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We consider generalized Berinde-type contractions in the context of partial metric spaces. Such contractions are also known as
generalized almost contractions in the literature. In this paper, we extend, generalize, and enrich the results in this direction. Some

examples are presented to illustrate our results.

1. Introduction and Preliminaries

Matthews [1] introduced the notion of a partial metric space
as a part of the study of denotational semantics of data for
networks, showing that the contraction mapping principle
[2] can be generalized to the partial metric context for
applications in program verifications. Later, there have been
several recent extensive researchs on (common) fixed points
for different contractions on partial metric spaces, see [3-
28].
First, we recall some basic concepts and notations.

Definition 1. A partial metric on a nonempty set X is a
function p : X x X — [0, +00) such that for all x, y,z € X:
(p1) x =y & plx,x) = p(x, y) = p(y, y),
(p2) p(x,x) < p(x, ),
(p3) p(x, y) = p(y, %),
(p4) p(x,y) < p(x,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.

Example 2 (see [1]). Let X = R and p defined on X by
p(x, y) = max{x, y} for all x, y € X. Then (X, p) is a partial
metric space.

Example 3 (see [20, 26]). Let (X, d) and (X, p) be a metric
space and a partial metric space, respectively. Functions p; :
XxX — RY (i €{1,2,3}) given by

pi(x,y)=d(xy)+p(xy),
Py (%, y) = d (x, y) + max {u (x),u(y)}, 6))
ps(x,y) =d(x y) +a,

define partial metrics on X, where u :
arbitrary function and a > 0.

X — R"isan

Example 4 (see [1]). Let X = {[a,b] : a,b € R,a < b} and
define p([a, b], [c,d]) = max{b, d} — min{a, c}. Then (X, p) is
a partial metric space.

Example 5 (see [1]). Let X = [0,1] U [2,3] and define p :

XxX — R*by
_ |max{x, y}, if {x,y}n[2,3] #£0,
p(x’y)_{|x—y|, if {x, y} c[0,1].

Then (X, p) is a partial metric space.

2)

Remark 6. It is clear that, if p(x, y) = 0, then from (p1) and
(p2), we get x = y. On the other hand, p(x, y) may not be 0
evenifx = y.



Each partial metric p on X generates a T, topology 7, on
X which has as a base the family of open p-balls {B,(x, ), x €
X, & > 0}, where Bp(x, e)={y e X: p(x,y) < p(x,x) +¢} for
all x € Xand e > 0.

If p is a partial metric on X, then the functions d o d;’; :
X x X — R, given by

d,(x,y)=2p(x,y) - p(x,x) - p(». ),
db (x,y) = max{p(x,y) - p(x,x), p(x,¥) = p(» )}

= p(x,y) —min{p(x,x),p(y, y)}
(3)

are equivalent metrics on X.

Definition 7 (see [1]). Let (X, p) be a partial metric space.

(1) A sequence {x,},cy in X is called a Cauchy sequence
in (X, p) iflim,,, _, .o, p(x,, X,,) exists and is finite.

(2) (X, p) is called complete if every Cauchy sequence
{x,}neny converges with respect to 7, to a point x € X
such that p(x, x) = lim, ,,, , o, p(x,, x,,).

Lemma 8 (see [1]). Let (X, p) be a partial metric space.

(1) {x,},en is a Cauchy sequence in (X, p) if and only if it
is a Cauchy sequence in the metric space (X, d,,).

(2) A partial metric space (X, p) is complete if and only
if the metric space (X,d,) is complete. Furthermore,
lim,, _, o d,(x,, x) = 0 if and only if

lim  p(x,, x,,)-

p(xx) = lim p(x,x)= lim (4)
Lemma 9 (see [20]). Let {x,},cn be a convergent sequence in
a partial metric space X such that x,, — x and x,, — y with
respect to T,,. If

lim_p(x,%,) = pe.x) = p(2:9), (5)
then x = y.

Lemma 10 (see [20]). Let {x,},cn and {y,}.ey be two
sequences in a partial metric space X such that

lim p(x,%) = lim p(x,5,) = p o),
(6)
Aim p(y,y)= lim p(y.y,)=p(.5),
then lim, . p(x,,v,) =  plx,y). In particular,
lim, , o, p(x,,2) = p(x,z) for every z € X.

Lemma 11 (see [3]). Let (X, p) be a partial metric space
and x, — z, with respect to T, with p(z,z) = 0. Then
lim, , .., p(x,, y) = p(z, y) for aﬁy € X.

The concept of almost contractions was introduced by
Berinde [29, 30] on metric spaces. Other results on almost
contractions could be found in [31-34]. Recently, Altun
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and Acar [35] characterized this concept in the setting of
partial metric space and proved some fixed point theorems
using these concepts. Very recently, Turkoglu and Ozturk
[27] established a fixed point theorem for four mappings
satisfying an almost generalized contractive condition on
partial metric spaces. In this paper, we generalize the results
given in [27, 35] by presenting some fixed point results for self
mappings involving some almost generalized contractions
in the setting of partial metric spaces. Also, we give some
illustrative examples making our results proper.

2. Main Results

We start to this section by defining some sets of auxiliary
functions. Let # denote all functions f : [0, +0c0) — [0, +00)
such that f(¢) = 0 ifand only if t = 0. We denote by ¥ and @
be subsets of # such that

V¥ = {y € F : y is continuous and nondecreasing} ,

7)

® = {¢ € F : ¢ is lower semicontinuous} .

Let (X, p) a partial metric space. We consider the following
expressions:

M (x,y) = max{p (7). p (6. Tx). p (1. T),

1
SITIER O BT TC% 5] S
N (x,y) = min{d? (x,Tx),d? (y,Ty),

db (x,Ty),db, (y,Tx)},

forall x, y € X.
Our first result is the following.

Theorem 12. Let (X, p) be a complete partial metric space. Let
T : X — X be a self mapping. Suppose there exist y € ¥,
¢ € ®andL > 0 such that forall x, y € X

v (p(TxTy)) <y (M (x, 7)) - ¢ (M (x, y)) + LN (x, yzg-)

Then T has a unique fixed point, say u € X. Also, one has
plu,u) = 0.

Proof. Let x, € X. We construct a sequence {x,},y in X ina
way that x,, = Tx,,_, foralln > 1. Suppose that p(x,, , x,, ) =
0 for some 1y > 0. So we have x,, = x,, ,; = Tx,, , thatis, x,,
is the fixed point of T

From now on, assume that p(x,,x,,;) > 0 foralln > 0.
By (9), we have

Y (P (% X51)) < ¥ (P (Tx0, Tx,))
<y (M (%15 %,)) = ¢ (M (x,-15%,)) (10)

+LN ('xn—l’ xn) ’
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where

N( Xp-1>%, )_ mln{d (xn X ) d (xn’xn+1)
dﬁ; (xn—l’ xn+1) > dfn (xn’ xn)} .

x,) = 0. Hence, it

(11)

Since df (x,,x,) = 0, we get N(x,_,,

follows that
4 (p (xn’ xn+1)) < 14 (M (xn—l’xn)) (M (xn X )) >
(12)
which yields that
¥ (P (% %i1)) Y (M (%,-10%,)) - (13)
Since y is nondecreasing, then
p (xn’ xn+1) <M (xnfl’ xn) > (14)
where
M (xn—l’ xn)

= max {p (xn—l’ xn) ’p (xn—l’ Txn—l) ’p (xn’ Txn) >
1
2 [P (50 T,) + p (5 T, )]
= max {p (xnfl’ xn) ’p (xn—l’ xn) >P (xn’anrl) >
1
1P G %) + (50,1}
(15)
Due to (p4), we have

p (xn—l’anrl) + P (xn’xn) < P (xn—hxn) + P (xn’anrl)(' )
16

Hence, the expression (15) turns into

M (xn—1> xn) = max {p (xn—l’ xn) ’ P (xw xn+1)} . (17)

If for some n,

) P (xn’ xn+1)} = p(xn’ xn+1) (18)

max {p (xn X
then by (12)
>xn+1)) - (/5 (P (xn’ xn+1)) > (19)
$0 P(p(x,, X,41)) = 0. By (¢,), we get p(x,, x,,,,) = 0, which

is a contradiction with respect to p(x,,, x,,,,) > Oforalln > 0.
Thus

v (p (%0 %,11)) v (p(x,

M (x,_y,x,) = p(x,_1,x,), foreachn>1, (20)

so from (14)

P (% %p1) < p(x,.1,%,), foreachn>1. (21)

Thus, the sequence {p(x,,x,,;)} is non-increasing and so
there exists § > 0 such that

lim p(x,, X,.,) = 0. (22)

n— +00
Suppose that § > 0. Taking limsup, _, , . in inequality (12)
and using (20), we get

tim supy (p (%, %,,1)) < lim supy (p (3,1, %)
n +00 n—+o0o (23)
~liminf ¢ (p (x,-1,x,)).
By continuity of ¥ and lower semicontinuity of ¢, we get
Y(8) < w(8)—¢(6),s0¢(8) = 0, thatis,d = 0, a contradiction.
We conclude that

lim_p (x,,%,,1) = 0. (24)

n—+00
We will show that {x,},,cy is a Cauchy sequence in the partial
metric space (X, p). From Lemma 8, we need to prove that
{Xp}nen is @ Cauchy sequence in the metric space (X, d,).
Suppose to the contrary that {x,,},, is not a Cauchy sequence
in the metric space (X,d,). Then, there is a ¢ > 0 such that
for an integer k there exist integers m(k) > n(k) > k such that

dp (xn(k), xm(k)) > E. (25)

By definition of dp, we have dp(x, y) <
x, ¥ € X, so (25) gives us

2p(x, y) for each

&
P (%> Xmciy) > > (26)

For every integer k, let m(k) be the least positive integer
exceeding n(k) satisfying (26) then

&
P (%> Xmgiy-1) < > (27)

Now, using (26), (27), and the triangular inequality (which
still holds for the partial metric p), we obtain

t
5 <p (xn(k)>xm(k))

sp (xn(k)’ xm(k)—l) +p (xm(k)—l’ Xim(ky)
= P (Xomgo-1> Xmciy-1) (28)

< P (K> Xonciy-1) + P (Komiy-15 X))

&
< 5 + D (Xm()-1> Xomch)) -

Then by (24) it follows that

&
im p (X0 X)) = > (29)

k — 400

Also, by the triangle inequality, we have

m(k)— ) - p(xn(k)’xm(k))l < p(xm(k)—l’xm(k))'
(30)

|P (xn(k)>



From (24) and (29) we get

. &
im p (%00 Xy-1) = > (31)

k= +00
Similarly, by triangle inequality
P (%utip Xmi) < P (X Xntiye1) + P (K10 Ximiiy)
< P (K Xngie1) + P Ko+ Ximii-1)
+ P (X1 X))
< 2P (X Xnye1) + P (X Ximii-1)

+p (xm(k)—P xm(k))

(32)
and from (24), (29), and (31) we get
. &
kEmeP (Xnthys1> Xmry) = > (33)
. &
kLHPOOP (X1 Xmy-1) = 5 (34)
Having
dﬁl (xn(k)’ xn(k)+1)
=p (xn(k)’ xn(k)+1)
(35)
— min {p (xn(k)’ xn(k)) > P (xn(k)+1’ xn(k)+1)}
< P (% Xny1) »
so referring to (24), we get
lim db (%00 %a941) = 0. (36)

k — +00

Moreover
M (X Xm(ty-1)
= max {P (X Xmi-1) » £ Ky TXnty) »
P (%1 TXmiy1) »
% [P Sty TXmig-1) + P (K-> Txn(k))]}
= max {P (X Xmr-1) » P Ky X)) »

p (xm(k)—l’ xm(k)) >

1
5 [P (xn(k)’ xm(k)) +p (xm(k)—l’ xn(k)+1)]} .
(37)

Thus, from (24), (29), (31), and (34), we get

llm M (.xn(k), xm(k)_l) = max {g, 0, 0, %} = g (38)

k — +00
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From (9), we have
¥ (P (%41 X))
<y (P (T TXnr1))
< ¥ (M (X1 Xpai-1))

= ¢ (M (Xt Xm@ry-1)) + LN (X095 Xni-1) »

(39)

where
N (xn(k)’xm(k)—l)
= min {d}, (X,0» TXnt)) » Dy (K1 TXimii-1) »
dh, (Xn(i0> TXmr-1) » Ay (Ximgy-1> Tn(iy)} - (40)
= min {d?, (X, Xnge1) > oy (Xin-1> Xmcig) »

dﬁl (xn(k)’ xm(k)) >d5, (xm(k)—l’ xn(k)+1)} .

By (36), we get

kliTmN (%> Xim(iy-1) = 0 (41)

and referring to (33), (38) and letting k — +00, we get

£ € €
Ney(Z)-¢(2), 42
v(5)<v(5)-9(5) )
so ¢(e/2) = 0, which is a contradiction with respect to ¢ >
0. Thus we proved that {x,},cy is @ Cauchy sequence in the
metric space (X, d p).
Since (X, p) is complete, then from Lemma 8, (X, dp)

is a complete metric space. Therefore, the sequence {x,},cn
converges to some ¢ € X in (X, dp), that is,

lim d, (x,,u)=0. (43)

n—+0o

Again, from Lemma 8,
pww = lim p(x,u)= lm p(x,x,).  (44)

On the other hand, thanks to (24) and the condition (p2)
from Definition 1,

lim p(x,,x,) =0, (45)
so it follows that

pwu)= lim p(x,u)= lim p(x,x,)=0. (46)

Now, we show that p(u, Tu) = 0. Assume this is not true, then
from (9) we obtain

¥ (p (i1 Tw) = y (p (T, Tur))
<y (M (x,u)) = ¢ (M (x,,u))
+ Lmin {d? (x,,Tx,),dl (u,Tu),

dy, (. Tx,) dy, (x, Tu)}
(47)
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where
M (x,,u) = max {p (xpt0), p (x5 Tx,) > p (U, Tu),

2P (o T) + p . T,)]
(48)

= max {p (1) (0 01) (0, T10),

% [p(x,, Tu) + p(u, xn+1)]} :

Thanks to (46), it is obvious that lim,_,, p(x,,Tu) =
p(u, Tu). Therefore, using (24) and again (46), we deduce that

lim M (x,,u) = max {o, 0, p (u, Tu), % p(u, Tu)}

n— +00 49)
=pWw,Tu).
Also
N () =0 (50)

because (24) and (45) give lim,, _, ., d* (x,, Tx,) = 0. Now,
taking the upper limit as # — +00, we obtain using the
properties of v and ¢

V/ (P (u’ TM)) < l// (P (Ll, TM)) - ¢ (P (Ll, Tu)) > (51)

so ¢(p(u, Tu)) = 0, that is, p(u,Tu) = 0, so Tu = u. We
conclude that T has a fixed point u € X and p(u,u) = 0.

Now if v#u (so p(u,v) #0) is another fixed point of T
(with p(v,v) = 0), then by (46),

N (u,v) = min {d” (u, Tu),d? (v, Tv),
dl (u,Tv),d? (v, Tu)}
=min{d? (u,u),d? (v,v),d? (u,v),d’ (v,u)}

:0,

M (,0) = max {p (w,0), p (4, Tw), p (. T0),
1P To) + p (o Tu)l}
5 pw,Tv)+ p(,Tu
:max{p(u,v),p(u,u),p(v,v),
%[p(u,v)+p(v,u)]}

:max{p(u,v),0,0,% [p(u,v)+p(v,u)]}

=p(u,v).
(52)
Hence, using (9) we obtain
v (p (w,v) =y (p(Tu, Tv))
<y (Mw,0) - (M (u,v)) + LN (v,u) (53)

=y (pwv) - (p W),

that is, p(u,v) = 0, which is a contradiction. The proof of
Theorem 12 is completed. O

As a consequence of Theorem 12, we may state the
following corollaries.
First, taking L = 0 in Theorem 12, we have the following.

Corollary 13. Let (X, p) be a complete partial metric space.
LetT : X — X be a self mapping. Suppose there exist y € ¥
and ¢ € O such that forall x, y € X

y(p(TxTy) <y (M(xy) -y (M(x.y)). (54

Then T has a unique fixed point, say u € X. Also, one has
p(u,u) = 0.

Corollary 14. Let (X, p) be a complete partial metric space.
LetT : X — X be a self mapping. Suppose there exist k €
[0,1) and L > 0 such that for all x, y € X

p(Tx,Ty) < kM (x, y)
+Lmin{d? (x,Tx),dE (y,Ty), (55)

db (x,Ty),db (y,Tx)}.

Then T has a unique fixed point, say u € X. Also, one has
plu,u) = 0.

Proof. 1t follows by taking y(t) = t and ¢(t) = (1 — k)(t) in
Theorem 12. O

Denote by A the set of functions A : [0, +c0) — [0, +00)
satisfying the following hypotheses:

(1) Ais a Lebesgue-integrable mapping on each compact
subset of [0, +00),
(2) for every e > 0, we have joe A(s)ds > 0.

We have the following result.

Corollary 15. Let (X, p) be a complete partial metric space.
LetT : X — X bea self mapping. Suppose there exist o, 5 € A
and L > 0 such that for all x, y € X

P(Tx,Ty)
J a(s)ds <

p(Tx,Ty) M(x.y)
J oc(s)ds—J B(s)ds
0

0

+ Lmin{d? (x,Tx),d (y,Ty),

db (x,Ty),db (y,Tx)}.
(56)

Then T has a unique fixed point, say u € X. Also, one has
p(u,u) = 0.

Proof. 1t follows from Theorem 12 by taking

t

v = [ a@as

’ (57)

t
(1) = L B(s)ds.



Taking L = 0 in Corollary 15, we obtain the following
result.

Corollary 16. Let (X, p) be a complete partial metric space.
LetT : X — X bea self mapping. Suppose there existat, § € A
such that for all x, y € X

p(Tx,Ty)
J a(s)ds <

p(Tx,Ty) M(x,y)
J a(s)ds— J B (s)ds.
0

(58)

0

Then T has a unique fixed point, say u € X. Also, one has
plu,u) = 0.

Now, let & be the set of functions ¢ : [0,+00) —

[0, +00) satisfying the following hypotheses:

(¢,) @ is nondecreasing

(p,) Z:jg ¢"(t) converges for all t > 0.

Note that if ¢ € &, ¢ is said a (C)-comparison function.
It is easily proved that if ¢ is a (C)-comparison function, then
@(t) <t forany t > 0. Our second main result is as follows.

Theorem17. Let (X, p) be a complete partial metric space. Let
T : X — X beamapping such that there exist ¢ € F and
L > 0 such that forall x, y € X

p(Tx,Ty) < ¢ (M(x, y))
+ Lmin{d? (x,Tx),dE (y,Ty), (59)
db (x,Ty),dh (y,Tx)}.

Then T has a unique fixed point, say u € X. Also, one has
plu,u) = 0.

Proof. Let x, € X. Let {x,},,cn in X such that x,, = Tx,,_, for
alln > 1.

If for somen € N, p(x,,, x,,,;) = 0, the proof is completed.
Assume that p(x,, x,,,;) #0 for alln > 0.

From (59)
P (% Xpi1) = p(Tx, 15 Tx,,)
< ¢ (M (x,15%,))
= Lmin{d? (x, ,,Tx,_,),d? (x,, Tx,),

dﬁl (xnfl’ Txn) > dﬁz (xn’ Txnfl)} .

(60)
As explained in the proof of Theorem 12, we may get
min {7, (5,1, T, ) o, (5,0 T5,)
dy (%1, %), dp, (%, Tx, 1)} = 0, (61)

M (xnfl’xn) = max {P (xnfl’xn) ’P (xwxnﬂ)} .

Therefore

P (xn’an) = ¢ (max {P (xnfl’ xn) ’p (xn’xn+1)}) . (62)
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If for some n > 1, we have p(x,_;,x,) < p(x,, x,,1). So from
(62), we obtain that

p('xn’ xn+1) < (P(p (xn’xn+1)) < p(xn>xn+1) > (63)

a contradiction. Thus, for all n > 1, we have

M (xn—l’ xn) = max {P (xn—l’ xn) >P (xn’ xn+1)}

(64)
=p (xn—l’xn) :
Using (62) and (64), we get that
P (% Xp) <@(p(x,1x,) Yn21.  (65)
By induction, we get
P (X)) < 9" (P (%0, X1)) (66)
for all n > 0. By triangle inequality, we have for m > n
k=m-1 k=m-1
P (x5 %,,) < Z P (X Xper1) = Z p (X xi)
k=n k=n+1
k=m-1
< Z P (X Xper1)
k=n
(67)

k=+00

< Z P (X Xper1)
k=n

k=+00

< kz ?’k (p (x05 1)) -

Keeping in mind that ¢ is a (C)-comparison function, then
lim,, o0 Yo ® @5 (p(xg>x;)) = 0 and so {x,},cy is a
Cauchy sequence in (X, p) with lim, ,,, , ,, p(x,,x,,) = 0.
Since (X, p) is complete then {x,,},.y converges, with respect
to7,toa point u € X such that

lim p(x,,x,)=0. (68)

p (u, u) - HEIPDOP (xn’ u) - n,m — +00

Now we claim that p(u, Tu) = 0. Suppose the contrary, then
p(u, Tu) > 0. By (59), we have

p W Tu) < p(u,x,,1) + p(Tx,, Tu)

< P x00) + 9 (M (x,,u))

(69)
+ Lmin {d? (x,,Tx,),dl (u,Tu),
dﬁl (u> Txn) > d;’; (xn’ Tu)} >
where
M (x,010) = max { p (3,0 ). p (5 T,)  p (. )

1

> [p (o) + p (w1}
(70)

= max {p (5,0). £ (0 %y00) (0T,

2 (T + p (03,1}
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By (68), we have

lim min{d? (x,,Tx,),d? (u,Tu),

n—+00
df (u,Tx,),d’ (x,,Tu)} =0,  (71)

lim M (x,,u) = p(u, Tu).

Therefore

pw,Tu) <o (pw,Tu)) < p(u,Tu), (72)

which is a contradiction. That is p(u,Tu) = 0. Thus, we
obtained that u is a fixed point for T"and p(u, u) = 0.

Now if v#u (so p(u,v) #0) is another fixed point of T,
then by (68),

min {d? (u,Tu),d? (v,Tv),dE (u,Tv),dE (v, Tu)}
=min {d” (u,u),d? (v,v),dE (u,v),d? (v,u)}

:0,

M(u,v):max{p(u,v),p(u,Tu),p(v,Tv),
P T+ pTw]|
5 p W, Tv)+ p (v, Tu
:max{p(u,v),p(u,u),p(v,v),

% [p(u,v)+p(v,u)]}

=pu,v).
(73)

Hence, using (59) we obtain
p @) = p(Tu,Tv)
< ¢ (M (4,v))
+ Lmin {d? (u, Tu),d? (v,Tv),

(74)
df (u,Tv),d? (v, Tu)}

<¢(p(uv)
< p(u,v)

which is a contradiction. Thus u = v and the proof of
Theorem 17 is completed. O

Taking L = 0 in Theorem 17, we have the following.

Corollary 18. Let (X, p) be a complete partial metric space.
Let T : X — X be a mapping such that there exists ¢ € F
such that for all x, y € X

p(Tx,Ty) <9 (M(x,y)). (75)

Then T has a unique fixed point, say u € X. Also, one has
plu,u) = 0.

Taking ¢(t) = ht where 0 < h < 1 in Corollary 18, we
obtain the Ciri¢ fixed point theorem [36] in the setting of
metric spaces (by considering p = d is a metric).

Corollary 19. Let (X,d) be a complete metric space. Let T :
X — X be a mapping such that there exists h € [0,1) such
that forall x, y € X

d(Tx,Ty) < hmax {d (x,9),d(x,Tx),d(y,Ty),
(76)

3l Ty) +d ()]

Then T has a unique fixed point.

Remark 20. Corollary 14 generalizes Theorem 10 (with f =
g = T = §) of Turkoglu and Ozturk [27]. Corollary 18
improves Theorem 1 of Altun et al. [4] by assuming that ¢
is not continuous.

3. Examples

We give in this section some examples making effective our
obtained results.

Example 21. Let X = [0,1] and p(x, y) = max{x, y} for all
x,y € X. Then (X, p) is a complete partial metric space.
Consider T : X — X defined by

2
X

Tx = (77)

1+x

Take y(t) = t and ¢(t) = t/(1 +¢t) for all t+ > 0. Note that
y € ¥and ¢ € @. Take x < y, then

v (p(Tx,Ty))

= yz :y——y
1+y 1+y

=y (M(x,y)) - ¢ (M(x y))

(since M (x,y) = y) 78)

<y(M(x,y)) - (M(x, y))

+ Lmin {d? (x,Tx),d’ (y,Ty),
dy, (. Ty)dy, (3, Tx)}

for all L > 0. Thus, (9) holds. Applying Theorem 12, T has a
unique fixed point, which is u = 0.

Example 22. Let X = {0,1,2,3,4} and p(x, y) = max{x, y}.
Let T : X — X be defined as follows:
T0 =0,

T1=T3=2, T4=T2=1. (79)



By simple calculation, we get that
p(T2,T2) = p(T4,T4) = p(T2,TO)
= p(T4,T0) = p(T2,T4) =1,
p(T0,T0) =0,
p(T1,T1) = p(T3,T3) = p(T'1,T0) (80)
= p(T3,T0) = p(T1,T3) =2,
p(T4,T1) = p(T4,T3) = p(T2,T1)
= p(T2,T3) =2.
Hence, we derive that
M (T1,T4) = M (T2,T4) = M (T3,T4)
= M(T4,T4) = M (T0,T4) = 4,
M(T1,T3) = M(T2,T3)
= M (T0,T3) = M (T3,T3) = 3,
M (T0,TO) = 0,
M(T1,T2) = M(T2,T0) = M (T1,T1)
= M(T0,T1) = M (T2,T2) = 2,
N(T1,T4) = N(T2,T1) = N(T1,T0) = N (T2,T0)
= N(T3,T0) = N (T4,T0) = N (T0,T0) = 0,
N(T1,T1) = N(T1,T3) = N (T2,T3)
= N(T3,T3) =N(T2,T2) = N(T2,T4) =1,

N(T4,T3)=2,  N(T4,T4)=3.

(81)

For w(t) = t/3, ¢(t) = t/6 and L > 1/5 all conditions of
Theorem 12 are satisfied. Notice that 0 is the unique fixed
point of T'.

Example 23. Let X = [0,2] and p: X x X — R" be defined
by p(x, y) = max{x, y}. DefineT: X — X by

2
X oo ifxe (o,

if x € [1,2[, (82)

T(x)= 140,
il ifx=2
3

and let ¢ : [0, +00o[ — [0, +oo[ defined by

2
o) = —. (83)

By induction, we have ¢"(t) < ¢(t/(1 +t))" foralln > 1, so
it is clear that ¢ is a (C)-comparison function. Now we show
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that (59) is satisfied for all x, y € X. It suffices to prove it for
x < y. Consider the following six cases.

Casel. Let x, y € [0, 1[, then
2

_ )
p(Tx,Ty) = S
(84)
=¢(p(xy))
<o (M(x.y)).
Case 2. Let x, y € [1,2], then
p(Tx,Ty) = p(0,0) =0
(85)
<o (M(xy)).
Case 3. Let x = y = 2, then
4 4 4
p(reTy)=p(55) =3
=9 (2) (86)
<o (M(xy).
Case 4. Let x € [0,1[ and y € [1,2[ then
x? x*
p(Tx,Ty) :P<x+1’0> - x+1
2
y
= y+1 (87)
=¢(p(xy))
<o (M(xy)).
Case 5. Let x € [0,1[ and y = 2, then
4\ 4
prety) - p(25.1)-3
=¢(2) (88)
=¢(p(xy))
<o (M(x.y)).
Case 6. Let x € [1,2[ and y = 2 then
4 4
p(Tx,Ty) = P<0>§> =3
=¢(2) (89)
=¢(p(xy))
<o (M(x.y)).

Since, forall x, y € X

Lmin{d? (x,Tx),dl (y,Ty),dE (x,Ty),d (y,Tx)} =0
(90)

then (59) is verified. Applying Theorem 17, T has a unique
fixed point, which is u = 0.
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All presented theorems involve generalized almost con-
tractive mappings which have a unique fixed point. But, one
of the main features of Berinde contractions is the fact that
they do possess more that one fixed point. In this direction,
Altun and Acar [35] proved the following result.

Theorem 24. Let (X, p) a complete partial metric space. Given
T:X — X satisfying

there exist k € [0,1), L=>0

(o1
such that p(Tx,Ty) < kp (x, y) + Ld? (x,Ty),
forall x, y € X. Then, T has a fixed point.

The following example illustrates Theorem 24 where we
have two fixed points.

Example 25. Let X = {0, 1,2}. A partial metric p: X x X —
R™ is defined by

P(O’O)ZP(Ll):O, p(2,2)=}},

p(o,1)=p<1,0)=§,

I (92)
)2 = 2$ =T
p(0.2) = p(2,0)= -
1
p(1,2)=p(2,1)= 3
Define the mapping T : X — X by
T0O=T2=0, T1=1. (93)

It is easy to show that (91) is satisfied. Applying Theorem 24,
T has a fixed point. Note that T has two fixed points which
are 0 and 1.
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