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1. Introduction

For a mapping f: X — X, X # 0, a point u € X is called a fixed point if f (u) = u. The set of
all fixed points of f is denoted with F (f).
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Frechet introduced the concept of metric space in 1905, but the most basic fixed point theorem
in analysis, known as the Banach Contraction Principle, was first stated and proved by Banach
for the contraction maps in the setting of complete normed linear spaces. This remarkable
theorem Banach established in his Ph.D. thesis (1920, published in 1922). Banach Contraction
Principle is one of the most important results of analysis and considered as the main source of
metric fixed point theory.

Theorem 1.1. [5] Let (X,d) be a complete metric space and let a mapping f : X — X be a
contraction, i.e. there exists a fixed constant q € [0,1) such that d (f (x), f(y)) < qd(x,y), for
all x,y € X. Then f has a unique fixed point.

There is vast amount of extensions of this important theorem. On the one side, the usual
contractive condition is replaced by a weakly contractive condition (see for instance [11], [13],
[22]), while, on the other side, the action space is replaced by some generalization of standard
metric space ([4], [6], [10], [20]).

In recent years, various distances are introduced, and relations between these distances are

established. Some significant generalizations are the following.

metric space — b-metric space
! 3
rectangular metric space —  rectangular b-metric space
+

b, (s)-metric space

In [20], the notion of b, (s)-metric space was introduced and some fixed point theorems for
single-valued mappings in b, (s)-metric spaces were proved.

This concept of b-metric spaces was independently introduced by Baktin (1989) and S. Cz-
erwik (1993) replacing the triangle inequality with the next, more general, condition.

There is a nonnegative number s > 1 such that d (x,z) < s(d (x,y) +d(y,z)) holds for all
x,y,z€X.

The concept of a b-metric space is more general than that of a metric space, because each
metric space is a b-metric space, but the contrary is not true ([1]-[4], [6]-[9], [10], [12], [13],
[15]-[20], [23]-[26]).
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It is worth noting that there is a significant difference between b-metric spaces and standard
metric spaces. If s > 1, the triangle inequality is not satisfied. Also, b-metric is not continu-
ous in general. Furthermore, the open (closed) balls generated by b-metric are not necessarily
open (closed) sets. For further information, we refer the interested readers to the reference list
(especially [13]).
There is vast amount of literature dealing with b-metric spaces with the coefficient s > 1.
Some obtained results generalize those from metric space. However, there are some results
where the cases s > 1 and s = 1 should be considered separately. Because of this, one recent

work will be the main topic of this paper.
2. Preliminaries

We repeat some definitions and results, which will be needed in the sequel.
Definition 2.1. ([4],[6]) Let X be a (non-empty) set and s > 1 a given real number. A function
d:X x X — [0,00) is said to be a b-metric on X if the following conditions are satisfied:

(b1) d(x,y) =

(b2) d(x,y) =
(b3) d(x,z) <s(d(x,y)+d(y,z)) forall x,y,z € X.

0 if and only if x = y;
d (y,x) for all x,y € X;

The triplet (X,d,s) is called a b-metric space with the coefficient s.

For more notions such as b-convergence, b-completeness, b-Cauchy sequence in the frame-
work of b-metric spaces, the reader is referred to [1]-[3], [7], [9], [10], [12], [15]-[20], [23]-[26].

The following result is well known and important in the setting of b-metric spaces.
Theorem 2.1. [6] Let (X,d,s) be a b-complete b-metric space and T : X — X a mapping
satisfying d (Tx,Ty) < @ (d (x,y)), x,y € X, where ¢ : [0,00) — [0, ) is an increasing function
such that limy,_. @" (t) = 0 for each fixed t > 0. Then T has exactly one fixed point 7 and
lim,,yeed (T"x,z) = 0 for each x € X.

Very recently, R. Miculescu and A. Mihail [19, Lemma 2.2] proved the next result.
Lemma 2.1. [19] Let (X,d,s) be a b-metric space and {x,} a sequence in X. If there exists

Y €[0,1) such that d (x,y1,%,) < Yd (xn,X,—1) for all n € N, then {x,} is a b-Cauchy sequence.
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Remark 2.1. In the several papers based on b-metric concept, the authors assume that y € [0, %)
instead of y € [0, 1), which is obviously stronger condition. Under this stronger condition they
show that the corresponding Picard sequence, {x, = TX,_1},cn With the initial point xo € X,

is a b-Cauchy. To prove this they use the following inequality:
d (xmuxn) <sd (xmaxm—l—l) +32d (xm—Haxm—i—Z) +ee sl (xn—Zaxn—l) +Sn_m_1d (xn—l ;xn) )

where n,m € N and n > m.

The next lemma play an important role in many papers in the context of h-metric spaces. In
[2], this lemma is also an essential tool for proving that the defined sequence {x,} is a b-Cauchy
sequence.

Lemma 2.2. [1] Let (X,d) be a b-metric space with s > 1, and suppose that {x,} and {y,} are

b-convergent with the limits x and y, respectively. Then we have

1
—d (x,y) < 1irr_1>infd (X, yn) < limsup d (x,,y,) < s%d (x,y).
s n—oo

n—oo

In particular, if x =y, then we have lim, e d (X,,y,) = 0. Moreover, for each z € X, we have

%d(x,z) < h,{gii,lfd(xmz) < lizrgsgp d (xn,2) <sd(x,z).
Definition 2.2. Let T : X — X be a mapping and o : X x X — [0,00) a function. The mapping
T is said to be triangular a.-admissible if the following conditions are satisfied:

(T) T is o-admissible;

(Tr) a(x,u)>1and a(u,y) > 1imply o (x,y) > 1.

Definition 2.3. Let T : X — X be a mapping and & : X x X — [0,0) a function. The mapiing T
is said to be a-orbital admissible if

(T3) o (x,Tx) > 1 implies ot (Tx,T%x) > 1.

Definition 2.4. Let T : X — X be a mapping and o : X X X — [0,00) a function. The mapping
T is said to be triangular a-orbital admissible if T is a-orbital admissible an

(Th) o (x,y) > 1 and ot (y,Ty) > 1 imply & (x,Ty) > 1.
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Let (X,d) be a b-metric space. We will denote by CB(X) the family of all bounded and closed
subsets of X. For x € X and A,B € CB(X), we define

D(x,A)=infd(x,a) and D(A,B)=supD(a,B).
acA acA

The mapping H : CB(X) x CB(X) — [0,o0) defined by

H(A,B) = max{supD(x,B) ,supD(y,A)}7 A,BeCB(X),
X€EA yEB

is called a Hausdorff-Pompeiu b-metric induced by the b-metric space (X,d).

For the convenience of the reader, we now repeat some well known results in the context of
b-metric spaces, thus making our exposition self-contained (see [2] and references therein).
Lemma 2.3. Let (X,d) be a b-metric space. The following properties are satisfied.

1) D(x,B) <d(x,b) forallx € X, b € Band B € CB(X).
2) D(x,B) <H(A,B) forall x € X and A,B € CB (X).
3) D(x,A) <s(d(x,y)+D(y,B)) forall x,y € X and A,B € CB(X).

The next result is well known in the standard metric spaces [21], but for the case of b-metric,
we provide the proof.

Lemma 2.4. Let A and B be nonempty, closed, bounded subsets of a b-metric space (X ,d,s)

and g < 1. Then, for a € A, there exists b € B such that
gd(a,b) <H(A,B). (2.1)

Proof. If H (A,B) =0, then a € B and so (2.1) holds for b = a.
Suppose that H (A,B) > 0. By the definitions of D (a,B) and H (A, B), for any € > 0 there
exists b € B such that d (a,b) < D(a,B)+¢€ < H(A,B)+¢€. For € = (é — 1>H(A,B) > 0,

which we may assume, we obtain (2.1). This completes the proof.

Let us note that the proof does not depend on s.
Definition 2.5. [2] Let T : X — CB(X) be a multi-valued mapping and o, : X X X — [0,0) a
given function. Then T is said to be a..-admissible if & (x,y) > 1 implies o, (Tx,Ty) > 1, where
o, (A,B) =inf{a(x,y) | x €A,y € B}.

With Q will be denoted the class of all functions f3 : [0,e0) — [0, 1) such that for any bounded

sequence {#,} of positive real numbers, f3 (t,) — 1 implies ¢, — 0.
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Theorem 2.2. [8] Let (X,d) be a metric space and T a self mapping of X. Suppose that there
exists B € Q such that for all x,y € X, holds d (Tx,Ty) < B (d (x,y))d (x,y). Then T has a
unique fixed point x* € X and {T"x} converges to x* for each x € X.

Definition 2.6. [2] Let (X,d) be a b-metric space and ¢ : X x X — [0,00) a function. Then X is
said to be o.-complete if every b-Cauchy sequence {x,} in X with & (x,,x,+1) > 1 foralln € N
converges in X .

Definition 2.7. [2] Let (X,d) be a metric space, T : X — X a mapping and o, 1 : X x X — [0,0)
two functions. We say that T is a.-n-continuous mapping on (X,d) if for given x € X and a
sequence {x,} in X with the properties o (x,,x,+1) > 1 for all n € N and x, — x as n — oo, we
have Tx,, — Tx as n — .

If 1 (xp,x41) = 1, then T is called an a—continuous mapping.

We follow the notation used in [2] [14] and denote by W the class of the functions y : [0,00) —
[0,00) satisfying the conditions: ¥ is nondecreasing, continuous and Y (¢) = 0 if and only if
t=0.

To facilitate access to our main results, we repeat some definitions and results from [2].
Definition 2.8. [2] Let S, T : X — CB (X)) be two multi-valued mappings and ¢ : X x X — [0, )
a function. The pair (S,T) is said to be triangular .-admissible if the following conditions
hold:

1) (S,T) is a-admissible, that is, o (x,y) > 1 implies o (Sx,Ty) > 1 and o, (Tx,Sy) > 1,
where o, (A,B) = inf{a (x,y) | x €A,y € B},

2) o (x,u) > 1 and a(u,y) > 1 imply a (x,y) > 1.

Definition 2.9. [2] Let S, T : X — CB(X) be two multi-valued mappings and o : X x X — [0, o)
a function. The pair (S,T) is said to be o-orbital admissible if the conditions o (x,Sx) > 1
and a, (x,Tx) > 1 imply a, (Sx, sz) > 1 and a, (Tx,Szx) > 1.

Definition 2.10. [2] Let S,T : X — CB(X) be two multi-valued mappings and o : X x X —
[0,00) a function. The pair (S,T) is said to be triangular o.-orbital admissible, if the following
conditions are satisfied:

(i) (S,T) is a.-orbital admissible,

(i) o (x,y) > 1, (v,Sy) > 1 and a, (y,Ty) > 1 imply o (x,Sy) > 1 and o, (x,Ty) > 1.
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Lemma 2.5. [2] Let S,T : X — CB(X) be two multi-valued mappings such that the pair (S,T)
is triangular ou.-orbital admissible. Assume that there exists xo € X such that o (xg,Sxg) > 1.
Define the sequence {x,} in X by xp,11 € Sxp,, and xpp 12 € Txoy11, where n € NU{0}. Then
forn,m € NU{0} with m > n, we have o (x,,xp) > 1.
Definition 2.11. [2] Ler (X,d) be a b-metric space, S : X — CB(X) a multi-valued mapping
and o : X x X — [0,%0) a function. We say that S is an o.-continuous multi-valued mapping on
(CB(X),H) if whenever {x,} is a sequence in X with & (xn,Xx,+1) > 1 for alln € NU{0} and
x € X such that lim,,_,ed (x,,x) = 0, then lim,_,e H (Sx,, Sx) = 0.

The next definition from [2] gives a completely new notion in the setting of b-metric spaces.
Definition 2.12. [2] Let (X,d) be a b-metric space, o, : X x X — [0,00) a function and S, T :
X — CB(X) two multi-valued mappings. The pair (S,T) is called a generalized a..-y-Geraghty
contraction type multi-valued mapping if there exist B € Q and y € ¥ such that for x,y € X,

with o (x,y) > 1, the pair (S,T) satisfies the following inequality:

Y (SH (Sx,Ty)) < B (W (M (x,)- v (M (x,y)),

where

M(x,y) = maX{d(w) ,D(x,5x),D(y, Ty), D(x, Ty>2+SD<y,Sx) } '

In [2], the authors also proved the following results, Theorem 2.1 and 2.2. In Theorem 2.2, the
continuity of the mappings S and T (property (v)) is replaced by the suitable new condition
(property (v2)).

Theorem 2.3. [2] Let (X,d) be a b-metric space and @ : X x X — [0,00) a function. Suppose
that S,T : X — CB(X) are two multi-valued mappings satisfying the following conditions.

(i) (X,d) is an a-complete b-metric space;

(ii) (S,T) is a generalized ou.-y-Geraghty contraction type multi-valued mapping;

(iii) (S,T) is triangular o..-orbital admissible;

(iv) There exists xo € X such that o (xo,Sxp) > 1;

(v) (vi) SandT are o-continuous multi-valued mappings;

or

(v2) If {xn} is a sequence in X such that o (xn,xp+1) > 1 foralln € NU{0} and x,, — x* € X
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as n — oo, then there exists a subsequence {xn(k)} of {xu} such that « (xn(k),x*) > 1 for all
ke Nu{0}.

Then S and T have a common fixed point.
3. Main results

In this section we give a genuine generalization of the results obtained in [2]. We provide the
much shorter proofs than ones in the recent paper of E. Ammer et al. Essential to our proofs are
the properties of the functions 8 and y as well as Lemma 2.1. Also, we shall use the definitions
of the distances D (a,B), D (b,A), H (A,B) . From our proofs, we conclude that the functions 3
and v in the results obtained in [2] are superfluous. Also, it is sufficient to assume that € > 1
instead of € = 3.

Our first result is a generalization of [2, Theorem 2.1.].

Theorem 3.1. Let (X,d,s > 1) be a b-metric space, o.: X X X — [0,00) a function and € > 1.
Let S,T : X — CB(X) be two multi-valued mappings such that for x,y € X, with o (x,y) > 1,
the pair (S,T) satisfies the inequality

H (S5 Ty) < M (x,)), (3.1)

where M (x,y) = max {d (x,y),D(x,8x),D(y,Ty), W}.
Suppose that the following conditions are satisfied.

(i) (X,d) is an a.-complete b-metric space.

(ii

(iii

(S,T) is triangular ou.-orbital admissible.

)
)
) There exists xo € X such that o, (xo,Sxg) > 1.

(iv) Sand T are o-continuous multi-valued mappings.
Then S and T have a common fixed point.

Proof. From (iii), there exists x| € Sxp such that o (xo,x;) > 1 and x| # xo. By the inequality

(3.1) and Lemma 2.3, we have

1
0<D(x;,Tx;) < H (Sxp,Tx1) < ;M(XO,X1)~ (3.2)
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Using Lemma 2.4 for g = % < 1, there exists xp € Tx; such that
1 1
—d(x1,x2) < H(Sx0,Tx1) < —M(x0,x1), (33)
s s

where

D (xo,T D (x1,S
M(xo’xl):maX{d(x07xl)7D(X07SX0),D(x1’Txl)’ (x0,Tx1) +D (x1, xo)}

2s

2s

D(xO,Txl)
2s '

D T
max{d(xo,xl) ,D(xl,Txl),M}

max {d(xo,xl) ,D(x1,Tx1),

According to Lemma 2.3, we have

D (xo,Tx) < s(d(xp,x1)+D(x1,Tx1))  d(x0,x1)+D(x1,Tx1)

2s - 2s 2
< max {d (xo,x1),D (x1,Tx1)},
and, thus, it follows that M (xo,x;) = max {d (xq,x;),D (x1,Tx1)}.
If M (xo,x1) = D (x1,Tx;), then from (3.2), we obtain 0 < D(x;,Tx;) < S%D(xl ,Tx1), a con-
tradiction. Hence, we conclude that max{d(xo,x1),D(x,Tx;)} = d(x0,x1). According to (3.3),
we have d(x1,x;) < Sg%ld(xo,xl).

Similarly, for x, € Tx;, Lemma 2.4 gives x3 € Sx,, such that
1 1
_d<x27x3) SH(TXDSXZ) < _SM(xlwa)a (34)
s s

where

M (x1,x) =max {d (x1,x2),D (x1,Tx1),D(x2,5x2), %

D (x1,8x2)
2s

D (x1,8x%) + D (x2,Tx1) }

—=max {d (x1,x2),D (x2,8x2),

=max {d (x1,x2),D (x2,8%2)},

since

D(x1,8x2) < s(d(x1,x2) + D(x2,5x2) _ d(x1,x2) 4+ D(x2,8x2)

2s 2s 2
< max{d(x1,x2),D(x2,5:2)}.

By the inequality (3.1) and Lemma 2.3, we have

1
0 < D(xp,8x7) <H(Tx1,8%) < S—SM(XI,XQ). (3.5)
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If M(x1,x2) = D(x2,Sx2), then from (3.5) we obtain 0 < D(x,Sx;) < S%D(xz,sz), which is
impossible. This clearly forces max {d (x1,x2),D (x2,5x2)} = d (x1,x;) and by (3.4) we obtain
1

se—1

d(xZ,X3) < d(Xl,Xz).

We continue in this manner. In general, x3,11 € X is chosen such that x,+1 € Sxp, and x2,,42 €
Txpp41 foralln € NU{0}.

Since @ (xp,Sxp) > 1 and (S, T) is triangular a,-orbital admissible, by Lemma 2.5, we have
o (xp,X%y41) > 1 for all n € NU{0}.

For all k € NU {0}, we have

1
0 < D(xop41, Toxop1) < H(Sx0p, Txop11) < S_eM(x2k7x2k+l)a (3.6)
and
1 1
;d(x2k+27x2k+l) < H (Sxok, Tx2p41) < s_EM (2K, X2k+1) 5 (3.7)
where

M (X4, X2k+1) = max {d (X2ks X2k+1) » D (X240, Sx2k) s D (2411, TX2441)

D (xok, Txpk11) + D (X141, X2k ) }
2s '

According to Lemma 2.3, we have

D (xo, Txp 1) + D (xok41,8%0%) D (X0, Txp1) +0 D (30, Txp1-1)

2s 2s - 2s

< s (d (xok, X2k+1) + D (24 1, Tx2i41)) A (Xky X4 1) + D (Koiey 1, T4 41)

- 2s 2

< max {d (X, %2k+1) , D (X241, Tx2k11) } -
From what has already been proved and the inequality D(xox, Sxox) < d(x2k, %2+ 1), it follows

that M (xok, Xok41) = max {d (xox, X2x41) » D (¥2r41, T X2k 1) }-

If max {d (ka,ka_H) ,D (x2k+1 s Txopi1 )} =D (x2k+1 , Tx2k+1) , then from (36), we obtain

1
0 < D(xop41, Txop41) < S—SD(xzk+1,TX2k+1),

which contradicts the fact € > 1. Hence, M (xp,Xox+1) = d (x2k,X2x+1) . Further, by (3.7),

we get d (xppi0,X0%41) < Ss%,d (x2k41,%21). It follows that for all n € NU {0} the inequality
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d (Xpi1,Xn42) < sg%ld (Xn,Xn+1) holds. Lemma 2.1 now shows that the sequence {x,} is a b-
Cauchy sequence.

Since (X,d) is an a-complete b-metric space and o (x,,x,4+1) > 1 for all n € NU {0},
there exists x* € X such that lim,_.d (x,,x*) = 0 implies that limy_,c.d (xp;+1,x*) = 0 and
limy_,oo d (X2512,x*) = 0. The a-continuity of T implies limy_,.. H (Txp4 1, Tx*) = 0. Thus,

D (x*,Tx*) < s(d(x*,xop+1) + D (x2p41, Tx™))
<s(d(x",xop1) +H (Txos1,Tx"))
—s-(040) =0,
and so, x* € Tx*. Similarly, we obtain x* € Sx*. Hence, S and T have a common fixed point
x*eX.
This completes the proof.
Remark 3.1. It is clear that for 1 < € <3 and s > 1 we have
W (sH (Sx,Ty)) < w(s°H (Sx,Ty)) < y (s’ H (Sx, Ty))
< By (M (x,3)) v (M(x,y)),

where

D (x,Ty)+ D (y,Sx) }
2s ’

and consequently the condition (2.1) from [2] implies the condition (3.1). We can conclude that

M (x,y) = max {d (x,y),D(x,8x),D(y,Ty),

Theorem 3.1 extends the main result, Theorem 2.1, from [2]. It is worth notice that our proof is
much shorter and also all redundant properties are avoided.

In the next result we show that the a-continuity of the mappings S and 7 can be replaced
with a new suitable condition.
Theorem 3.2. Let (X,d,s > 1) be a b-metric space, o.: X X X — [0,00) a function and € > 1.
Let S,T : X — CB(X) be two multi-valued mappings such that for x,y € X, with o (x,y) > 1,
the pair (S,T) satisfies the inequality

H(S6Ty) < oM (x), (3.8)

where M (x,y) = max {d (x,y),D(x,8x),D(y,Ty), D(x.,Ty);;D(y,Sx) } .

Suppose, further, that S,T : X — CB(X) satisfy the following conditions:
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(i
(ii

(iii

) (X,d) is an a-complete b-metric space,

) (S,T) is triangular a..-orbital admissible,

) there exists xo € X such that a, (xp,Sxp) > 1,

(iv) if {x,} is a sequence in X such that o (x,,x,+1) > 1 foralln € NU{0} and x,, — x* € X
as n — oo, then there exists a subsequence {xn(k)} of {xu} such that o (xn(k) ,x*) > 1 for

all ke NU{0}.

Then S and T have a common fixed point x* € X .

Proof. In the same way as in the proof of Theorem 3.1, we construct the sequence {x,} in
X defined by x2,41 € Sx24, X242 € Tx2n41, n € NU{0}, with the properties o (xp,x,+1) > 1
for all n € NU{0} and {x, } converges to x* € X. By condition (iv), there exists a subsequence

{xn(k)} of {x,} such that o (xn(k),x*) > 1 for all k € NU{0}. According to Lemma 2.3, we

have
1 * * *
ED (", Tx") <d (x ,x2n(k)+1) +D (xzn(k)+1,Tx)
<d (X" xon(k)+1) +H (Sx200), TX") (3.9)
1
<d (x*=x2n(k)+1) + s_fM (x2n(k)7X*) ;
where

M (x2n(k)7X*) = max {d <x2n(k)7X*) ,D (x2n(k)75x2n(k)) D (X*a TX*) )

D (in(k),Tx*) +D (.X*,SX2n(k)) }
2s ’

(3.10)

Since %D (x2n(k),Tx*) <d (x2n(k),x*) + D (x*,Tx") and D (x*,SxZn(k)) <d (x*,xZn(k)) , We can

conclude that
D (xp,(0), TX*) + D (x*,8x,, D (x*,Tx*
k—so0 2s 2s

Letting kK — o in (3.10), we obtain limy_,.c M (xZn(k),x*) =D (x*,Tx").

If we assume that x* is not the fixed point of 7', i.e. D (x*,Tx*) > 0, we obtain a contradiction.
Indeed, letting k — oo in (3.9), we get %D (x*, Tx*) < S%D (x*,Tx*), which contradicts the fact
that € > 1. Therefore, x* € Tx*, i.e., x* is the fixed point of 7. Similarly, we can show that
x* € Sx*. Consequently, x* € X is the common fixed point of S and 7.

This completes the proof.
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Remark 3.2. It is easy to notice that the previous result is a proper generalization of Theorem

2.2 from [2]. Namely, we do not use the Geraghty condition to prove the existence of the fixed
point.

Assuming that S = T and M (x,y) = d (x,y) in Theorem 3.1 and Theorem 3.2, we obtain the

new results which are genuine generalizations of those in [2].
4. Improvement results and remarks on a resent paper

Now, we give some remarks on the results obtained in [2].

1) In Corollary 2.1 and Corollary 2.2, it is not necessary to assume the completeness of X,

since the condition (i) is then redundant.

2) Considering the result of Theorem 2.3, we can conclude that a very similar approach
would be more illuminating. This result can be generalized with little effort to the cases € €
(1,3] without functions y and . Also, it is clear that a new result can be established if we
replace (v) with the o-continuity of multi-valued mappings S and 7. Extending the theorem
in those ways would have a much greater impact. In the both cases, the multivalued mappings
S and T satisfy the contractive condition of the form d (Sx,Ty) < SisM (x,y), where s > 1 and
M (x,y) = max {d(x,y) ,D(x,8x),D(y,Ty), L%SD(%SX)} .

3) The authors provide an example on page 14. They say that ([O, %),d) is a complete b-

_ 1
2 n+1°

),d) but the limit % does not

metric space. This statement is not correct. Indeed, considering the sequence x, =

1

n € N, we have x, — % as n — oo in the b-metric space ([0, 5

belong to [0, %) However, it is easy to check that for certain values of € > 1 and s > 1 and
some Y and f3, the inequality d (Sx,Ty) < S%M (x,y) is satisfied but the following condition
v (s3d (Sx,Ty)) < B (y (M (x,y))) M (x,y) does not hold.
We think that a different approach would be more useful. The authors should consider Tx =
{5%x}, ifx€[0,3)
{1}, ifx € [3,1]

4) It is easy to verify that Section 3 is a direct consequence of the previous section. Indeed,

and Sx = {0} and use Theorem 2.1.

X can be identify with a proper subset of CB(X) considering {x} instead of x. Then Definition

3.1 becomes a special case of Definition 2.5. Also, Theorem 3.1 and 3.2 can be obtained by
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Theorem 2.1 and 2.2. The same case is with Corollary 3.1. The only conclusion in Section 3

different from Section 2 is the uniqueness of fixed point of S and T'.

5) In Section 4, the results are used to establish the existence of a solution for a pair of

ordinary differential equations. We will show that it is not essential to use the b-metric

(x,3) = sup (x(1) =y(1))*
t€(a,b]

in the space of continuous functions Ca,b] for solving ordinary differential or integral equa-
tions since we can use the standard metric
(x,y) = sup |x(t) =y (7)|.
t€[a,b]
As a mater of fact, if we denote with d a b-metric and with D a metric on C[a, b], then we have
= \/d (x,y). Since (C|a,b],d) is a b-metric space with the coefficient s = 2, then the
condition ¥ (s°d (Sx,Ty)) < B (y (M (x,y))) - M (x,y) implies

d(S5.Ty) < gM (x,), (@)

where

max{ (x,8x),d (y, Ty),d(x, Ty)—l—d(Sx,y)}

4

T S
_ {|x P e ey — o2, BT IS y'}.

4
x — Ty +|Sx — y|? Py

Since 1 5 ax{|x—Ty|2,]Sx—y|2},from (4.1), we have

1 T Sx — 2
!Sx—Ty|2§gmaX{lx—ylz,lx—Sx\ ey, B 2y| | XZY| }

By taking square roots, we obtain

! —Ty| |Sx—
D(Sx,Ty)S—max{|x—y|,|x—Sx|,|y_Ty|7|X y| [Sx y\}

2V2 V2 T V2
— L D) D5t DD Dis)
=5 5m {D( ,¥),D(x,8x),D (y,Ty), V2 2 }

Now, we derive the following assertion.

Let (X,D) be a complete metric space and S,T : X — X mappings such that the condition

D (x,Ty) D(Sx,y)}
V2 V2

1
D (Sx,Ty) < —=max < D (x,y),D (x,5x),D(y,Ty),
(s1.1) < 5 L max { D(63).D (659, D)
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is satisfied. Then S and T have a unique fixed point.
As a consequence, we can conclude that Theorem 4.1 is an application of the standard metric
D on the space C|a,b].
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