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NEW TYPE OF RESULTS INVOLVING CLOSED BALL WITH
GRAPHIC CONTRACTION

AFTAB HUSSAIN,MUHAMMAD ARSHAD, MUHAMMAD NAZAM, SAMI ULLAH KHAN

ABSTRACT. The aim of this paper is to establish Cirié type fixed point results
for multi-valued mappings satisfying generalized a-i-contractive conditions
on closed ball in complete metric space. As an application, we derive some
new fixed point theorems for Cirié type 1-graphic contractions and rational -
graphic contractions defined on metric space endowed with a graph as well as
ordered metric space. Examples has been constructed to demonstrate the nov-
elty of our results. Our results unify, extend and generalize several comparable
results in the existing literature.

1. INTRODUCTION

In metric fixed point theory the contractive conditions on underlying functions
play an important role for finding solution of fixed point problems. Banach con-
traction principle [I1] is a fundamental result in metric fixed point theory. In 1969,
Nadler [25], introcuced a study of fixed point theorems involving multivalued map-
pings and proved that every multivalued contraction on a complete metric space
has a fixed point.

In 2012, Samet et al. [30] introduced the concepts of a-i-contractive and a-
admissible mappings and established various fixed point theorems for such map-
pings in complete metric spaces. Afterwards, Hussain et al. [I7], generalized the
concept, of a-admissible mappings and proved fixed point theorems. Subsequently,
Abdeljawad [I] introduced a pair of a—admissible mappings satisfying new sufficient
contractive conditions different from those in [17, 80], and obtained fixed point and
common fixed point theorems. Salimi et al. [29], modified the concept of o — 1)—
contractive mappings and established fixed point results. Recently, Hussain et al.
[18] proved some fixed point results for single and set-valued « — 7 — 1-contractive
mappings in the setting of complete metric space. Mohammadi et al. [24], intro-
duced a new notion of o — ¢—contractive mappings and show that this is a real
generalization for some old results. Then a lot of generalization of multivalued
mappings has been given in the literature. Over the years, it has been generalized
in different directions by several mathematicians(see [I]-[30]).
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Denote with ¥ the family of nondecreasing functions ¢ : [0,4+00) — [0, +00)
such that > ° 9™ (t) < oo for all t > 0, where ¥" is the n-th iterate of 9.
The following lemma is well known.

Lemma 1.1. [I6] If v € U, then the following hold:

(i) (4™ (t))nen converges to 0 as n— oo for all ¢ € (0, +00)

(i) ¥(t) < tforallt >0

(i) ¥ (t) = 0 iff t = 0.

Samet et al. [30] defined the notion of a-admissible mappings as follows:
Definition 1.2. [30]. Let (X,d) be a metric space and T : X — X be a given

mapping. We say that T is an o — ¢— contractive mapping if there exist two
functions o : X x X — [0,4+00) and ¢ € U such that

o(z,y)d(Tz, Ty) < ¢(d(z,y)),
forallz,y e X.

Definition 1.3. [30]. Let T : X — X and o : X x X — [0,400). We say that T
is a-admissible if v,y € X, a(z,y) > 1 = o(Tz,Ty) > 1.

Theorem 1.4. [30]. Let (X,d) be a complete metric space and T be c-admissible
mapping. Assume that

a(z,y)d(Tz,Ty) < ¢(d(z,y)) (1.1)
for all x,y € X, where ¢ € V. Also, suppose that;

(i) there exists xg € X such that a(xg, Txo) > 1;
(ii) either T is continuous or for any sequence {x,} in X with a(z,,Tp41) > 1
for alln € N and x,, — x as n — 400, we have a(x,,x) > 1 for alln € N.
Then T has a fized point.

Ciri¢ [13], introduced quasi contraction, which is one of the most general con-
traction conditions.

Definition 1.5. Let (X, d) be a metric space and T : X — X be a given mapping.
We say that T is generalized a—1— contractive mapping if there exist two functions
a: X xX —[0,+00) and ¢ € U such that

a(z,y)d(Tz, Ty) < p(M(z,y)),

where

M(x,y) = max {d(:c, y),d(x, Tx),d(y, Ty),

forallz,y € X.

d(y, Tx) + d(z, Ty) }
5 :

Definition 1.6. Let (X, d) be a metric space and T : X — X be a given mapping.
We say that T is generalized a—1— contractive mapping if there exist two functions
a: X XX —[0,400) and ¢ € U such that

a(z,y)d(Tz, Ty) < p(N(z,y)),

where

N(z,y) = max {d(z,y),

forallxz,y € X.

d(z,Tz) +d(y, Ty) dy,Tx)+ d(z,Ty) }
2 ’ 2 '
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Afterwards, Asl et al. [27] generalized these notions by introducing the concepts
of a, — 9 contractive multifunctions, a,-admissible and obtained some fixed point
results for these multifunctions.

Definition 1.7. [27]. Let (X, d) be a metric space, T : X — 2% be a given closed-
valued multifunction. We say that T is called o, — - contractive multifunction if
there exists two functions o : X x X — [0,+00) and ¢ € U such that

Ok (Txv Ty)H(Tx, Ty) < w(d(x’ y))

forallz,y € X, where H is the Hausdorff generalized metric, (A, B) = inf{a(a,b) :
a € A,b € B} and 2% denotes the family of all nonempty subsets of X.

Definition 1.8. [27]. Let (X,d) be a metric space, T : X — 2% be a given
closed-valued multifunction and o : X x X — [0,+00). We say that T is called
. —admissible whenever a(x,y) > 1 implies that o, (Tx, Ty) > 1.

Very recently Hussain et al. [I8] modified the notions of a.-admissible and -
1-contractive mappings as follows;

Definition 1.9. [16] Let T : X — 2% be a multifunction, o, n: X x X — R, be
two functions where 1 is bounded. We say that T is a,-admissible mapping with
respect to n if

a(z,y) > n(x,y) implies oa.(Tz,Ty) > n.(Tz,Ty), z,yeX

where
ay,(A,B) = inf a(z,y)and n.(A,B) = su T,7).
A4, B) =, jnf_po@y)endn.(4,B)= s n(zy)
If, n(xz,y) =1 for all x,y € X, then this definition reduces to Definition 3. In case
a(z,y) =1 for all z,y € X, then T is called n,-subadmissible mapping.

Hussain et al. [I8] proved following generalization of the above mentioned results
of [27].

Theorem 1.10. [16] Let (X,d) be a complete metric space and T : X — 2% be a
. -admissible with respect to n and closed valued multifunction on X. Assume that

fory €U,
Vo, y € X, a.(Tx, Ty) 2 nu(Ta, Ty) = H(Tz, Ty) < (d(z,y)) (1.2)
Also suppose that the following assertions holds:

(i) there exists g € X and x1 € Tz such that a(xg, 1) > n(xo, 21);
(i) for a sequence {x,} C X converging tox € X and a(xp, Tnt1) > N(Tn, Tni1)
for allm € N, we have a(zy,x) > n(xn,x) for alln € N.

Then T has a fixed point.

Let (X,d) be a complete metric space, zop € X and r > 0. We denote by
B(zg,r) = {z € X : d(zg,z) < r} the open ball with center xy and radius r
and by B(zg,r) = {x € X : d(xo,z) < r} the closed ball with center xy and radius
T.

The following lemmas of Nadler will be needed in the sequel.

Lemma 1.11. [25] Let A and B be nonempty, closed and bounded subsets of a
metric space (X,d) and 0 < h € R. Then, for every b € B, there exists a € A such
that d(a,b) < H(A, B) + h.
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Lemma 1.12. [] Let (X,d) be a metric space and B be nonempty, closed subsets
of X. and q > 1. Then, for each v € X with d(xz,B) > 0 and q > 1, there exists
b € B such that d(x,b) < ¢d(z, B).

2. MAIN RESULT

In this section, we prove some fixed point results for multi-valued mappings
satisfying Ciri¢ type generalized a -1-contractive condition on the closed ball, is
very useful in the sense that it requires the contractiveness of the mapping only on
the closed ball instead of the whole space.

Theorem 2.1. Let (X,d) be a complete metric space and T : X — 2% be an
a,-admissible closed valued multifunction on X. Assume that for ¢ € U, such that

a.(Tz, Ty)H(Tz, Ty) < (M (z,y)) (2.1)

where

Ma,y) = max {dlo. ) e, Ta) dty. 7). S0

d(y, Tx) + d(z,Ty) }

for all v,y € B(xg,r) and xg € X, there exists x1 € Tz such that
Zwi(d(mo,xl)) <r (2.2)
i=0

for alln € N and r > 0. Also suppose that the following assertions hold:

(i) a(xzg,z1) > 1 for zo € X and x1 € T'xp;

(ii) T is continuous or for any sequence {x,} in B(zg,r) converging to x €
B(zg,r) and a(xn, zp41) > 1 for all n € Nyjwe have a(z,,x) > 1 for all n € N.
Then T has a fixed point.

Proof. Since a(zg,z1) > 1 and T is a.-admissible, so a.(Tzg,Tz1) > 1. From

(2.2), we get

It follows that,
x1 € B(xg,T).

If 29 = x1, then finished. Assume that x¢ # x;. By Lemmas 1 and 11, we take
xy € Ty and h > 0 as h = ¥?(d(zg,x1)). Then

0 < d(ifl,fl,'g) SH(T%(),T$1)+h
< P(M(xo,21)) +9*(d(z0, 21)).

Now
T T
Mioo,as) = max {doo. o), dan, Tao), dos Ty, 20 T2 L o L]}
T
= maX{d($07l‘1),d(x17Tx1)7W}
< max {d(xo, 1), d(z1, Ta), d(wg, 1) +2d(9c1, Txq) }
< maX{d(ﬁCo,l'l),d(IL'l,Txl)}
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If M(xg,21) = d(x1,Txz1) then,
0 < d(acl,Txl) < H(T.’Eo,T$1)+h

< (d(ay, Tey)) + 4 (d(o, 1))
< d(ml,T:ﬂl),

which is contradiction. Therefore M (zq, 1) = d(zg, 1), we have
0 < d(l‘hxg) < H(Tmo,Tx1)+h
< ¥(d(wo,x1)) +9*(d(wo,71))

2

= ZW (zg,21)) < T

Note that zo € B(xg,r), since
d(xg,z2) < d(zo, 1)+ d(z1,72)
d(xo, 1) + ¥ (d(x0, 21)) + ¢ (d(zo, 1))
2
Zz/)’ (zo,21)) < T

i=0

IN

~.

By repeating this process, we can construct a sequence x,, of points in B(xg, ) such
that 41 € Ty, Ty # Tn-1, @(Tp, Tpe1) > 1 with

n+1
A tns1) < 0 (d(wo,m0)). (2.3)
i=1
Now for each n,m € N with m > n using the triangular inequality, we obtain
m—1
Ad(Tp, Tm) < Z (g, Tpt1) Zw (zo,21)) (2.4)
k=n

Thus we proved that {x,} is a Cauchy sequence. Since B(z,r) is closed. So there
exists * € B(xg,r) such that x,, — z* as n — oo. Now we prove that a* € Tz*.
Since T is continuous, then
d(z*,Tz*) < lim d(zpy1,T2*) < lim H(Tz,,Tz") =0 (2.5)
n—oo

n— oo

Thus z* € Tz*. On the other hand, assume that a(x,,z*) > 1 for all n and T is
as-admissible, so o, (Tx,, Tx*) > 1 for all n. Then

d(z*,Tz*) < Tz, Tx*)H(Txy, Ta")+ d(xy,x*)
< Y(M(zn,x7)) + d(zn, 27)
< Ypd(@*, Tx*)) + d(xp, ™).
For sufficiently large n. Hence d(x*, Tz*) = 0. Thus z* € Tz*. O

Corollary 2.2. Let (X,d) be a complete metric space and T : X — 2% be an
a-admissible and closed valued multifunction on X. Assume that for ¢ € U,

a.(Tz, Ty)H(Tz, Ty) < (N (z,y)) (2.6)

where

)

N(z,y) = max {d(z, Y), d(z,Tx) + d(y, Ty) d(y, Tz) +d(z, Ty) }

2 ’ 2
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for all x,y € B(xg,r) and for xg € X, there exists x1 € Txo such that
Zwi(d(xo7x1)) <r
i=0

for alln € N and and r > 0. Also suppose that the following assertions hold:

(i) azg,x1) > 1 for zy € X and x; € Txo;

(ii) T is continuous or for any sequence {z,} in B(zg,r) converging to z €
B(zg,r) and a(xy, zp41) > 1 for all n € Nywe have oz, x) > 1 for all n € N.
Then T has a fixed point.

Example 2.3. Let X = [0,00) and d(z,y) = |z — y|. Define the multi-valued
mapping T : X — 2% by

_— { 0.5 iz e [0.1]
[, +1] if x € (1,00)

Considering, xo = 5 and x1 = &, r = %, then B(wg,r) = [0,1] and

_ [ Lifz,ye(o,1
a(z,y) = { % otherwise.

Clearly T is an a-t)-contractive mapping with ¢(t) = £. Now

1
d(x()vxl):g

. Ien 1 1. 1

;w (d(mo,xl))—6;37<2(6)—§—r.

We prove that conditions of our Theorem are satisfied only for z,y € B(xzg,r).
Without loss of generality, we suppose that x < y. We suppose that x < y. Then

(T, T (T, Ty) = 5ly —al = Y(d(w,v) < $(M(z,1).

Put zg = % and z1 = %. Then a(zg,z1) > 1. Then T has a fixed point 0.

Now we prove that the contractive condition is not satisfied for x,y & B(zo, 7).
We suppose x = 2 and y = 3, then

= (M (z,y)).

Similarly we can deduce the following Corollaries.

NGV
Wl

ax(Tz, Ty)H(Tz, Ty) = = >

Corollary 2.4. [16] Let (X,d) be a complete metric space and T : X — 2% be an
a,-admissible and closed valued multifunction on X. Assume that for ¢ € U,

o (Tz, Ty)H(Tz, Ty) < ¢(d(z,y))

for all x,y € B(xg,r) and for xg € X, there exists x1 € Txg such that

Zwi(d(ajo,xl)) <r

for alln € N and and r > 0. Also suppose that the following assertions hold:
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(i) a(xg,z1) > 1 for zp € X and 21 € Txyp;

(ii) for any sequence {z,, } in B(zq,r) converging to z € B(zg,r) and a(Tp, Tny1) >
1 for all n € N,we have a(x,,z) > 1 for all n € N.
Then T has a fixed point.

Theorem 2.5. Let (X,d) be a complete metric space and T : X — 2% be an
ax-admissible and closed valued multifunction on X. Assume that for ¢ € U, we
have
where
d(z, Tz)d(y, Ty) d(z,Tz)d(y, Ty)
14+d(z,y) = 14d(Tz,Ty)
for all x,y € X. Also suppose that the following assertions hold:
(i) there exists xg € X and x1 € Txo with a(zg,x1) > 1;
(i) T is continuous or for any sequence {x,} in B(xo,r) converging to x €
B(zo,7) and a(zy, Xny1) > 1 for all n € N, we have a(zy,x) > 1 for alln € N.
Then T has a fized point.

Q(x,y) = max{d(z,y),d(y, Ty),

b

Proof. Since a(zg,x1) > 1 and T is a,-admissible, so . (Txg, Tx1) > 1. If 29 = 21,

then we have nothing to prove. Let xg # x1. If z1 € Tz, then x; is fixed point of

T. Assume that z; ¢ Ty, then from (2.7)), we get

0 < d(z1,Tz1) < HTxo,T1)

d(xo, Tx)d(x1,Tx1) d(xo, Txo)d(x1,Tx1)
1+ d(zo,x1) " 1+d(Txo,Tx)

< p(max{d(xo,z1),d(x1,T21),

< Y(max{d(zg,z1),d(x1,Tx1)}).

If max{d(z1,Tx1),d(zo,21)} = d(x1, Tx1), then d(z1,Tx1) < (d(x1,Tx1)). Since
¥ (t) < tforallt > 0. Then we get a contradiction. Hence, we obtain max{d(z1,Tz1),d(xo,z1)} =
d(Io, .Tl). So

)

d(l‘l,Tl‘l) S ’Qb(d(xo,.%‘l))
Let ¢ > 1, then from Lemma [1.12| we take x5 € T'x; such that

d(z1,29) < qd(x1,Tx1) < qp(d(xo,x1)).- (2.8)

It is clear that zy # x9. Put ¢, = %. Then q; > 1 and a(z1,z2) > 1.

Since T is a,-admissible, so a.(Tx1,Tz2) > 1. If 29 € Txo, then x5 is fixed point

of T. Assume that x9 & Txo. Then from (2.7), we get

0 < d(ze,Txe) < aw(Tay,Taxo)H(Tx1,Txs)

d(l‘l, Txl)d(ﬂj27 Tl‘g) d(l‘l, Txl)d(zg, TSCQ)
1+d(z1,z2) 1 +4+d(Tz,Tzo)

IN

Y(max{d(z1,x2), d(z2, Tr2),

< Y(max{d(z1,x2),d(x2, Tx2)}).

If max{d(za, Tx2),d(x1, 22)} = d(z2, Tx2), we get contradiction to the fact d(xq, Ta2) <
d(xzo,Tx2). Hence we obtain

max{d(xq, Txs),d(x1,22)} = d(x1, z2).

So d(z2,T'z2) < 9(d(xy1,x2)). Since ¢1 > 1, so by Lemma 12 we can find z3 € Txs
such that

)

N

d(z2,23) < qud(x2, Tx2) < qrip(d(xy, x2)).
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d(w2,73) < qup(d(w1,22)) < quip(d(w1,22)) = P(q(d(z0,71)))- (2.9)

It is clear that xo # z3. Put qo = %. Then g2 > 1 and a(zg,z3) > 1.
Since T is ai-admissible, so o, (T'ze, Tx3) > 1. If x5 € Tx3, then x3 is fixed point

of T. Assume that x3 & Tx3. From (2.7)), we have

0 < d(zs,Tzs3) < an(Txg, Trs)H(Txy, Txs)
d($2,Tl‘2)d(l‘3,Tl‘3) d(l‘g,T.rg)d(Z‘?,,TJZg)

< T
< Y(max{d(zz,x3),d(x3, Tr3), 1+ d(za, 23) "1+ d(Txa, Tag) }
<  Y(max{d(ze,xs),d(xs, Tx3)}).

If max{d(zs,Tx3),d(x2,23)} = d(x3,Txz3). Then we get a contradiction. So

max{d(zs,Tx3),d(x2,x3)} = d(x2,23). Thus
d(z3, Tr3) < (d(x2,73)).
Since g2 > 1, so by Lemma [1.12| we can find x4 € Tx3 such that
d(w3,x4) < qod(w3, Twz) < g2ip(d(a, 23)) = ¢ (qp(d(x0, 21))). (2.10)

Continuing in this way, we can generate a sequence {z,, } in X such that z,, € Tx,,_1
and x, # T,_1, and

d(-%'m $n+1) < 1#”_1((11#(07(%07 xl))) (2-11)
for all n. Now, for each m > n, we have
m—1 m—1
A0, 1) <Y d(wi,wig1) < Z V(e (d(o, 21))).

This implies that {x,} is a Cauchy sequence in X. Since X is complete, there exists
z* € X such that x,, — x* as n —> 0o. We now show that x* € Tz*. Since T is
continuous, then
d(z*,Tx*) < lim d(xp41,T2*) < lim H(Tx,,Tz*) = 0.
n—oo

n—oo

Thus 2* € Ta*. On the other hand. Since a(z,,z*) > 1 for all n and T is
a.—admissible, so a,(Tx,, Tx*) > 1 for all n. Then, we have

d(z*,Tz*) < a(Txn,Ta*)H(Tx",Txy) + d(z,, ")

d(xp, Tep)d(x*, Tx*) d(x,, Te,)d(x*, Tx*)

(
< d 7l’ * 7 ) )
< Y(max{d(zn, 27), d(zn, Ty), d(z", Tz")}) + d(zn, %)
taking limit as n — oo, we get d(z*,Tx*) = 0. Thus z* € T'z*. O

Example 2.6. Let X = [0,1] and d(z,y) = |z — y|. Define T : X — 2% by
Tz =[0,%] for allz € X and

1 .
[ e Fy
o(,9) { life=y.
Then a(z,y) > 1 = o*(Tz,Ty) = inf{a(a,b) : a € Tx,b € Ty} > 1. Then clearly
T is o -admissible. Now for x,y and © <y, it is easy to check that

o (Tx, Ty)H(Tz, Ty) < (Q(x,y))

}) + d(wn,

x*)
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where

Qi) = max{d(o. )y Ty), DA AT,

and Y(t) = %, for allt > 0. Put z9 =1 and 1 = %. Then a(xg,x1) =3 > 1. Then
T has fized point 0.

Corollary 2.7. Let (X,d) be a complete metric space and T : X — X be an
a-admissible mapping. Assume that for ¢ € U, we have
a(Tz, Ty)d(Tz, Ty) < p(Q(z,y)), (2.12)
where
d(x, Tx)d(y, Ty) d(z, Tx)d(y, Ty)
1+d(z,y) °~ 14+d(Tz,Ty)
for all x;y € X. Also suppose that the following assertions hold:

Q(z,y) = max{d(z,y),d(y, Ty) }

Theorem 2.8. (i) there ezists xg € X with a(zg,Txo) > 1;

(i) for any sequence {x,} in B(xg,r) converging to x € B(xo,7) and a(Ty, Tpi1) >
1 for alln € N, we have a(xy,x) > 1 for alln € N.
Then T has a fized point.

3. FIXED POINT RESULTS FOR GENERALIZED CIRIC TYPE GRAPHIC
CONTRACTIONS

Consistent with Jachymski [20], let (X, d) be a metric space and A denotes the
diagonal of the Cartesian product X x X. Consider a directed graph G such that
the set V(G) of its vertices coincides with X, and the set E(G) of its edges contains
all loops, i.e., E(G) 2 A. We assume G has no parallel edges, so we can identify G
with the pair (V(G), E(G)). Moreover, we may treat G as a weighted graph (see
[20]) by assigning to each edge the distance between its vertices. If x and y are ver-
tices in a graph G, then a path in G from z to y of length N (N € N) is a sequence
{x;}¥, of N + 1 vertices such that o = 2, y = y and (z,_1,7,) € E(G) for
i=1,...,N. A graph G is connected if there is a path between any two vertices. G
is weakly connected if G is connected(see for details [12] [I5] 19} 20]).

Definition 3.1. [20] We say that a mapping T : X — X is a Banach G-contraction
or simply G-contraction if T preserves edges of G, i.e.,

Vo ,y € X((z,y) € E(G) = (T(x), T(y)) € E(G)) (3.1)
and T decreases weights of edges of G in the following way:
3k €10,1),vx .y € X((z,y) € E(G) = d(T(x), T(y)) < kd(z,y))

Definition 3.2. [20] A mapping T : X — X is called G-continuous, if given x € X
and sequence {x,}

Ty = xasn — 00 and (Ty,Tni1) € E(G) for all n € N imply Tx,, — Tx.

Theorem 3.3. Let (X, d) be a complete metric space endowed with a graph G and
T be a self-mapping on X. Suppose the following assertions hold:

(i) Vo .y € X, (z,9) € B(G) = (T(x), T(y)) € E(G);

(i) there exists xo € X such that (zg,Tzo) € E(G);
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(ili) there exists ¢ € U such that
d(Tz, Ty) < P(M(z,y))
for all (z,y) € E(G) where

I

M(z,y) = max {d(m, y), d(z, Tz), d(y, Ty), d(y, Tz) + d(z, Ty) }

2

(iv) if {zn} is a sequence in X such that (T, xnt1) € E(G) for alln € N and
Tp — T as N — 400, then (z,,x) € E(G) for alln € N.

Then T has a fized point.

1, if (x,y) € E(GQ)
0, otherwise

prove that T is an a-admissible mapping. Let, a(z,y) > 1, then (z,y) € E(G).
From (i), we have, (T'z,Ty) € E(G). That is, a(Tz,Ty) > 1. Thus T is an a-
admissible mapping. From (ii) there exists o € X such that (z¢,Tz¢) € E(G).
That is, a(xg,Tzo) > 1. If (z,y) € E(G), then (Tx,Ty) € E(G) and hence
a(Tz,Ty) = 1. Thus, from (iii) we have o(Tz,Ty)d(Tz,Ty) = d(Tx,Ty) <
(M (z,y)). Condition (iv) implies condition (ii) of Theorem 15. Hence, all condi-
tions of Theorem 15 are satisfied and T has a fixed point. ([

Proof. Define, a : X2 — [0, 4+00) by a(x,y) = { . At fist we

Theorem 3.4. Let (X, d) be a complete metric space endowed with a graph G and
T be a self-mapping on X. Suppose the following assertions hold:

() Vo ,y € X, (z,y) € BE(G) = (T(z),T(y)) € E(G);
(i) there exists xg € X such that (zg,Txzo) € E(G);
(ili) there exists ¢ € U such that
d(Tz, Ty) < $(Q(x,y))
for all (z,y) € E(G) where
d(z, Tz)d(y, Ty) diw, Tr)dly, Ty),.
l+d(z,y) ~ 1+d(Tx,Ty)
(iv) if {xn} is a sequence in X such that (z,,xny1) € E(G) for alln € N and
Ty, — T as n — +00, then (z,,z) € E(GQ) for alln € N.
Then T has a fized point.

Q(z,y) = max{d(z,y),d(y, Ty),

Corollary 3.5. Let (X,d) be a complete metric space endowed with a graph G and
T be a self-mapping on X. Suppose the following assertions hold:

(i) T is Banach G-contraction;
(ii) there exists xg € X such that (xg,Txo) € E(G);
(iii) if {xn} is a sequence in X such that (zy,2n11) € E(G) for alln € N and
Tp — T as n — 400, then (zn,x) € E(G) for alln € N.
Then T has a fized point.

Let (X, d, <) be a partially ordered metric space. Define the graph G by
EG)={(z,y) e X x X :z <y}
We derive following important results in partially ordered metric spaces.

Theorem 3.6. Let (X, d, =) be a complete partially ordered metric space and T be
a self-mapping on X. Suppose the following assertions hold:
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(i) T is nondecreasing map;
(ii) there exists g € X such that z¢ < Tzp;
(iii) there exists ¢ € ¥ such that
d(Tz,Ty) < (M (z,y))

for all x =< y where

I

d(y, Tz) + d(z, Ty) }

Ma,y) = ma { o, ), do ), 7), T2

(iv) if {x,,} is a sequence in X such that z, < x,4; for all n € N and z,, — «

as n — +o0o, then x,, < x for all n € N.

Then T has a fixed point.

Theorem 3.7. Let (X,d, =) be a complete partially ordered metric space and T be
a self-mapping on X. Suppose the following assertions hold:

(i) T is nondecreasing map;
(ii) there exists xg € X such that z¢ < Txp;
(iii) there exists ¢ € ¥ such that

d(Tz, Ty) < ¥(Q(x,y))
for all x < y where

d(x, Tz)d(y, Ty) d(z,Tz)d(y, Ty)
1+d(z,y) = 1+dTz,Ty)

Q(x,y) = max{d(z,y),d(y, Ty), %

(iv) if {z,,} is a sequence in X such that z,, < x,4; for all n € N and x,, = «

as n — +oo, then z,, <z for all n € N.
Then T has a fixed point.

Corollary 3.8. [26] Let (X, d, =) be a complete partially ordered metric space and
T : X — X be nondecreasing mapping such that

d(Tz,Ty) < rd(z,y)

for all x,y € X with v <y where 0 < r < 1. Suppose that the following assertions
hold:

(i) there exists ¢y € X such that zg < Txo;
(ii) if {x,} is a sequence in X such that z, < z,41 for all n € N and z,, — «
as n — +oo, then z,, <z for all n € N.

Then T has a fixed point.
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