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SOME FIXED POINT THEOREMS ON ALMOST
GENERALIZED a—-f—9¢ —¢—19 CONTRACTIVE MAPPINGS IN
PARTIAL METRIC SPACES

HEERAMANI TIWARI'* AND PADMAVATI?

ABSTRACT. In this paper, we introduced the notion of almost generalized
a—p—1—p—1 contractive mappings and proved the existence and uniqueness
of fixed points for such mappings in the setting of partial metric spaces. Our
results extend and strengthen various known results in this direction. Further-
more, an example is presented to illustrate our result.

1. INTRODUCTION AND PRELIMINARIES

Matthews [2] presented a very interesting generalization of the metric space
known as partial metric space (PMS) in which the condition d(z,x) = 0 is re-
placed by the condition d(x,z) < d(z,y) and proved the partial metric version of
Banach fixed point theorem.

Alber and Delabriere [3] introduced the concept of weak contraction and the gen-

eralization of p-weak contraction was defined by Zhang and Song [1]. Afterward,
Dutta and Choudhury [5] introduced (i) — ¢) weak contraction as an extension
of weak contraction in complete metric spaces. Further, Samet et al. [0] ex-

tended and generalized the Banach contraction principle by introducing a new
class of contractive type mappings known as o — ¢ contractive type mappings.
Karapinar and Samet [7] generalized the v — 1) contractive type mappings and
established various fixed point theorems. Also Karapinar et al. [11] shown some
results in partial metric spaces using rational type expressions. Recently, Kara-
pinar et al.[8] generalized the concept of aw — (¢» — ¢) Contractive mappings on
quasi-partial metric spaces. Furthermore, Aydi H. et al. [9] considered almost
generalized contraction in setting of partial metric spaces and established some
fixed point theorems.

Definition 1.1. A function ¢ : [0,00) — [0,00) is called an altering distance
function if the following properties are satisfied :

(a) 7 is non decreasing and continuous;
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(b) 9¥(t) = 0 if and only if ¢t = 0.
Remark 1.2. We denote VU set of altering distance functions.

Definition 1.3. Let © be the family of functions ¥ : [0, 00) — [0, 00) such that
(i) ¥ is continuous;
(ii) ¥(t) = 0 if and only if t = 0.

Dutta and Choudhury [5] introduced (¢ — ¢) weak contraction and established
fixed point theorem as follows:

Theorem 1.4. [5] Let (X,d) be a complete metric space and T : X — X be a
self-map satisfying the inequality

(d(T, Ty)) < P(d(z,y)) — p(d(z,y)) (1.1)

for all x,y € X, where 1, p : [0,00) — [0,00) are both continuous and nonde-
creasing functions with ¥ (t) = ¢(t) = 0 if and only ift = 0. Then T has a unique
fixed point in X.

Recently, Karapinar et al.[14] proved some fixed point theorems for mappings
satisfying rational type contractive condition using auxiliary functions in partial
metric spaces.

Theorem 1.5. [11] Let (X, p) be a complete partial metric space and T : X — X
be a self-map satisfying the inequality
v(p(Tz, Ty)) < p(M(z,y)) — o(M(z,y)) (1.2)
for all x,y € X, where M is given by
1+ p(z, Tx)
M(z,y zmaX{py,Ty ———p@,y 1.3
(2,9) .70 T2 ) (1.9
and

Y 1 [0,00) — [0,00) is continuous monotone nondecreasing function with
W(t) =0 if and only if t = 0 and ¢ : [0,00) — [0,00) is lower semi-continuous
function with p(t) =0 if and only if t =0 .

Then T has a unique fized point in X.

Samet et al.[0] introduced the concepts of v —1) contractive type mappings and
a-admissible mappings and proved following results:

Definition 1.6. [0] Let (X,d) be a metric space and 7" : X — X be a self
mapping. T is said to be an «a — 1 contractive mappings if there exists two
functions a : X x X — [0,00) and ¢ € ¥ such that

a(z,y)d(Tx, Ty) < P(d(z,y))
for all z,y € X.

Definition 1.7. [0] Let T : X — X and a : X x X — [0,00). T is said to
a-admissible if
alz,y) > 1= o(Tz,Ty) > 1
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for all z,y € X.

Theorem 1.8. [6] Let (X, d) be a complete metric space and T : X — X be an
a — 1 contractive mappings satisfying the conditions:

(1) T is a-admissible;

(i1) There exists xg € X such that a(xg, Tzg) > 1;
(113) T is continuous.

Then T has a fixed point.

Theorem 1.9. [0] Let (X,d) be a complete metric space and T : X — X be an
a — Y contractive mappings satisfying the conditions:
(1) T is a-admissible;
(i1) There exists xg € X such that a(xg, Txg) > 1;
(111) If {x,} is a sequence in X such that o(z,,zny1) > 1 for all n and z, —
x € X asn — oo, then a(x,,x) > 1.

Then T has a fixed point. Further, Samet et al.[0] added the condition that
for all z,y € X, there exists v € X such that a(x,u) > 1 and a(y,u) > 1 to
hypotheses of above theorems to assure the uniqueness of the fixed point.

Definition 1.10. ([!]) Let X be a non-empty set. A function p: X x X — [0, 00)
is said to be a partial metric on X if the following conditions hold:
(i) @ =y if and only if p(z, 2) = p(y,y) = p(z,y) ;
(i) p(z, 2) < p(z,y);
(iil) p(z,y) = p(y, ) :
(i) p(,9) < plrs ) + pl() — p(z,2). for all 2y, 2 € X.
The set X equipped with the metric p defined above is called a partial metric
space and it is denoted by (X, p) (in short PMS). Each partial metric p on X
generates a Ty topology 7, on X, which has a base of the family of open p-balls
{B,(z,e) :x € X,e >0}
Where
By(z,€) ={y € X : p(z,y) < p(x,z) + €}
forall z € X and € > 0
Example 1.11. ([12]) Let X = {[a,b] : a,b € R, a < b} and define p([a, b], [¢,d]) =
max{b, d} — min{a, c}. Then (X, p) is a partial metric space.
Example 1.12. ([12]) Let X = [0,00) and define p(x,y) = max{z,y}. Then
Then (X, p) is a partial metric space.

Lemma 1.13. ([1]) Let (X, p) be a partial metric space.
(a) A sequence {z,} in (X, p) converges to a point v € X if and only if

p(x,x) = lim p(z,, ),
n—oo

(b) A sequence {x,} in (X, p) is a Cauchy sequence if imy, ;00 P(Tn, Tp) exists
and finite ,
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(c) (X, p) is complete if every Cauchy {z,} in X converges to a point v € X,
such that

pz,x) = m}ggm (T, ) = Tim p(Tn, x) = p(z, ).

Lemma 1.14. ([11],[1],[2]) Let p be a partial metric on X, then the functions
dy, dp, - X X X = RY such that

do(z,y) = 2p(z,y) — p(x,2) — p(y, )
and

dm(xv y) :max{p(x, y) - p(l’, I)? p(l‘, y) - p(yu y>}
are metric on X. Furthermore (X,d,) and (X,d,,) are metric spaces. It is clear
that d, and d,, are equivalent.
Let (X, p) be a partial metric space. Then
(1) A sequence {x,} in (X,p) is a Cauchy sequence if and only if it is a
Cauchy sequence in the metric space (X, d,),
(2) (X, p) is complete if and only if the metric space (X,d,) is complete.
Moreover
limy, o0 dp(Tn, ) = 0 < p(z, ) = limy, 00 P(Tn, &) = My, 100 D(Tn, Tim)-
Lemma 1.15. ([10]) Assume that x, — z as n — oo in a partial metric space
(X, p) such that p(z,z) =0 Then lim,_, p(x,,y) = p(z,y) for every y € X.

Lemma 1.16. [10] If {z,} with lim,_, p(Zn, Tpny1) = 0 is not a Cauchy sequence
in (X, p), and two sequences {n(k)} and {m(k)} of positive integers such that
n(k) > m(k) > k, then following four sequences

P( (k> Trgk)+1)s P(Tmk)s Tn(k))
P(xm(k)—h xn(k)ﬂ), P(l’m(k)—h l’n(k))
tend to > 0 when k — oo

Lemma 1.17. ([13]) Let (X, p) be a partial metric space.

(1) if p(x,y) =0 thenx =y ,
(2) If x # y then p(z,y) >0

2. MAIN RESULTS

Definition 2.1. Let T be a self mapping on X and let o, 5 : X x X — [0, 00)
be a function. We say T is an o —  admissible mapping if a(z,y) > 1 and
B(x,y) > 1 implies a(Tz, Ty) > 1 and B(Tz, Ty) > 1 for all z,y € X.

Definition 2.2. Let (X, p) be a partial metric space and T': X — X be a given
self map. We say that T is a almost generalized a — 5 — ¢ — ¢ — ¥ contractive
mapping if there exists two functions a, f: X x X — [0,00) and ¢ € O, ¢, p € ¥
and L > 0 such that for all x,y € X we have

a(z, Tz)B(y, Ty)(p(Tz, Ty)) < ¥(Mi(2,y)) — e(Ma(z,y)) + LN (z, y()z))l)
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Where
Ws(a,9) = {plo ). plon T) TS, 0, g LT
and
Ms(z,y) =max{p(z,y), p(z, Tz), p(y, Ty)} (2.3)
and
N (z,y) = min{dy, (z, Tx), dp (2, Ty), dp (y, T), dn(y, Ty)} (2.4)

Definition 2.3. Let (X, p) be a complete partial metric space and T': X — X
and «a, 5 : X x X — [0,00) be the mappings.We say that X is (o — [3) regular if
{z,,} is a sequence in X such that z,, - x € X, a(x,, xp11) > 1, B(2n, Tpe1) > 1
for all n, there exists a subsequence {z,,x)} of {x,} such that a(z,w), Tor-1)) > 1,
B(ngk)s Tnk—1y) = 1 and a(z,Tx) > 1, f(x, Tx) > 1 for all k.

Theorem 2.4. Let (X, p) be a complete partial metric space and T : X — X
be self mapping. Suppose o, 5 : X x X — [0,00) be the mappings satisfying the
conditions:

(i) T is o — B admissible;

(ii) T is almost generalized o — B — 1) — p — ¥ contractive;

(iii) There exists xg € X such that a(xg, Txo) > 1 and [(xo, Txo) > 1;

(iv) T is continuous;

Then T has a fixed point.
Proof. Let xy be an arbitrary point such that a(xg, Txg) > 1 and S(xg, Tzg) > 1.
Suppose we have a sequence {z,} in X such that =, = Tz, for all n € N.

If z, = x4, for some n € N, then z, is a fixed point of 7" and the existence part
of the proof is finished. Suppose z, # z,.1 for every n € N.Since T is a — f3
admissible, so
(T, Tar) = a(w1, 22)
a(Txy,Trs) =

and using induction we have a(z,,x,+1) > 1 for all n € N. Similarly, we have
B(xp, Tpy1) > 1 for all n € N.

Now, from (2.1) we have

(xn—l, Txn—1>ﬁ(xm van)w(p(Txn—h TITL))

< YMi(Tn1,20)) — @(Ma(Tn1,20)) + LOWN (201, 20)))
(2.5)

where
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1+ P(l’n—h Txn—l)

1+ p(xn—h Txn—l)

My (xp_1,2,) =max < p(n_1, ), p(xn, Txy) p(Tp_1, Txy )

1 + /)(fn—la xn)
1 + p(xn—b mn)
1 + P(l'n—l, xn)

1 + Tp—1,Tp
7;0(1’n717$n) p( . )}

1+ p(xp_1,2y)

max{p Tno1,Tn), P(Tn, Tpi1)

max ¢ p(Zn, Tni1), p(Tn_1, xn)} (2.6)

and

MZ(xn—la xn) = maX{P(ﬂfn—b mn); P(iﬂn—l, Txn—l); P(-??m Txn))}
= max{p(Tn-1,n), P(Tn-1,Tn), P(Tn, Tp41)) }

= max{p(xn,l,a:n),p(xn,xn+1))} (27)

N (@1, ) = min{dp (2p_1, TTn_1), dom(Zn_1, T ), dop (T, TTp—1), dip (20, T) }

= min{d,(Tn—1,%n), i (Tn—1, Tni1), A (T, )y i (T, 1) }

=0 (2.8)
From (2.5), (2.6), (2.7), (2.8) and using the fact that ¥(¢) = 0 if and only if ¢ = 0,
we get that
¢(p(l’n,xn+1)) < w(max{p(xmxﬂ&l)?p(mn*hxn)}) - (P(max{p(xm*%Hl):p(wn*bxn)})
Now, if p(xp, Xpi1) > p(Tp_1,x,) then

V(p(@n; Tnt1)) < V(p(Tn, Tpt1)) — @(p(Tn, Tt1))
ie. o(p(xn,Tni1)) = 0 then p(z,, x,41) = 0 since p(t) = 0 if and ony if ¢t = 0.
which is a contradiction since p(z,, Tp+1) > 0 by lemma 1.17, therefore
P(@n, Tnt1) < p(Tn-1, Tn) (2.9)
and

V(p(Tn, Tnt1)) < Y (Pp(Tn-1,20)) — @(p(Tn-1,Tn)) (2.10)
for all n.
Then from (2.9) we get that {p(x,,z,+1) : n € N} is a decreasing sequence
of non negative real numbers. Hence it is convergent to a real number, therefore
there exists ry > 0 such that

lim p(xn’xn-‘rl) =To
n—00

Let 7o > 0. Then taking the limit n — oo in (2.10) and using the definitions
of ¢ and ¢ we get

Y(ro) < ¥(ro) — w(ro) < ¥(ro)

This is contradiction. Hence

n—oo

L+ p(wn—1,2n)

|
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Now by lemma 1.14, we have

dp(Tn; Tni1) =20(Tn; Tng1) — P(Tn, Tn) — P(Tnt1, Tngr)
=2p(p, Tni1) — Min{p(Tn, Tp), P(Tnt1, Tnt1) }
<2p(Tn, Tnt1)
Therefore by lemma 1.14,
lim dy(2n, Tpy1) =0 (2.12)

n—o0

Now, we show that {z,} is a Cauchy sequence in X i.e. We prove that

limn,m—)oo P(%m xm) = 0.
We prove it by contradiction.
Let

lim p(z,, xy,) # 0

n—o0

Then sequences in lemma 1.16 tends to g > 0, when & — oo.
So we can see that

Wm p(Zr(ky, Tage)) = 1 (2.13)

k—o0
Further corresponding to m(k), we can choose n(k) in such a way that it is
smallest integer with n(k) > m(k) > k. Then

m p(Zn k)15 Tm(k)) = 1 (2.14)

k—o0
Again,
P T (k)=1> Tnk=1)) < P(Zmk)—15 Tngk)) + P(Tngk)s Tnk)—1) — P(Tn(k), Tn(k))
Letting k£ — oo and using lemma 1.16 we get

lim P(ﬁm( k)— 1,93n(k—1)) =p (2.15)

k—o00

Again note that
dm(‘rn(k)—la xn(k)) :p(xn(k)—h In(k)) - Il'liIl{,O(In(k)_h In(k)—l)v p(xn(k)a xn(k))}
< P(ﬂfn(k)fl, xn(k))

So, referring to (2.11)
lim d (Zngk)—1, Tnky) =0 (2.16)

k—o0

Now in (2.1) replacing & by @,y and y by 2,4 respectively, we get

¢(p(xn(k)axm(k))) = 77Z}( (T:L‘n( k)— 1,T[Em( )_1))
(Tn(k n(4)- U Ty 1) B(@mr)—1, TTm(e)—1) Y (P(T Ty 15 TTmiry 1))

(M1 (T (-1, Tmir)-1)) — P(Ma(@n@)—1, Tm(r-1)) + LOWN (@n@m)—1, Tm(-1)))
(2.17)

IAIA

Where
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M (Tn(h)—15 Trm()—1) = Max {p(ﬂfn(k)b Tin(k)=1)s P(Tmr)—1: T Tm(iy—1)

L+ p(@pey—1, TTp(k)—1) }
L+ p(@nk)—1, Tm(r)—1)

L+ p(@ney—1, TTp(k)-1)
L+ p(@n(k)y—1, Tm(r)—1)

Y

P(Zn(k)—1, T T (ky—1)

L+ p(Tp(e)—1, Tn(r))
L+ p(Zn) -1, Tm(k)-1)

= nax {p(‘r”(k)—la xm(k)—l)a p(xm(k)—la xm(k))

L+ p(ZTn(k)—15 Tn(k)) }
1+ p(Tnk)—1, Tmk)—1)

P(Tn(k) =1, Tn(k)) (2.18)

Mo (Toy—1, Tinr)—1) = MaX{ (Tt -1 Ton()—1)s P Ta(e)—15 Tn()—1)s AT -1, T (i) —1) }

= maX{P(%(k)—h $m(k)—1), p(xn(k)—h Tp(k)) p(xm(k:)—la xm(k))}
(2.19)

and

N (Zn(e)—1, Tm)—1) = min{dm (Znm) -1, TTrnk)=1), m (Tn) =1, TTme) 1),
o (T k) -1 chn(k)—l)a i (T 15 TTmr)-1) }
=min{d (Tnk)—1, Tnk)) s m (Trn(k)—1, Tm(k));
(T (k)1 xn<k)), o (T (k)1 Tk) ) } (2.20)

Letting & — oo in (2.18) and (2.19) and using (2.13),(2.14), (2.15) and lemma
1.16 we get

hm M, (Tp(k)—1, Tm(k)—1) = 1 (2.21)
and .
l}g& Mo (Znk) =15 Tm(k)—1) = 1 (2.22)

Now again, Letting k — oo in (2.20) and using (2.16) we get

lim N(:En(k —1s Tm(k)— 1) =0 (223)

k—o0

Now Letting k — oo in (2.17) and using (2.21), (2.21), (2.23) and definition of
¥ we get

V() < P(p) — (p) < P(p)

This is a contradiction, Therefore

lim p(x,, xm) =0 (2.24)
,1M—00
This implies that {z,} is a Cauchy sequence in X. Thus, by lemma 1.14 this
sequence will also Cauchy in the metric space (X,d,) . In addition, since (X, p)
is complete, (X,d,) is also complete. Therefore the sequence {z,} is convergent
in the space (X, d,), say lim,_, d,(x,,u) = 0. Again from Lemma 1.13, we get
pu,u) = im p(z,,u) = lim p(x,,x,) =0
n—oo

m,n—00
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Moreover, since {z,} is a Cauchy sequence in the complete partial metric space
(X, p), it is convergent to a point z* in X.
As T is continuous, we have

" = lim z,,, = lim Tz, = Tx"
n—oo n—oo

In the following, we omit the continuity assumption of 7" in Theorem 2.4.

Theorem 2.5. Let (X, p) be a complete partial metric space and T : X — X
be self mapping. Suppose o, 5 : X x X — [0,00) be the mappings satisfying the
conditions:

(i) T is o — B admissible;

(i1) T is almost generalized o — 3 — 1p — p — ¥ contractive;

(111) There exists xg € X such that a(xg, Txo) > 1 and B(xo, Txo) > 1;

(iv) X is (o — ) regular;

Then T has a fixed point. Further if z, z; are fixed points of T with a(z,Tz) >
1, a(z1,Tz) > 1and B(z,Tz2) > 1, B(z1,T2z) > 1, then z = z.

Proof. From the proof of the Theorem 2.4, the sequence x,, defined by x,,.1 = Tx,
is Cauchy in X. Now, suppose that X is (o — ) regular. We have to show that
Tx* = x*. Assume that p(T'z*, 2*) > 0. Then as X is (o — ) regular there exists
a subsequence {x, ) } of {x, } such that a(@nw), Tnk+1)) = 1, B(@Tn): Tn+1)) > 1
and a(z,Tz) > 1, f(x,Tx) > 1 for all k.

Now in (2.1) replacing x by ) and y by 2* we get

V(p(Tn(r1), Tr")) = Y(p(Txnmy, T2"))
a(ﬂfn(k)aTJCn(k B, T2 )Y (p(Txpmy, T™))

< Y (Mi(@ag, 7)) = p(Ma(@apy, ) + LOWN (@0, 7))

IN

(2.25)
Where
M (Znry, ) = max {P(f’?n(k» P pla, o) Jlr JPF(;?Z(C/:;;Z’;()M)
P(Tnikys Tn(r)) 1 Tfjﬁi’f{;zi(f” }
= max {p(l’nww o). pla*, Ta') - J; Tﬁ?ﬁg n:(;);l)
e

and

MQ(xn(k)7 x ) maX{p( (k) L )7 p(xn(k)a T'rn(k))a P(x*, T$*)}
=max{p(Tn(k), ), P(Tnk), Tneky+1), pa”, Ta")} (2.27)
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and

N (@), ) = min{d, (@), TTnew)), A (Tng), TT), din (27, T2ps) ), din (@™, Tx™)}
= mln{dm(xn(k)u n(k)—i—l); dm('rn(k)7 T.T*), dm('r*y xn(k)-}—l)? dm(x*7 Tx*)}

(2.28)
Now, taking k — oo in (2.26), (2.27) and ((2.28) we get
klggoM 1(Znw), 7)) = p(z*, Tz") (2.29)
and
B Mo (g, 2%) = p(a*, Ta") (2.30)
and
lim N (2,0, %) = 0 (2.31)

k—o0

Now, taking & — oo in (2.25) and using (2.29), (2.30), (2.31) and definitions
¥, ¢ and ¥ we get

Y(p(z™, Tx")) < Y(p(z*, Tx")) — p(p(z*, Tx")) < Y(p(z*, Tx"))

which is a contradiction. Therefore Tx* = x* i.e. x* is a fixed point.
Further, suppose * and y* be two fixed point of T' such that a(z*,y*) > 1,
B(z*,y*) > 1 and p(x*,y*) > 0 then replacing = by x* and y by y* in (2.1) we get

V(p(z™,y")) = Y(p(Tz", Ty")) < a(a: Tx")B(y", Ty )p(Tx", Ty")
<YMy (2%, y7)) — e(Ma(z®, y*)) + LION (z*, y*)))

(2.32)
Where
- * % * % * * 1+px*7T:U*) * * 1+p£L'*,T$*
W) =max {pta, 7)oty Ty ) AT o ) LA
) 239

and

Ma(a*,y*) =max{p(z*,y*), p(a*, Ta*), p(y*, Ty")}
=max{p(z",y*), p(z*, 2*), p(y*,y")}

and
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N(z*,y*) = min{d,, (z*, Tz"), dp (2", Ty*), d(y*, Tx*), d(y*, Ty*) }
= min{d,, (", 2%), dm (2", ¥"), dm (y", ), da (y*, y") }
0 (2.35)

putting (2.33), (2.34), (2.35) in (2.32) and using the fact that ¢ (¢) < ¢ for ¢t > 0
and J(t) = 0 if and only if ¢t = 0, we get

Y(p(z™,y")) < Ylp(x™,y")) — plp(z®,y")) < d(p(z*,y"))

which is a contradiction. Hence 7" has a unique fixed point. This completes
the proof. O

Following are consequences of the theorems.

Corollary 2.6. Let (X, p) be a complete partial metric space. T : X — X be
self-mapping satisfying the condition

Y(p(Tx, Ty)) < U(p(z,y)) — p(p(x,y)) + LN (2,y)) (2.36)
Forallz,ye X, L>0,¢,0 €V and
N (z,y) = min{d,,(x, Tx), dp(x, Ty), dn(y, Tz), dn(y, Ty)} (2.37)

Then T has a unique fixed point in X .

Corollary 2.7. Let (X, p) be a complete partial metric space. T : X — X be
self-mapping satisfying the condition

U(p(Tw, Ty)) < Y(M(z,y)) — p(M(z,y)) (2.38)
Forall x,y e X, ¢, p €V and
Where
Mo, ) = { gt ), ot T PSS

Then T has a unique fized point in X.

Example 2.8. Let X = [0,00) and p(z,y) = max{x,y}. Then (X, p) is a
complete partial metric space. Consider the mapping 7" : X — X defined by

[B—% r>1
T(x): % 0<xr<1 (2.39)
0 z <0

and 1,9 : [0,00) — [0, 00) be such that ¥ (t) = t, p(t) = & and J(t) = ¢ for all
t > 0. If we define the functions o, 5 : X x X — [0,00) as

3 0,1
ale,y) =42 “YE [. -1 (2.40)
o otherwise
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and

Be,y) = {} %y € [0,1] (2.41)

3 otherwise

Without loss of generality we assume that > y. Then for z,y € [0, 1] we get

o, Tw)B(y, Ty)(p(Ta, Ty)) = ale, 5)B. v(p(5. 3))
3 x T
= §(§) =3 (2.42)
On the other side
Mi(z,y) =max {p(m’,y)m@fzx)%m(%”)%}
B y 14 p(z, %) r 1+ p(,3)
= mnax {p(l’, y)a p(y, 5) 1+ p(x’y) ) ($, g) 1+ p(x’y) }
- (2.43)
and
Mo(z,y) =max{p(z,y), p(z, Tz), p(y, Ty)}
=max{p(z,y), (e, 5). p(y, 5)}
= (2.44)
and
N(m, y) = min{d,,(z, Tx), dy(z, Ty), dp(y, Tx),dn(y, Ty)}
= min{dy,(z. ). dua(. 5). du(y. 7). d(y. 3)} (2.45)

Therefore from (2.43) and (2.44) we get

b(Mi(z,y)) — p(Ma(z,y)) + LOWN (2,3))) = ¢(x) — () + LOWN (2,y)))
=7 — %+L(/\7(m,y))

€T ~
= 4 LW (ry) (2.46)
Now since L(N(x,y)) = L(min{d,,(z, ) dm(2,%),dm(y, 5), dn(y,%)}) > 0 for all
z,y € X, and From (2.42) and (2.46) it is clear that it satisfies all the conditions

of Theorem 2.4. Hence T has a fixed point, which in this case is 0.
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