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1. Introduction and preliminaries

Fixed point theory became one of the most interesting area of research in the last fifty years. Many authors studied
contractive type mappings on a complete metric space X which are generalizations of the following well-known Banach
contraction principles: Let (X,d) be a complete metric space and let F : X — X be a mapping. If there exists A € [0, 1) such
that

d(Fx,Fy) < Ad(x,y) (1.1)

for all x, y € X, then F has a unique fixed point in X. Kannan [8] introduced the contractive condition: there exists A €
(0,1/2) such that

d(Fx, Fy) < A[d(x, FX) +d(y, Fy)] (1.2)

for all x, y € X, and proved a fixed point theorem using (1.2) instead of (1.1). The conditions (1.1) and (1.2) are independent,
as it was shown by two examples in [9]. In 1971, Reich [14] generalized Banach and Kannan fixed point theorems using the
contractive condition: for all x, y € X,

d(Fx, Fy) <ad(x,y) + Bd(x, Fx) + yd(y, Fy),

where «, B,y are nonnegative reals with o + g + ¥ < 1. Again in 1971, Ciri¢ [4] generalized such theorems using the
contractive condition: for each x, y € X,

d(Fx, Fy) <a(x, y)d(x, y) + B, y)d(x, FX) +y (x, )d(y, Fy) +8(x, y)[d(x, Fy) +d(y, FX)], (13)

where «, 8, ¥, § are functions from X2 into [0, 1) such that

r=sup{ax, y) +BXx ) +yx ¥)+25(x, y): x,y e X} < 1. (1.4)
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Mappings which satisfying (1.3) and (1.4) Ciri¢ [4] called generalized contractions. As observed in Ciri¢ [3], a self-mapping
F on a metric space (X,d) is generalized contraction if and only if F satisfies the following condition:

d(Fx, Fy) <am(x, y),
where

1
m(x, y) = maX{d(x, ¥),d(x, Fx),d(y, Fy), E[d(x, Fy) +d(y, FX)]},

A €(0,1) and x, y € X. Other generalization of the contractive condition (1.1) is nonlinear type [2], that is, for all x, y € X,

d(Fx, Fy) < ¢(d(x, y)).

where ¢ : RT — RT (R™ is nonnegative reals) is upper semicontinuous function from the right (i.e. o — o implies
limsup,,_, oo ¢ (o) < ¢ () such that ¢ (t) <t for each t > 0. Again Matkowski [10] used different type nonlinear contractive
condition such that: for all x, y € X,

d(Fx, Fy) < ¢(d(x, y)).

where ¢ : Rt — R* is nondecreasing and satisfies lim,_, ¢"(t) =0 for all t > 0. After than in [1] and some other papers,
the following condition, which is known as generalized nonlinear contractive condition, was used: for all x, y € X,

d(Fx, Fy) < ¢(m(x, y)).

where ¢ : Rt — R is continuous, nondecreasing function such that ¢ (t) <t for each t > 0.
The aim of this paper is to prove some generalized versions of the result of Matthews using different type condition in
partial metric spaces. First, we recall some definitions of partial metric space and some properties of theirs [11-13,15,16].
A partial metric on a nonempty set X is a function p: X x X — R™ such that for all x, y,z € X:

(P1) x=y & px,x) =pKX,¥)=p1, ),
(p2) p(x, %) < p(x,¥),
(p3) p(x,y)=p(y,X),
(p4) p(x,¥) <pX,2)+p(z,y) — p(z, 2).

A partial metric space is a pair (X, p) such that X is a nonempty set and p is a partial metric on X. It is clear that, if
p(x,y) =0, then from (p1) and (p2) x=y. But if x=1y, p(x, y) may not be 0. A basic example of a partial metric space is
the pair (RT, p), where p(x, y) = max{x, y} for all x, y € RT. Other examples of partial metric spaces which are interesting
from a computational point of view may be found in [5,11].

There are some generalizations of partial metrics. For example, O’Neill [13] generalized it a bit further by admitting
negative distances. The partial metric of O’Neill sense is called dualistic partial metric. Also, Heckmann [7] generalized it
by omitting small self-distance axiom p(x, x) < p(x, y). The partial metric of Heckmann sense is called weak partial metric.
The inequality 2p(x, y) > p(x,x) + p(y, y) is satisfied for all x, y in a weak partial metric space.

Each partial metric p on X generates a Tg topology 7, on X which has as a base the family open p-balls {B,(x, €): x€ X,
& >0}, where By(x,8) ={y € X: p(x,y) < p(x,x)+¢} forall xe X and ¢ > 0.

If p is a partial metric on X, then the function p®: X x X — R™ given by

PP(x,¥)=2px,y) — p(x,x) — p(¥y,y)

is a metric on X.

Let (X, p) be a partial metric space. Then:

A sequence {x,} in a partial metric space (X, p) converges to a point x € X if and only if p(x, x) = lim;_ o p(x, Xp).

A sequence {x,} in a partial metric space (X,p) is called a Cauchy sequence if there exists (and is finite)
limp m— 00 P(Xn, Xm).

A partial metric space (X, p) is said to be complete if every Cauchy sequence {x,} in X converges, with respect to tp, to
a point x € X such that p(x, x) = limp m— o0 P(Xn, Xm)-

It is easy to see that, every closed subset of a complete partial metric space is complete.

Lemma 1. ([11,12]) Let (X, p) be a partial metric space.
(a) {xn}is a Cauchy sequence in (X, p) if and only if it is a Cauchy sequence in the metric space (X, p®).
(b) A partial metric space (X, p) is complete if and only if the metric space (X, p°) is complete. Furthermore, limy_, oo p5(Xn, X) = 0 if

and only if

p(x,x) = lim p(x;,x) = lm_ p(xp, Xm).
n—o0 n,m—oo
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Lemma 2. Let (X, p) be a partial metric space, A C X and xo € X. Define p(xg, A) = inf{p(xo,x): x€ A}. Thenaec A < p(a, A) =
p(a,a).

Proof.
acA & By@e)NA#¢Y foralle>0

& pa,x) <e+p(a,a) foralle >0andsomexec A
& pa,x) —p(a,a) <e foralle >0and somex e A
& inf{p(a,x) —p@@,a): xe A} =0
& inf{p(a,x): xe A} — pa,a)=0
& inf{p(a,x): xe A} =p(a.a)
& p(a,A)=p(a,a). a

After the definition of the concept of partial metric space, Matthews [11] obtained a Banach type fixed point theorem
on complete partial metric spaces. In Section 2, we give some generalized versions of the fixed point theorem of Matthews.
In Section 3, a homotopy result is presented.

2. Main result

We begin the generalized nonlinear contractive type fixed point theorem.

Theorem 1. Let (X, p) be a complete partial metric space and let F : X — X be a map such that

1
p(Fx, Fy) < ¢<ma><{p(x, ¥). p(x, FX), p(y, Fy), E[p(x, Fy)+p(y. FX)]}) (21)

forall x,y € X, where ¢ : [0, 00) — [0, 0c0) is continuous, nondecreasing function such that ¢ (t) <t for each t > 0. Then F has a
unique fixed point.

Proof. From the conditions on ¢, it is clear that lim,_ o, ¢"(t) =0 for t > 0. Let xo € X be an arbitrary point. Define a
sequence {xp} in X by x = Fx;,—1 forn=1,2,.... Now if X3, = Xp,41 for some no =0,1,2,..., then it is clear that x, is
a fixed point of F. Now assume X, # X,+1 for all n. Then we have from (2.1)

P(Xn+1, Xn) = p(FXxn, FXp—1)

1
< ¢><maX{p(xn, Xn—1), P(Xn, FXn), p(Xn—1, FXn_1), E[p(xn, FXn—1) + P(Xn—1, FXn)]})

1
< ¢<maX{P(Xann71)v p(Xn, Xn+1), i[P(anl,Xn) +P(Xn,xn+1)]}>
=9

(max{p(n, Xn—1). P(n. Xn41)}) (2.2)

since

P(Xn, Xn) + P(Xn—1, Xn1-1) < P(Xn—1, Xn) + P(Xn, Xn41)

and ¢ is nondecreasing. Now if

max{pXn, Xo—1), P(Xn, Xn+1)} = P(Xn, Xnt1)

for some n, then from (2.2) we have

PXnt1. Xn) < A(P(Xn, Xn41)) < PKn1, Xn)

which is a contradiction since p(x;, Xp+1) > 0. Thus

max{pXn, Xo—1), P(Xn, Xn+1)} = P(Xn, Xn—1)

for all n. Then from (2.2) we have

PXnt1, %n) < ¢(P(Xn, Xn—1))
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and hence

P(Xnt1, %) < " (P(X1.X0)). (2.3)

On the other hand, since

maX{P(Xn, Xn), p(Xnt1, Xn+l)} < P(Xn, Xnt1),

then from (2.3) we have

max{pXn, Xn), P(ns1, Xn+1)} < 0" (P (X1, %0)). (24)

Therefore

Ps(xna Xnt1) = 2p(Xn, Xn1) — P(Xn, Xn) — P(Xn41, Xnt+1)
< 2p(Xn, Xn+1) + P(Xn, Xn) + P(Xn+1, Xn+1)
< 49" (p(x1.%0)).

This shows that limy_, » p*(xn, Xp+1) = 0. Now we have

ps (Xnrks Xn) < PS(Xan Xnk—1) + -+ PS (Xn+1, Xn)
< 49" (p(x1, %0)) + - -+ + 46" (p(x1., %0)).

This shows that {x,} is a Cauchy sequence in the metric space (X, p®). Since (X, p) is complete then from Lemma 1 (X, p°) is
complete and so the sequence {x,} is converges in the metric space (X, p®), say limp_, oc p*(xn, X) = 0. Again from Lemma 1,
we have

p(x,x) = lim p(x,,x) = lim p(xn, Xm). (2.5)
n—oo n,m—oo

Moreover since {x,} is a Cauchy sequence in the metric space (X, p*), we have limy m— o0 P*(Xn, Xm) = 0 and from (2.4)
we have limy_ o p(Xn, Xn) = 0, thus from the definition p® we have limp ;- 00 P(Xn, Xm) = 0. Therefore from (2.5) we have
p(x, x) =limp_ o0 p(Xn, X) = limy m— 00 P(Xn, Xm) = 0. Now we show that p(x, Fx) = 0. Assume this is not true, then from (2.1)
we obtain

(%, Fxp) + p(Fxn, FX) — p(Fxp, Fxp)
(%, Xn+1) + p(Fxp, FX)

p(x, Fx) <
<

b=~

1
< P(X, Xnp1) + ¢<max p(x, xn), p(X, FX), p(Xn, Xn41), E[p(x, Xnt1) + p(Xn, FX)] })

1
<P, Xnp1) + ¢<max P& Xn), p(X, FX), p(Xn, Xn11), 5[p(x, Xng1) + P(Xn. %) + p(X, FX) — p(x. X)] })

1
=p(X, Xn41) + ¢(max P(X.Xn), P(X, FX), p(Xn, Xn41), 5[p(x, Xnt1) 4+ P(%n, %) + p(x, FX)] })
using the continuity of ¢ and letting n — oo, we have

P(x, Fx) < ¢(p(x, Fx)),

which is a contradiction. Thus p(x, Fx) = 0 and so x = Fx. Now let z is another fixed point of F, that is x # z then from (2.1),
since p(x,x) =0, we have

p(x,z) =p(Fx, F2z)

< q)(max[p(x, 2), p(x, Fx), p(z, F2), %[p(x, Fz) + p(z, Fx)]})

1
= d)(maX{p(x, 2), p(x.X), p(z. 2), 5[p(x, 2)+p(z, X)]D

= ¢(max{p(x, 2), p(z.2)})
=o(p(x,2)),

which is a contradiction. Thus x=2z. O
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Example 1. Let X = [0,00) and p(x, y) = max{x, ¥}, then it is clear that (X, p) is a complete partial metric space. Let
T:X— X, Fx= % for all xe X and ¢ : [0, c0) — [0, 00), ¢ (t) _ Then for all X,y € X with x > y we have

=10
X2 2
p(Fx, Fy):max{]+x, l+y}
%2
1 +x
=¢(p(x.y))

1
< ¢<maX{p(x, V), P, FX), p(y. Fy). 5 [p(x. Fy) + p(y. FX)] })

This shows that all conditions of Theorem 1 are satisfied and so F has a fixed point in X. But we cannot apply the result
of Matthews (see Corollary 2 below) to this example, because there is no « € [0, 1) such that p(Fx, Fy) < ap(x,y) for all
X, yeX.

If we take ¢ (t) = At for A € [0, 1) in Theorem 1, we have the following corollary.

Corollary 1. Let (X, p) be a complete partial metric space and let F : X — X be a map such that

1
p(Fx, Fy) < kmaX{p(x, ), p(, Fx), p(y, Fy), 5[p(x, Fy)+p(y, FX)]}
forallx, y € X, where A € [0, 1). Then F has a unique fixed point.
Now we state Hardy and Rogers type [6] fixed point theorem.

Theorem 2. Let (X, p) be a complete partial metric space and let F : X — X be a map such that

p(Fx,Fy) <ap(x,y) +bp(x, Fx) + cp(y, Fy) +dp(x, Fy) +ep(y, Fx) (2.6)
forallx,y € X, wherea,b,c,d,e >0and, ifd >e, thena+b+c+d+e<1,ifd<e, thena+b+c+d+2e <1.Then F has a
unique fixed point.

Proof. Let xo € X be an arbitrary point. Define a sequence {x,} in X by x; = Fx,—1 forn=1,2,.... Now if x;, = X,41 for
some ng =0, 1,2, ..., then it is clear that x;, is a fixed point of F. Now assume x, # X;41 for all n. Then we have from (2.6)
PXny1, Xn) = p(FXn, FXn_1)
< ap(Xn, Xn—1) + bp(xn, FXn) + cp(xn—1, Fxn—1) + dp(xu, FXn—1) +ep(Xn_1, Fxn)
=ap(Xn, Xn—1) + bp(Xn, Xn41) + P (Xn—1, Xn) + dp(Xn, Xn) + €Pp(Xn—1, Xn4+1)
<@+c+e)pxn, xn—1) + (b +e)p(xn, Xnt1) + (d — ) p(Xn, Xn). (2.7)

Now if d > e, then from (2.7) we have

a+c+d a+c+e
1-b—e’1—-b—d

for all n. If d < e, then from (2.7) by omitting the term —ed(xp, X,), we have

P(Xny1,Xn) < maX{ }p(xn, Xn—1) (2.8)

a+c+d+e a+c+e
1-b—e '"1—b—d—e

Hence from (2.8) and (2.9) we have

P(Xny1,Xn) < maX{ }p(xn,xn_ﬂ. (2.9)

P(Xnt1, Xn) < A"p(x1, X0),

where

1-b—e’> 1-b—d
max{ at+c+d+e _a+c+e - 1,

{ max{ at+c+d a+c+e }’ d >e,
1-b—e > 1-b—d—
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It is clear that A € [0, 1). On the other hand, since

max{p(xna Xn), P(Xn41, Xn-H)} < P(Xns Xnt1),

then we have
max{p(Xn, Xn), P(Xns1, Xn41)} <A"p(x1, X0). (2.10)
Therefore
P° (s Xnt1) = 2D Ko Xnp1) — P Ko Xn) — P10 Xn1)
< 2p(Xn, Xnr1) + p(Xn, Xn) + P (Xnt1, Xng1)
<4A"p(x1, %0).
This shows that limp_, » p*(Xn, Xn+1) = 0. Now we have

P* (Rn-tks %n) < P° (Xnhes Xnpk—1) + -+ + P° (Xn11, Xn)
<A p(x1, x0) + -+ + 42" p(x1, X0)

_4A”(1—Ak) Xt %0)
= 1—a D(X1, X0
n
<4 X1,X0)-
1_)Lp(1 0)

This shows that {x,} is a Cauchy sequence in the metric space (X, p*®). Since (X, p) is complete then from Lemma 1, the
sequence {x,} is converges in the metric space (X, p®), say lim,_, o, p*(Xs, X) = 0. Again from Lemma 1, we have

p(x,x) = lim p(xp,x) = lim p(xn, xm). (2.11)
n—o0o n,m—oo

Moreover since {x,} is a Cauchy sequence in the metric space (X, p*), we have limy ;oo p*(Xn, Xn) = 0 and from (2.10)
we have limp_, o p(Xn, X1) =0, thus from the definition p* we have limy ;- 00 P(Xn, Xm) = 0. Therefore from (2.11) we have
p(x, x) =limp— 00 p(Xn, X) = liMy,m— 00 P(Xn, Xm) = 0. Now we show that p(x, Fx) = 0. Assume this is not true, then from (2.6)
we obtain

< p(X, Fxn) + p(Fxn, FX) — p(Fxn, Fxy)

< p(X, Xnt1) + p(Fxn, FX)

< p(X, Xpy1) +ap(X, Xn) + bp(x, FX) + cp(Xn, Xn1), AP (X, Xn11) + €p(Xn, FX)

< P(X, Xn41) + ap(X, xn) + bp (X, FX) + ¢cp(Xn, Xn+1), dp(X, Xn41) + ep(xn, X) + ep(x, Fx)

p(x, Fx)

letting n — oo, we have

p(x, Fx) < (b+e)p(x, Fx),

which is a contradiction. Thus p(x, Fx) =0 and so x = Fx. The uniqueness of fixed point follows from (2.6) easily. O
We can have the following corollaries from Theorem 2.

Corollary 2 (Banach type). Let (X, p) be a complete partial metric space and let F : X — X be a map such that

p(Fx, Fy) <ap(x,y)
forallx,y € X, where 0 < a < 1. Then F has a unique fixed point.

Corollary 3 (Kannan type). Let (X, p) be a complete partial metric space and let F : X — X be a map such that

p(Fx, Fy) <ppx, Fx)+yp(y.Fy)
forallx,y € X, where 8,y > 0and B + y < 1. Then F has a unique fixed point.

Corollary 4 (Reich type). Let (X, p) be a complete partial metric space and let F : X — X be a map such that

p(Fx,Fy) <oap(x,y)+ Bp(x, Fx) +yp(y, Fy)
forallx,y € X, where, B,y > 0and a + 8+ y < 1. Then F has a unique fixed point.
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3. A homotopy result

Now we state a homotopy result.

Theorem 3. Let (X, p) be a complete partial metric space, U an open subset of X. Suppose that H : U x [0, 1] — X with the following
properties:

1. x# H(x, A) forevery x € 9U and 2 € [0, 1] (here dU denotes the boundary of U in X).
2. Forallx,y e Uand A €[0, 1], L € [0, 1), such that
p(Hx, 1), H(y, 1)) < Lp(x, y).

3. There exists M > 0, such that

foreveryxe U and A, € [0, 1].
If H(-, 0) has a fixed point in U, then H(-, 1) has a fixed point in U.
Proof. Consider the set

A={re[0,1]: x=H(x, ) for some x € U}

Since H(-,0) has a fixed point in U, then A is nonempty, that is, 0 € A. We will show that A is both open and closed in
[0, 1] and hence by connectedness we have that A =[0, 1]. As a result, H(-, 1) has a fixed point in U. We first show that A
is closed in [0, 1]. To see this let {An}>°; € A with A; — A € [0, 1] as n — oco. We must show that A € A. Since A, € A for
n=1,2,3,..., there exists x, € U with x, = H(x,, Ap). Also for n,m e {1,2,3,...} we have

p(Xn, Xm) = p(H(Xn, An), H(Xm, )hm))
< p(H(Xn, An), H(Xn, }Lm)) + P(H(Xn, Am)s H(Xm, )Lm)) - p(H(Xn, Am), H(xn, )Lm))
< p(H(Xn, An), H(Xn, }Lm)) + P(H(Xn, Am)s H(Xm, )Lm))
< Mlip — Aml + Lp(Xn, Xm),
that is,
Xn, Xm) < M [An — Aml
D(Xn, Xm) S 1-1 n ml.
Since {Ap}72; is a Cauchy sequence we have that limy ;- oo p(Xn, Xm) = 0, that is, {x,} is a Cauchy sequence in X. Since X

is complete there exists x € U with p(x, x) = limp_ o p(X, X) = limp,m— 00 P(Xn, Xm) = 0. Since

p(Xn, H(X7 )")) p(H(th )\n)’ H(X, )\'))
p(H (s ), H s 1)) + P(H (s 1), Hx, 1)) — p(H (G, 1), Hx, 1))
p(H(n An), Hn, 2)) + p(H (s 1), H(x, 1))

M|xn — Al + Lp(xn, X),

NN N

we have limp_, oo p(xn, H(X, A)) =0 and so

nangop(xn, H(x,1)) =p(x, H(x, 1)) =0.

Thus A € A and A is closed in [0, 1].

Next we show that A is an open in [0, 1]. Let Ao € A. Then there exists xg € U with xo = H(xg, Ag). Since U is open,
then there exists r > 0 such that B,(xg,r) € U. Now, let § = p(xg, 9U) = inf{p(xp, x): x € 9U}. Then from Lemma 2, r =
8 — p(Xp, X0) > 0. Fix £ > 0 with

1-=1L)s
< — "
M
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Let A € (Ao — &, A0 + €), then for x € Bp(xo,1) = {x € X: p(x,X0) <1+ p(x0,X0)},

p(H(x, ), %) = p(H(x, 1), H(x0, %0))
< p(Hx, 1), H(x,20)) + p(H(x, 20), H(X0, A0)) — p(H(x, X0), H(X, A0))
<p(H® ), Hx, h0)) + p(H(x, Xo), H(X0, A0))
< M2 — Aol + Lp(x, Xo)
< (1=L1)8+ L(r+ p(xo, X0))
=14 p(Xp, Xp)-
Thus for each fixed A € (A\g — &, A0 + &),

H(-,A) : Bp(x0,1) = Bp(xo0,1).

We can now apply Corollary 2 to deduce that H(-, 1) has a fixed point in U. But this fixed point must be in U since (1)
holds. Thus A € A for any A € (A9 — €, A0 + €) and therefore A is open in [0,1]. O
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The following correction for the paper [1] should be noted.
In the proof of Theorem 1, the authors prove that

P*(%n, Xng1) < 49" (p(x1, X0))
and from this inequality they obtain
lim p®(xn, xn41) =0. (0.1)
In order to prove that {x,} is a Cauchy sequence in the metric space (X, p%) they use the following inequality
P* (Xntks Xn) < P (Xn+ks Xnk—1) + -+ P* (Xn41, Xn)
<46 (p(x1,%0)) + - - + 46" (P(x1, X0) ) (0.2)

and (0.1).
This argument is false as it is proved with the following example. Consider (R, d), where d is the usual metric in R and
Xn=) 14 % Obviously,

=0.

1
lim d(xp41,x,) = lim |x —Xxp| = lim
N 00 ( n+1 n) n—>oo| n+1 n| n—o00 1+ 1

On the other hand, the sequence {x,} is not a Cauchy sequence because it is not convergent.
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The argument is correct when (X, d) is an ultrametric space.

In order to obtain the conclusion of Theorem 1 we must impose some conditions to the function ¢ : [0, co) — [0, c0).

Suppose that ¢ : [0, 00) — [0, 00) is a nondecreasing function and such that Y o2 ¢"(t) is a convergent series for any
t > 0. These functions are known in the literature as (c)-comparison functions.

It is easily proved that if ¢ is a (c)-comparison function then ¢(t) <t for any t > 0.

Then Theorem 1 can be replaced by the following theorem.

Theorem 1. Let (X, p) be a complete partial metric space and F : X — X be a map such that

1
p(Fx, Fy) < cb(maX:p(x, V), PO, FX), p(y, Fy), 5 [p(x, Fy) + p(y. FX)] })
forall x, y € X where ¢ : [0, 00) — [0, 00) is a (c)-comparison function. Then F has a unique fixed point.

Proof. Following the lines of the proof of Theorem 1 of [1], from (0.2) we obtain

n+k—1

P Cnie- Xn) <4 Y 6P (p(x1.%0))

p=n

and, as ZZ":O ¢P(p(x1, x0)) is convergent, from the last inequality, using Cauchy’s criterium for convergent series, we obtain
that {x,} is a Cauchy sequence. 0O

On the other hand, the authors of [1] use the continuity of ¢ in order to prove that p(x, Fx) = 0.
More precisely, they obtain the following inequality

1
p(x, FX) < p(X, Xn+1) + ¢<maX{p(><, Xn), P(X, FX), p(Xn, Xnt1), 5[19(& Xnt1) 4 P(n, %) + p(x, FX)] }) (0.3)
and letting n — oo and using the continuity of ¢

p(x, FX) < ¢(p(x, Fx))

and from this fact the authors obtain p(x, Fx) =0.

The following argument proves that the continuity of ¢ is not necessary in order to obtain the same conclusion.

As ¢ is a (c)-comparison function, ¢(t) <t for t > 0.

Now, suppose that p(x, Fx) > 0, as limy— o p(Xn+1,%;) = 0 and limy_, o p(xn, X) = 0, there exists ng € N such that for
n > no,

1
P(Xn41,Xn) < §p(x, Fx) (0.4)
and there exists n; € N such that for n > ny,
1
p(xn, X) < §p(x, Fx). (0.5)

If we take n > max{ng, n1} then, by (0.4), (0.5) and triangular inequality, we have
1 1
E[p(xn, FX) + p(x, Fxp)] < i[p(xn, X) + p(x, FX) — p(x,X) + p(x, Fxp)]
< 11 (x, Fx) + p(x Fx)—i—1 (x, Fx)
S5 3p ) p(X, 319 ,
5
= ép(x, Fx). (0.6)
Now for n > max{ng, ny}, by (0.4), (0.5) and (0.6), we have
p(Xn41, Fx) = p(Fxp, FX)
1
< ¢><maX{p(xn,X), P, Fxn), p(x, Fx), E[p(xn, Fx) + p(x, Fxn)]})

< ¢(px. F)).

Letting n — oo in the last inequality, we have p(x, Fx) < ¢ (p(x, Fx)), which is a contradiction. Thus p(x, Fx) = 0. Therefore,
Theorem 1 is an improvement of Theorem 1 of [1].
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Finally, we present an example of a discontinuous (c)-comparison function.
Let ¢ : Ry — R, be the function defined by

it 0<t<1,

o) = 1<t

_t
+1°
It is easily seen that ¢ is a (c)-comparison function and it is not continuous at tg =1.
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