o, By)-admissible mapping with respect to f.

(ii) T and | satisfies a(x)3(y)&(sH (T, Ty)) < p(€(M(,1))) — 6(M(z,y)) where

M(z,y) = max{d(fz, fy), D(fz,Tz), D(fy, Ty), D(fx’Ty);D(fy’Tz)} and a,3: X - R, £ E, ¢ c Uy
and p € .

(i1i) There exist xg € X and fx1 € Txo such that a(fxo) > 1 and B(fxzo) > 1.

Then f and T have a coincidence point. Further if ffa = fa for some a € C(f,T) then f and T have a
common fized point.

Proof: Let a(z)B(y) > 1 for all z,y € X. We have

§(sH(Tx,Ty)) < ox)B(y)E(sH (T, Ty)) < Y(§(M(x,y))) — ¢(M (2, y))-

This shows that T" and f are (au, 8s)-(€, v, ¢)-contractive mappings. Thus by Theorem 2.1, we obtain
the desired result. O

Corollary 2.2 Let (X,d) be a complete b-metric space with parameter s > 1 and f : X — X and
T:X — CB(X) be a continuous and compatible hybrid pair such that Tx C f(X) for all x in X. Suppose
that the following conditions hold:

(i) T is a cyclic (o, By)-admissible mapping with respect to f.

(1)) T and f satisfies H(Tx,Ty)) < k(M (z,y) whenever a(x)B(y) > 1, where k € [0,1),

M (z,y) = max{d(fz, fy), D(fz, Tx), D(fy, Ty), 2LTOEPULLD Y 4pg o, 5 X — RT.

(iii) There exist xg € X and fx1 € Txg such that a(fzo) > 1 and B(fzo) > 1.

Then f and T have a coincidence point. Further if ffa = fa for some a € C(f,T) then f and T have a
common fized point.

Proof: In Theorem 2.1, take £(t) = ¢(¢t) =t and ¢(¢t) = (1 — k)t for all t in [0, c0). O

Corollary 2.3 Let (X,d) be a complete b-metric space with parameter s > 1 and T : X — CB(X) be a
continuous multivalued mapping. Suppose that the following conditions hold:

(i) T is a cyclic (o, Bs)-admissible mapping.

(ii) T satisfies E(sH(Tx,Ty)) < w(&(M(x,y))) — ¢(M(z,y)) whenever a(x)B(y) > 1, z,y € X , where
M(z,y) = max{d(x,y),D(a:,Ta:),D(y,Ty),W} and o, : X - R, £ € &, ¢ € Uy, and
pecd.

(i1i) There exist xog € X and x1 € Txg such that a(xg) > 1 and (o) > 1.

Then T has a fized point in X.
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Proof: Let f(z) =« for all  in X in Theorem 2.1. O

Following theorem deals with the existence of coincidence point for a hybrid pair of mappings with
different set of conditions.We relax the condition of continuity and compatibility of the hybrid pair and
assume that the range of the self mapping f is closed.

Theorem 2.2 Let (X,d) be a complete b-metric space with parameter s > 1 and f : X — X and
T:X — CB(X) be a hybrid pair such that Tx C f(X) for all x in X and f(X) is a closed subset of X.
Suppose that the following conditions hold:

(i) T is a cyclic (o, By)-admissible mapping with respect to f.

(i) T and f are (a., By)-(€, v, §)-contractive mapping.

(i1i) There exist xo € X and fxy € Txo such that a(fxo) > 1 and B(fzo) > 1.

(w) If {x,} is a sequence in X such that x, — x and B(xz,) > 1 for all n, then B(z) > 1.

Then f and T have a coincidence point.

Proof: Proceeding as in Theorem 2.1, we can define sequences { fz,, } and {Tz,} such that lim fx,, = 2*
and lim Tz, = A where A € CB(X). Since f(X) is closed, we obtain z* € f(X), that is, there exists
u € X such that 2* = fu. Suppose that D(fu,Tu) # 0. Now as y, = fx,, = 2* and S(yn) = B(fzn) > 1
Vn, by condition (iv), f(z*) = B(fu) > 1. Thus, a(fx,)B(fu) > 1 for all n in N. Consider

§(sD(fan—1,Tu)) < E(sH(Twn, Tu)) < Y(E(M (2, u))) — (M (zn, u))
< PE(M (2, u)))

where M (x,,,u) = max{d(fx,, fu), D(fzn, Tz,), D(fu, Tu), D(fw"’Tu);;D(fu’Tw")}
Taking lim sup as n — oo, we have

§(D(fu, Tu)) < P(E(D(fu, Tu))) < E(D(fu, Tu))

which is a contradiction. Therefore, D(fu,Tu) = 0. Since T'u is closed, we conclude that fu € Tw. That
is, f and T have a coincidence point. O

Corollary 2.4 Let (X,d) be a complete b-metric space with parameter s > 1 and f : X — X and
T:X — CB(X) be a hybrid pair such that Tx C f(X) for all x in X and f(X) is a closed subset of X.
Suppose that the following conditions hold:

(i) T is a cyclic (o, By)-admissible mapping with respect to f.

(i) T and [ satisfies o(x)B(y)§(sH (Tx, Ty)) < P (§(M(x,y))) — ¢(M(x,y)) where

M(z,y) = max{d(fz, fy), D(fz,Tz), D(fy, Ty), D(fx’Ty);SD(fy’Tw)} and a,3: X - R, £E€E, ¢ eV,
and g € P .

(i1i) There exist xg € X and fx1 € Txo such that a(fxo) > 1 and B(fxzo) > 1.

(iv) If {xn} is a sequence in X such that x, — x and f(xy,) > 1 for all n, then S(x) > 1.

Then f and T have a coincidence point.

Proof: Let a(x)B(y) > 1 for all z,y € X. Then

§(sH (T, Ty)) < @) B(y)§(sH (T, Ty)) < P(E(M(x,y))) — ¢(M(z,y)).

This shows that T and f are (au, 8«)-(£, %, ¢)- contractive mappings. Thus, by Theorem 2.2, we obtain
the desired result. O

Corollary 2.5 Let (X,d) be a complete b-metric space with parameter s > 1 and f : X — X and
T:X — CB(X) be a hybrid pair such that Tx C f(X) for all x in X and f(X) is a closed subset of X.
Suppose that the following conditions hold:

(i) T is a cyclic (o, By)-admissible mapping with respect to f.

(i) T and f satisfies H(Txz,Ty)) < k(M (z,y) whenever a(x)B(y) > 1, where k € [0,1),
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M(,y) = max{d(fz, fy), D(fz,Tx), D(fy, Ty), 2LETUEPULTD} gnd o, 8: X — RY.
(i1i) There exist xg € X and fx1 € Txo such that a(fxo) > 1 and B(fxzo) > 1.

() If {x,} is a sequence in X such that x, — x and B(xy,) > 1 for all n, then B(z) > 1.
Then f and T have a coincidence point.

Proof: Take £(t) = ¢(t) =t and ¢(t) = (1 — k)t for all ¢ > 0 in Theorem 2.2. O

Corollary 2.6 Let (X,d) be a complete b-metric space with parameter s > 1 and T : X — CB(X) be a
multivalued mapping. Suppose that the following conditions hold:

(i) T is a cyclic (o, Bx)-admissible mapping.

(i1) T satisfies §(sH(Tx, Ty)) < Y(E(M(x,y))) — ¢(M(z,y)) whenever a(z)B(y) > 1, where M(z,y) =
max{d(z,y), D(xz,Tz), D(y, Ty), W} and a,3: X - R, €=, v €V, and ¢ € D.

(iii) There exist vo € X and 1 € Txg such that a(xg) > 1 and (o) > 1.

() If {x,} is a sequence in X such that x,, — x and B(xy,) > 1 for all n, then B(x) > 1.

Then T has a fized point in X.

Proof: Take f(z) =z for all z in X in Theorem 2.2. O

In the following theorem, we prove the existence of unique point of coincidence for a pair of self
mappings satisfying certain conditions. We also prove the existence of unique common fixed point for a
pair of weakly compatible self mappings.

Theorem 2.3 Let (X,d) be a complete b-metric space with parameter s > 1 and f : X — X and
T : X — X be mappings such that T(X) C f(X) and f(X) is a closed subset of X. Suppose that the
following conditions hold:

(i) T is a cyclic (o, B)-admissible mapping with respect to f.

(ii) T and f satisfies (s3d(Tx, Ty)) < »(M(x,y)) — ¢(M(x,y)) whenever o fz)B(fy) > 1,where
M(x,y) = max{d(fx,fy),d(fx,Tx),d(fy,Ty),W}, a,f: X — [0,00) are functions and
¥, ¢ :[0,00) = [0,00) are altering distance functions.

(i1i) There exist xog € X such that a(fzo) > 1 or B(fxo) > 1.

(iv) If {xn} is a sequence in X such that x, — = and S(x2,) > 1 or B(zan+1) > 1 for alln € NU {0},
then B(z) > 1.

(v) a(fu) > 1 and B(fu) > 1 whenever fu = Tu.

Then f and T have a unique point of coincidence in X. Moreover, if f and T are weakly compatible ,
then f and T have a unique commmon fized point.

Proof: Case I: Let g € X be such that a(fzg) > 1. Define a sequence {x,} in X as y, = fo, = Txn_1
for all » > 1(This is possible as T(X) C f(X)). If yn = ynt1, that is, fo, = Tep_1 = fept1 = Ty,
then z,, is a coincidence point of f and T'. Suppose that y,, # yn+1 for all n € N. Now, since T is a cyclic
(a, B)-admissible mapping with respect to f, we conclude that «(fxzg) > 1 implies 5(Txo) = B(fz1) > 1
and B(fx1) > 1 implies a(Tz1) = a(fze) > 1.

Continuing like this, we get a(fxor) > 1 and S(fxary1) > 1 for all k € NU {0}.

Since a(fxo)B(fx1) > 1, we obtain

D(s*d(far, fo2)) = Y(s*d(Two, Tr)) < (M (0, 21)) — ¢(M (0, 71))-
Also, since a(fz2)B(fz1) > 1, we have

(s*d(fz, fr3)) = Y(s°d(Tw1, Twz)) = Y(s°d(Txg, Te1)) < (M (w2, 21)) — $(M (22, 21))
= Z/J(~7\/—[(95’17~”62)) - ¢(M(CL’17$2))~

Proceeding in the same manner, we obtain

U($2A(frnt1, fons2)) = Y(8*d(T2n, Trni1)) < O(M (20, Tnt1)) — (M (2p, Tns1))
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where

M(!L‘n, (En+1) = max{d(fx'ru fxn+1)a d(f-r'ru Txn), d(fanrla Txn+1)7
d(fﬂ?n, Txn+1) + d(fxn-i-h Txn) }

2s
d(fzr,, Tz,
= max{d(fTn, f¥nt1), d(fTni1, [Tni2), %

S[d(fxm fxn+1) + d(fanrl? fxn+2)]
2s

S max{d(fxn, f‘rn+1)a d(f$n+1, fxn-‘rQ)a
= maX{d(fxna f‘rn—b—l)a d(fxn—i-l, fxn-‘rZ)}-
If M(-'L'nv :En+1) = d(fanrh f‘rn+2)a then

w(sgd(fxn_,_l, frni2)) S PA(frntr, frnge)) — ¢(d(frnit, frnte)) < P(A(fTni1, fTnie)),

which is a contradiction. Therefore, M (x,,, Tpt1) = d(fZn, fXn+1). Thus, we have

1/1(d(f33n+1, fxn+2)) < ¢(s3d(fxn+1, fxn+2)) = ¢(53d(Txna Tanrl))
< Y(d(frn, frni1)) — o(d(frn, frni1)) <P(A(frn, fTni1)) (2.3)
Since 1 is non-decreasing, we get that {d(fz,, fr,+1)} i a non-increasing sequence of non-negative

terms. Therefore, limd(fx,, fr,4+1) exists (say a) where a > 0. Let n — oo in (2.3) and using continuity
of ¢ and ¢ we have ¥(a) < ¥(a) — ¢(a). Therefore, ¢p(a) = 0. That is, a = 0. Thus,

}

lmd(fzy, frns1) =0. (2.4)

Now, we show that {fz,} is a Cauchy sequence in (X, d).
On the contrary, let us assume that {fx,} is not Cauchy. Then there exists € > 0 and sequence {n}
and {my} such that for all &k > 0,

ng >mg > k,ng is odd, my is even, d(fxn,,fTm,)>€ (2.5)

and
d(fmnk—lv fxmk) <e€ (26)

where ny is the smallest such number. Now,

€< d(fxmmfxm) < S[d(fxmk7fx7lk*1) + d(fxnk*]-’ fxnk)}

< sle +d(fra, 1, fo,) =0
Taking limsup as k — oo in (2.7) and using (2.4), we get
e <limsupd(fem,, fTn,) < se (2.8)
Again,
A(fxmy, fon,) < sld(femy, fonen) + d(fon 11, fon,)]
and
d(fxmy, fong1) < sld(fomy, fon,) +d(fon,, fon, 11)]
Taking lim sup as k — oo, we obtain that € < slimsup d(fzm, , f2n,+1) and
limsup d(f2m, , fon, +1) < s%e. That is,
g < limsupd(fom,, fTn,11) < %€ (2.9)
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Similarly, we can show that
<limsupd(fn,, fEm11) < s7€ (2.10)

®» | ™

Again, using triangle’s inequality,

d(fxm;C ) fx’ﬂkJrl) S S[d(fxmka fxkarl) + d(fxkarly fxnkJrl)]o

Taking lim sup as k — oo, we get 5 < limsup d(fZm,+1, [Tn,41)-
Similarly, we obtain limsup d(f@m, 11, fTn,+1) < s°€.
Combining, we have

€ .
52 =limsup A(fTmpt1, [Tng1) < %€ (2.11)
Now, a(zm, )B(xn, ) > 1. Therefore from (ii), we get

w<53d(fxmk+1a fw’ﬂkJrl)) = w(83d<Txmk7Txnk)> < ’(/}(M(mmmxnk)) - ¢(M($mk’mnk)) (2'12)

where

]\4(37'#1;c ) xnk) = max{d(fxmk ) fmnk)7 d(fmmk ; T:I;mk)7 d(fxnk ) Txnk)7
Ad(fxm,, Txn,) +d(fEn,, Tom,)
2s }
= max{d(fxmk ) fwnk)7 d(fxmk s fxmk-i-l)a d(fl'nk , fxnk-&-l);

Taking lim sup as k — oo in (2.13) and using (2.9)-(2.11), we get

1.

max{e, e/s;—e/s s%e + s%¢
s

} <limsup M(zp,, , n, ) < max{se, 55

That is, € < lUmsup M (z,, , Tn, ) < se. Also, we can show that e < liminf M (2, , 2, ) < se.
Taking lim sup as k — oo in (2.12), it follows that

b(se) = (s°. ) < (s hmsup d(f g1, fn 1))
< ¢Y(limsup M (zp,, T, )) — ¢(Uminf M (zy,, ,zn,)) < ¥(se) — ¢(€).

That is, ¢(e) = 0. Thus, € = 0, which is a contradiction.

Hence {fz,} is a Cauchy sequence in X. Since X is complete, there exists * € X such that lim fz, = z*.
Also, since f(X) is a closed subset of X, there exists ' € X such that 2* = f(2’). Now as yap41 =
fxony1 — o* and B(yant1) = B(frant1) > 1 for all n, by (iv), we conclude that S(z*) = B(fz') > 1.
Thus, a(fxa,)B(fx") > 1 for all n. Therefore by (ii), we get

V(83d(Txon, Tx')) < V(M (22,,2")) — ¢(M (22, 2")) (2.14)

where

d(f‘TQW/? TI/) + d(fl‘/, T‘TQn)

M(@n,a') = max{d(fezn, fa'), d(f2n, Twan), d(fa', Ta'), o

I3
Taking lim sup as n — oo, we have

limsup M (xa,,2") < max{0,0,d(fz', Tx"),d(f2', Tx")/2} = d(fz',Tx").
Thus, taking lim sup as n — oo in (2.14), we get

Y(s?d(f2', Ta')) < ¢(d(fz',Ta').
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This is possible if d(fa', Ta’) = 0. That is, fo’ = T2’ = z*. Thus, z* is a point of coincidence and z’ is
a coincidence point of f and T.

Next, we show uniqueness of point of coincidence. Let y = fu = Tu and ¢y = fv = Twv.
Then, by (v), a(fu)B(fv) > 1. Therefore,

U(s*d(Tu, Tv) < (M (u,v)) — (M (u,v))

where
M (u,v) = max{d(fu, fv),d(fu, Tw),d(fo, Tv), LeTOEMLTY — g fu, fo),
Therefore,

Y(s*d(fu, fo) <(d(fu, fo)) = e(d(fu, f)) < w(d(fu, fv)).

This is possible if d(fu, fv) = 0. That is, fu = fv, i.e., y = ¢y'. Thus, f and T have unique point of
coincidence. Moreover, if f and T are weakly compatible, then fz* = fT2 = Tfx' = Tz*. Now,
uniqueness of point of coincidence implies that Tz* = fz* = fa’ = 2*. Hence, z* is a unique common
fixed point of f and T.

Case II: Suppose there exists g € X such that B(xo) > 1. Proceeding in a similar way as above, we
obtain the desired result. O

Corollary 2.7 Let (X,d) be a complete b-metric space with parameter s > 1 and f : X — X and
T : X — X be mappings such that T(X) C f(X) and f(X) is a closed subset of X. Suppose that the
following conditions hold:

(i) T is a cyclic (o, B)-admissible mapping with respect to f.

(ii) T and f satisfies o(x)B(y)¢(s*d(Tx, Ty)) < (M (z,y)) — ¢(M(x,y)) where

M(z,y) = max{d(fz, fy),d(fx,Tx),d(fy,Ty), W}, a,f: X — [0,00) are functions and
¥, ¢ :]0,00) = [0,00) are altering distance functions.

(i1i) There exist xg € X such that a(fzo) > 1 or B(fxo) > 1.

(i) If {xn} is a sequence in X such that x, — = and S(x2,) > 1 or B(zan+1) > 1 for alln € NU {0},
then B(z) > 1.

(v) a(fu) > 1 and B(fu) > 1 whenever fu = Tu.

Then f and T have a unique point of coincidence in X. Moreover, if f and T are weakly compatible ,
then f and T have a unique commmon fixed point.

Proof: Let a(x)B(y) > 1 for all z,y € X,. Then

U(s*d(Tw, Ty)) < a(2)By)e(s°d(Tz, Ty)) < (M(z,y)) — ¢(M(z,y)).

This shows that T' and f satisfies condition (ii) of Theorem 2.3. Thus, by Theorem 2.3, we have the
required result. O

Corollary 2.8 Let (X,d) be a complete b-metric space with parameter s > 1 and T : X — X be a
mapping. Suppose that the following conditions hold:

(i) T is a cyclic (o, B)-admissible mapping.

(ii) T satisfies (s3d(Tx, Ty)) < (M (z,y)) — ¢(M(z,y)) whenever a(x)B(y) > 1, where M(x,y) =
max{d(x,y),d(z,Tx),d(y,Ty),%W}, a,B: X = [0,00) are functions and ¥,¢ : [0,00) —
[0,00) are altering distance functions.

(iii) There exist vog € X such that a(zg) > 1 or f(zg) > 1.

() If {x,} is a sequence in X such that x, — © and B(x2,) > 1 or B(zan+1) > 1 for alln € NU {0},
then B(x) > 1.

(v) a(u) > 1 and B(u) > 1 whenever Tu = u.

Then T has a unique fixed point in X.

Proof: Take f(z) =z for all z in X in Theorem 2.3. O
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Corollary 2.9 Let (X,d) be a complete b-metric space with parameter s > 1 and f : X — X and
T:X — X be mappings such that T(X) C f(X) and f(X) is a closed subset of X. Suppose that the
following conditions hold:

(i) T is a cyclic (o, B)-admissible mapping with respect to f.

(ii) T and f satisfies s>d(Tx,Ty) < kM (x,y) whenever o(fz)B(fy) > 1, where a, 8 : X — [0,00) are
functions, M (z,y) = max{d(fx, fy),d(fz,Tx),d(fy, Ty), W} and k € 10,1).

(i1i) There exist xg € X such that a(fxo) > 1 or B(fxo) > 1.

() If {x,} is a sequence in X such that x, — = and f(x2,) > 1 or B(zan+1) > 1 for alln € NU {0},
then B(xz) > 1.

(v) a(fu) > 1 and B(fu) > 1 whenever fu = Tu.

Then f and T have a unique point of coincidence in X. Moreover, if f and T are weakly compatible ,
then f and T have a unique commmon fixed point.

Proof: Take ¥(t) =t and ¢(t) = (1 — k)t for all ¢ > 0 in Theorem 2.3. O

Corollary 2.10 Let (X,d) be a complete b-metric space with parameter s > 1 and T : X — X be a
mapping. Suppose that the following conditions hold:

(i) T is a cyclic («, B)-admissible mapping.

(ii) T satisfies s3d(Txz, Ty) < kM (z,y) whenever a(x)B(y) > 1, where o, 3 : X — [0,00) are functions,
M(z,y) = max{d(z,y),d(z,Tx),d(y, Ty), W} and k € ]0,1).

(1ii) There exist xg € X such that a(ze) > 1 or B(xo) > 1.

() If {x,} is a sequence in X such that x, — x and f(x2,) > 1 or B(zan+1) > 1 for all n € NU {0},
then B(z) > 1.

(v) a(u) > 1 and B(u) > 1 whenever Tu = u.

Then T has a unique fized point in X.

Proof: Take f(z) =z for all z in X, ¢(t) =t and ¢(¢) = (1 — k)t for all ¢ > 0 in Theorem 2.3. O

In the following theorem, we establish the existence of coincidence point and common fixed point for
continuous and compatible pair of self mappings satisfying contractive type conditions in b-metric spaces.

Theorem 2.4 Let (X,d) be a complete b-metric space with parameter s > 1 and f : X — X and
T:X — X be continuous and compatible mappings such that T(X) C f(X). Suppose that the following
conditions hold:

(i) T is a cyclic (o, B)-admissible mapping with respect to f.

(ii) T and f satisfies ¥(s>d(Tx,Ty)) < (M(z,y)) — ¢(M(x,y)) whenever a(fx)B(fy) > 1, where
M(z,y) = max{d(fz, fy),d(fx,Tx),d(fy,Ty), W}, a,f: X — [0,00) are functions and
¥, ¢ :]0,00) = [0,00) are altering distance functions.

(i1i) There exist xg € X such that a(fzo) > 1 or B(fxo) > 1.

Then f and T have a coincidence point. Further if ffa = fa for some a € C(f,T), then f and T have
a common fixed point.

Proof: Proceeding as in Theorem 2.3, we can define a sequence {x,} such that lim fz,, = * = lim Tz,
Now since f and T are compatible, we have d(fTx,,Tfz,) — 0 as n — oo. Also, since f and T are
continuous, we get lim d(T fx,,, Tx*) = 0 = im d(fTx,, fx*). Consider

d(fz*,Tz") < sld(fz”, fTxy) + d(fTzn, T2")]
< sld(fz™, fTzyn) + sd(fTxn, T fay) + sd(T fa,, Ta™))
— 0 asn — oo.
This implies d(fa*,Tz*) = 0. That is, fz* = Tz*. Thus, «* is a coincidence point of f and T'. Further
compatibility implies that f and T commute at their coincidence point, i.e. , fTx* = T fz*. So, if
ffa* = fa*, then y = fo* = ffa* = fTa* =T fa* =Ty. That is, fy =y =Ty. Thus, f and T have a
common fixed point. O



CycLIic ADMISSIBLE CONTRACTIONS 13

Corollary 2.11 Let (X,d) be a complete b-metric space with constant s > 1 and f : X — X and
T:X — X be continuous and compatible mappings such that T(X) C f(X). Suppose that the following
conditions hold:

(i) T is a cyclic (o, B)-admissible mapping with respect to f.

(ii) T and f satisfies o fz)B(fy)v(s3d(Tz, Ty)) < Pp(M(x,y)) — ¢(M(z,y)) where

M(z,y) = max{d(fz, fy),d(fz,Tx),d(fy,Ty), W}, a,B: X — [0,00) are functions and
¥, ¢ :]0,00) = [0,00) are altering distance functions.

(iii) There exist xg € X such that a(fxg) > 1 or B(fxg) > 1.

Then f and T have a coincidence point. Further if ffa = fa for some a € C(f,T) then f and T have a
common fized point.

Proof: Let a(z)B(y) > 1 for all z,y € X. Then

U(s’d(T2, Ty)) < a(2)B(y)Y(s°d(Tz, Ty)) < »(M(z,y)) — 6(M(z,y)).

This shows that T and f satisfies condition (ii) of Theorem 2.4. Thus by Theorem 2.4, we obtain the
required result. O

Corollary 2.12 Let (X,d) be a complete b-metric space with parameter s > 1 and f : X — X and
T:X — X be continuous and compatible mappings such that T(X) C f(X). Suppose that the following
conditions hold:

(i) T is a cyclic (o, B)-admissible mapping with respect to f.

(ii) T and f satisfies s>d(Tx,Ty) < kM (z,y) whenever o fz)B(fy) > 1, where

M(z,y) = max{d(fz, fy),d(fx,Tz),d(fy,Ty), W}, a,f: X — [0,00) are functions and
kel0,1).

(i1i) There exist xog € X such that a(fzo) > 1 or B(fxo) > 1.

Then f and T have a coincidence point. Further if ffa = fa for some a € C(f,T) then f and T have a
common fized point.

Proof: Take ¢(t) =t and ¢(¢) = (1 — k)t for all ¢ > 0 in Theorem 2.4. O

Corollary 2.13 ([10],Theorem 3.2) Let (X,d) be a complete b-metric space with parameter s > 1 and
T: X — X be a continuous mapping. Suppose that the following conditions hold:

(i) T is a cyclic (o, B)-admissible mapping.

(ii) T satisfies ¥ (s>d(Tx,Ty)) < (M (x,y)) — ¢(M(z,y)) whenever a(x)B(y) > 1, where

M(z,y) = max{d(x,y),d(z,Ta:),d(y,Ty),%j(ym}, a,f: X — [0,00) are functions and ¥, ¢ :
[0,00) — [0,00) are altering distance functions.

(iii) There exist xg € X such that a(zo) > 1 or B(xo) > 1.

Then T has a fized point.

Proof: Let f(x) = z for all z in X in Theorem 2.4. 0

Corollary 2.14 ([10],Corollary 3.4) Let (X,d) be a complete b-metric space with parameter s > 1 and
T : X — X be continuous mapping. Suppose that the following conditions hold:

(i) T is a cyclic («, B)-admissible mapping.

(ii) T satisfies s3d(Tx, Ty) < kM (z,y) whenever a(x)B(y) > 1, where a, B : X — 0,00) are functions,
M (z,y) = max{d(z, fy), d(z, Tx),d(y, Ty), LoTVLUTEY 4nq | € [0,1).

(iii) There exist xog € X such that a(xg) > 1 or f(zo) > 1.

Then T has a fized point.

Proof: Take f(z) =z for all z in X, ¢(t) =t and ¢(¢) = (1 — k)t for all ¢ > 0 in Theorem 2.4. O

We now give examples to illustrate the results.
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Example 2.2 Let X = [0,00) and d : X x X — [0,00) be given by d(z,y) = (v — y)? for all z,y € X.
Then (X,d) is a complete b-metric space with s = 2.

Define f: X — X as f(x) =a? Ve e X and T : X — CB(X) as Tx = [0, % z” 2V > 0.

Clearly f(X) is closed and Tz C f(X) Vz € X. Let a, 8 : X — [0,00) be given by a(x) = B(x) = €°
Vo € X. It is clear that T is cyclic (o, By)-admissible mapping with respect to f.

Now for xg =1 and f(x1) = f(1) = 15 € Txo such that o(fxg) > 1 and B(fxe) > 1.

Let§(t) =t, (t) = 7, o(t) = g, t > 0.

Now, let z,y € X such that o(fx)B(fy) > 1. Then

(22 — y?)?
E(sH(Tz,Ty)) = 2T

= P(E(M(z,y))) — o(M(z,y)).

Thus all the conditions of Theorem 2.2 are satisfied. Therefore f and T have a coincidence point. Here
0 ¢s a coincidence point.

= d(fz, fy) < SM () = {M(wy) — M(2,0)

Example 2.3 Let X =R be endowed with the metric d(z,y)) = (z — y)? for all z,y € X. Then (X,d)
is a complete b-metric space with s = 2. Let 1, ¢ : [0,00) — [0,00) given by ¥ (t) =t for allt > 0 and
o(t) = %—gt for all t > 0 be altering distance functions.
Now, define mappings T : X — X and f: X — X as

Tw— = ,x € [0,1]

5= ,r€R~0,1]
= 5 € [-1,0]

5 mERN[—l,O}

Then, clearly T(X) C f(X). and f(X) is a closed subset of X.
Also, let o, B.: X — [0,00) be defined by

e,z € (—o0, %)
a(x) =43¢ " ,T€ [_%’0]
0 € (0,00)

0 ,x €ER~[— 25,0}
Letx € X such that o fx) > 1 so that fo € [—1,0] and hence x € [—1,0]. This implies that Tz € [— 5z, 0]
and thus B(Tx) = e~ T > 1.
Similarly we can show that if B(fxz) > 1, then a(Tx) > 1. Thus, T is a cyclic («, 8)-admissible mapping
with respect to f. Also, if xg = f%, then a(fxg) > 1 and B(fzg) > 1.
Further, if {x,} is a sequence in X such that B(z,) > 1 for all n € N and acn — x as n — o0.
Then, by the definition of 8, we have x,, € [7257 0] for alln € N and so x € [ 55, 0],that is, B(x) > 1
Now, let z,y € X such that a(fz)3(fy) = 1. Then fx € [-1,0] ,fy € [- 21,, 0] and so x € [-1,0],
y € [-1.01. Thus, we get v(s*d(Te,Ty)) = 8(Ta — Ty = dla — y)? = &(fo — fy)* < £M(x,y)
= M(z,y)— LM (z,y) = p(M(z,y)) — ¢(M(z,y)). This shows that condition (iii) of theorem is satisfied.
Now, fu = Tu for uw = 0. This implies, a(fu) > 1 and B(fu) > 1, that is, condition (v) is satisfied.
Also, f and T are weakly compatible. Thus, all the conditions of theorem are satisfied and and hence f
and T have a unique common fized point. Here 0 is the common fized point of f and T.

Blx) = {ex IE[ a5

3. Application to cyclic mappings
In this section, we apply our main results to prove fixed point theorems for cyclic mapping .

Definition 3.1 Let A and B be nonempty subsets of a set X and let f: AUB — AU B be a mapping .
A mapping T : AUB — AU B is called cyclic with respect to f if T(A) C f(B) and T(B) C f(A).

Theorem 3.1 Let A and B be closed subsets of complete b-metric space (X, d) such that AN B # ¢ and
f,T: AUB — AU B be mappings such that T(A) C f(B) and T(B) C f(A). Assume that f is one to
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one and f(AU B) is a closed subset of X such that ¥(s3d(Tx, Ty)) < (M (z,y)) — ¢(M(z,y)) for all
x € A and y € B where

M(z,y) = max{d(fz, fy),d(fz,Tx),d(fy, Ty), W}, a,B: X — [0,00) are functions and
¥, ¢ :[0,00) = [0,00) are altering distance functions. Then there exists ' € AN B such that fo' = Ta'.
Further, if f and T are weakly compatible, then f and T have a unique common fized point in AN B.

Proof: Define o, 8 : X — [0,00) by
{1 ifz € fA
a(r) =

0 ,otherwise

1 ,ifre fB

ple) 0 ,otherwise

Let a(fx)B(fy) > 1. Then fx € fA and fy € fB. Since f is one to one, we have z € A and y € B.
Thus, we have ¥(s2d(Tx, Ty)) < (M (x,y)) — ¢(M(z,y)). Now, let a(fxr) > 1 for some x € X, so
fx € fA and thus € A. Therefore, Tx € fB and so B(Tz) > 1. Again, let S(fz) > 1 for some
x € X. Then fx € fB and thus « € B. Therefore, Tz € fA and so a(Tx) > 1. Therefore, T is a
cyclic (a, 8)-admissible mapping with respect to f. Since AN B is non-empty, there exists zo € AN B.
This implies that fxg € fA and fxzo € fB and therefore o fzg) > 1 and S(fxzo) > 1. Further, let {z,}
be a sequence in X such that §(z,) > 1 for all n € N and z,, -  as n — oco. Then z,, € fB for all
n € N and thus « € fB. Therefore we get that S(z) > 1. Thus all the conditions of Theorem 2.3 hold.
So there exist z*,2’ € AU B such that z* = fa’ = T2'. Also, there exist 1 € A ,xo € B such that
fr1 = fwo = x* . Since f is one-one, this implies that 1 = x5 = 2’ . Therefore, z* = fz’ = Tz’ for
'€ ANB. If f and T are weakly compatible, then proceeding as in the proof of Theorem 2.3, we have
z* = fx* = Tx*, where z* is the unique common fixed point of f and T'. O

Theorem 3.2 Let A and B be closed subsets of complete b-metric space (X, d) such that AN B # ¢ and
f,T:AUB — AU B be continuous and compatible mappings such that T(A) C f(B) and T(B) C f(A).
Assume that f is one to one and f and T satisfy ¢(s3d(Tx, Ty)) < (M (x,y))— (M (x,y)) for allx € A
and y € B where

M(z,y) = max{d(fz, fy),d(fz,Tz),d(fy,Ty), W}, a,f: X = [0,00) are functions and
¥, ¢ :[0,00) = [0,00) are altering distance functions. Then there exists ©’' € AN B such that fo' = Ta'.
Further if ffa = fa for some a € C(f,T), then f and T have a common fized point in AN B.

Proof: Define o, 8 : X — [0,00) by
{1 ifz e fA
a(r) =

0 ,otherwise

1 ,ifre fB

fla) 0 ,otherwise

Let a(fz)B(fy) > 1. Then fx € fA and fy € fB. Since f is one to one, we have z € A and y € B.
Thus, we have ¥(s2d(Tx, Ty)) < (M (z,y)) — ¢(M(x,y)).

Now, let a(fxz) > 1 for some z € X, so fo € fA and thus x € A. Therefore, Tz € fB and so f(Tz) > 1.
Again, let f(fz) > 1 for some x € X. Then fz € fB and thus # € B. Therefore, Tz € fA and so
a(Tx) > 1. Hence, T is a cyclic («, 8)-admissible mapping with respect to f. Since AN B is non-empty,
there exists xg € AN B. This implies that fzg € fA and fzo € fB and therefore a(fxg) > 1 and
B(fxo) > 1. Thus all the conditions of Theorem 2.4 hold. So there exist z*,2’ € A U B such that
x* = fo' = Ta'. Also, there exist x1 € A, 2 € B such that fx; = fxs = 2* . Since f is one-one, this
implies that x1 = 2o = 2’ . Therefore, z* = fz’ = T2’ for 2’ € AN B.

Now, if ffz’ = fa’, then proceeding as in the proof of Theorem 2.4, we have ' = fz’ = T2/, i.e, 2’ is a
common fixed point of f and T O



16

10.

N. MALHOTRA, B. BANSAL, S. VASHISTHA

References

. S. Alizadeh, F. Moradlou, P. Salimi, Some fized point results for (o, 8)-(, ¢)-contractive mappings, Filomat 28 , no.

3, 635-647,(2014).

H. Aydi, M.F. Bota, E. Karapmar, S. Mitrovi¢, A fixed point theorem for set-valued quasi-contractions in b-metric
spaces, Fixed Point Theory Appl. 2012, :88, 8 pp, (2012).

. J. H. Asl, S. Rezapour, N. Shahzad, On fized points of a-1-contractive multifunctions, Fixed Point Theory Appl. 2012,

212, 6 pp, (2012).

M.Boriceanu, Fized point theory for multivalued generalized contraction on a set with two b-metrics, Stud. Univ.
Babes-Bolyai Math. 54 | no. 3, 3—14, (2009).

S.Czerwik, Contraction mappings in b-metric spaces, Acta Math. Inform. Univ. Ostraviensis 1 , 5-11, (1993),.

G. Jungck, B.E. Rhoades, Fized points for set valued functions without continuity. Indian J. Pure Appl. Math. 29 | no.
3, 227-238, (1998).

H. Kaneko, S. Sessa, Fized point theorems for compatible multi-valued and single-valued mappings, Internat. J. Math.
Math. Sci. 12 | no. 2, 257-262, (1989).

P.Kaushik, S.Kumar, Fized point results for (a,,£)-contractive compatible multi-valued mappings, Journal of Nonlin-
ear Analysis and Application,2 , 28-36,(2016).

B.Samet, C. Vetro, P.Vetro, Fized point theorems for a-i-contractive type mappings, Nonlinear Anal. 75 , no. 4,
2154-2165,(2012).

O.Yamaoda, W.Sintunavarata, Fized point theorems for (a,)-(v, p)-contractive mappings in b-metric spaces with
some numerical results and applications, J. Nonlinear Sci. Appl. 9 , no. 1, 22-33,(2016).

Nidhi Malhotra,

Department of Mathematics,

Hindu College, University of Delhi,
Delhi-110007,

India

E-mail address: nidmal25@gmail.com

and

Bindu Bansal,

Department of Mathematics,
Hindu College, University of Delhi,
Delhi-110007,

India

E-mail address: bindubansaldu@gmail.com

and

Sachin Vashistha,

Department of Mathematics,

Hindu College, University of Delhi,
Delhi-110007,

India

E-mail address: sachin.vashisthal@gmail.com



	Introduction and Preliminaries
	Main Results
	Application to cyclic mappings

