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Abstract. In this paper, first of all we prove a fixed point theorem for v ,-weakly con-
tractive mapping. Next, we prove some common fixed point theorems for a pair of weakly
compatible self maps along with E.A. property and (CLR) property. An example is also

given to support our results.

1. INTRODUCTION

Dhage [4, 5] introduced a new class of generalized metric spaces named
D-metric spaces. Mustafa and Sims [7, 8] proved that most of claims con-
cerning the fundamental topological structures are incorrect and introduced
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appropriate notion of generalized metric spaces, named G-metric spaces. In
fact, Mustafa, Sims and other authors proved many fixed point results for self
mapping under certain conditions in [7, 8, 9] and in other papers [2, 10, 13, 14].

2. PRELIMINARIES

We give some definitions and their properties for our main results.

Definition 2.1. Let X be a nonempty set and G : X® — R, be a function
satisfying the following properties:

(i) G(z,y,2) =0ifx =y = 2,

(i) 0 < G(z,x,y) for all z,y € X with = # y,
(i) G(z,y,y) < G(z,y,z2) for all z,y,z € X with z # y,
(iv) G(z,y,2) = G(y,z,x) = --- ( symmetry in all three variables),
(v) G(z,y,2) < G(z,a,a) + G(a,y,z) for all z,y,z,a € X (triangle in-
equality).
The function G is called a G-metric on X and (X, G) is called a G-metric
space.

\%

Remark 2.2. Let (X,G) be a G-metric space. If y = z, then G(z,y,y) is
a quasi-metric on X. Hence (X,Q) is a G-metric space, where Q(z,y) =
G(z,y,y) is a quasi-metric and since every metric space is a particular case of
quasi-metric space, it follow that the notion of G-metric space is a generaliza-
tion of a metric space.

Lemma 2.3. ([7]) Let (X, G) be a G-metric space. Then the function G(z,y, z)
1s jointly continuous in all three of its variables.

Definition 2.4. Let (X,G) be a G-metric space. A sequence {z,} in X is
G-convergent if for € > 0, there exists x € X and k£ € N such that for all
m,n >k, G(x,z,, ) <e€.

Lemma 2.5. ([7]) Let (X, G) be a G-metric space. Then the following condi-
tions are equivalent.
(i) {xn} is G-convergent to x,
(ii) G(zp, zp,x) = 0 asn — oo,
(iii) G(xp,z,z) = 0 as n — oo,
(iv) G(zp,Tm,x) = 0 as n,m — oo.

Jungck [6] introduced the new notion of weakly compatible maps as follows:

Definition 2.6. Let f and g be two self-mappings of a metric space (X, d).
Then a pair (f,g) is said to be weakly compatible if they commute at coinci-
dence points.
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In 2002, Aamri and Moutawakil [1] introduced the notion of E.A. property
as follows:

Definition 2.7. Let f and g be two self-mappings of a metric space (X, d).
Then a pair (f,g) is said to satisfy E.A. property if there exists a sequence
{zy} in X such that lim,_, fx, = lim, o gz, =t for some t € X.

In 2011, Sintunavarat and Kumam [12] introduced the notion of (CLR)
property as follows:

Definition 2.8. Let f and g be two self- mappings of a metric space (X, d).
Then a pair (f, g) is said to satisfy (CLRy) property if there exists a sequence
{zp} in X such that lim,_,c fz, = lim, o0 gz, = fz for some z € X.

3. MAIN RESULT

In this section, we give a new notion of I o~weakly contractive mapping
and prove a fixed point theorem for a single map in G-metric spaces. Also,
common fixed point theorems for a pair of weakly compatible maps along with
E. A. property and (CLR) property are proved.

Definition 3.1. Let (X,G) be a G-metric space and ¢ : [0,00) — [0, 00)
be a Lebesgue integrable mapping. A mapping T : X — X is said to be
P I o~weakly contractive if for all z,y, z in X,

o[ o ottrir) <o | e ottyit) o | o olt)it). (3.1

where 1 : [0,00) — [0,00) is a continuous and non-decreasing function and
¢ : [0,00) — [0,00) is a lower semi-continuous and non-decreasing function

such that ¢(t) = 0 = (¢) if and only if ¢t = 0.

Theorem 3.2. Let (X,G) be a complete G-metric space and T : X — X
is Yy ,~weakly contractive mapping, where ¢ : [0,00) — [0,00) is a Lebesgue
integrable mapping which is summable, non-negative and such that

/0 " o(t)dt > 0, (3.2)

for each € > 0 and v : [0,00) — [0,00) is a continuous and non-decreasing
function and ¢ : [0,00) — [0,00) is a lower semi-continuous and non-decreasing
function such that ¢p(t) = 0 = 1(t) if and only if t = 0. Then T has a unique
fixed point.
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Proof. Let xyp € X be an arbitrary point and choose a sequence {z,} in X
such that z, = Tx,_; for all n > 0. From (3.1), we have

G(Tnt1,Tnan) G(Trn,Ton-1,TTn_1)
o7 ) = [ rioe)
G(-’En,mnflazn*l)
<ol [ o(0ar)
0
G(Z‘n,ﬁn—lyxn—l)
_ ¢(/0 <p(t)dt>
G(-’En,l'nfl,znfl)
< < / gp(t)dt).
0

Using monotone property of ¥ -function, we have

G(Zn41,2n,Tn) G(Zn,Tn—1,Tn—1)
/ p(t)dt < / o(t)dt. (3.3)
0 0

Let y, = fOG(x"“’I"’x") o(t)dt. Then 0 < y,, < yp—1 for all n > 0. It follows
that the sequence {y,} is monotone decreasing and lower bounded. So, there
exists r > 0, such that

G(:EnJrl,-’En,mn)
25 Jy Ple)dt = g Yo =1
Then, by the lower semi-continuity of ¢, we get

G(Zn,Tn—1,Tn—1)
o(r) < 1iminf¢< / cp(t)dt).
0

n—oo
Let r > 0. Taking upper limit as n — oo on either side of (3.3), we get

G(znvmnflyznfl)
P(r) <YP(r) — lim infqb(/ gp(t)dt)
0

n—oo

<P(r) — o(r),

which is a contradiction. Thus, r = 0, that is,

. G(l'nJrl,ﬂ?n,mn) )
s ( o0t = Jim v =0

Therefore, we have
lim G(xpt1, T, xn) = 0. (3.4)
n—o0

Now, we prove that {z,} is a G-Cauchy sequence. Suppose that {x,} is
not a G-Cauchy sequence, there exists an € > 0 and subsequences {z,, ()} and
{7y} of {zn} with n(k) > m(k) > k such that
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G (Zn(k)> Tm(k) Tm(k)) = € (3.5)
Let m(k) be the least positive integer exceeding n(k) satisfying (3.5) such that
G(Tn(k)—1> Tm(k) Tm(k)) < € (3.6)
for every integer k. Then, we have
€ < G(Zn@k)s Tm(k) Trm(k))

< G(@nk)s Tn(k)—1> Tnk)—1) T G(Tn@)—15 Tm(k)> Tm(k))
<e+ G(xn(k)a$n(k)—17 xn(k)—l)'

Now

€ G(Tn (k) Tm(k)Tm(k))
0<5= / o)t < / o(t)dt
0 0

6+G(mn(k)azn(k)—lvzn(k)—l)
< / p(t)dt.
0
Letting k — oo and using (3.4), we get
G(xn (k),xm (k),zm (k)
lim p(t)dt = 6. (3.7)

k—o00 0

By the triangular inequality,

G(Zn(k) Tk Tmk)) < G(Tnk)—15 Tn(k)—1> Tn(k)—1)
+ G(Tp(k)—1> Trm(k) =15 Trm(k)—1)
+ G(‘rm(k)—h Tm(k)—1> xm(kz))

and

G(Tn(k)—15 Tm(k)—15 Tmk)—1) < G(Znk)—1: Tn(k)s Tn(k))
+ G( Tk, Trn(k)—15 Tm(k)—1)-

Therefore, we have

/G(zn(k) T (k) L (k)
0

o(t)dt

G(Zp (k) Tr(k)—15Tn(k)—1) FC(Tn (k) — 1> Tm (k) — 1> Tm (k) —1) FG(Tm (k) — 15T m (k) — 1, Tm (k))
< / go(t)dt
0
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and

G(Tn(k)—1Tm(k)—1:Tm(k)—1)
/ olt)dt
0

o(t)dt.

/G(In(k) 1:%n(k)sTn(k) )+G(mn(k) »Tm (k) 7xm(k))+G(xm(k) Tm(k)—1Tm(k)— 1)

0
Letting lim k — oo in the above two inequalities and using (3.4) and (3.7),we
get

G(xn(k)flaxm(k)fl7xm(k)71)
lim o(t)dt = 6. (3.8)

k—o0 0

Taking = = Tp(k)—1,Y = Tm(k)—1, 2 = Tm(k)—1 in (3.1), we get

G(Txn(k)fl7Txm(k)71aTxm(k)71)
o [ (et

0

G (T (k) sTm (k) Tm(k))
([ et

G(In(k)—l’xm(k)—l@m(k)—l)
< ( / Lp(t)dt>
0

G(ZTn(k)=1Tm(k)—1:Tm(k)—1)
- ¢</0 cp(t)dt).

Letting k — oo , using (3.7), (3.8) and properties of ¥ and ¢, we get
P(8) < ¥(6) — B(0),

which is a contradiction from 6 > 0. Hence {z,} is a G-Cauchy sequence.
Since X is a complete metric space, there exists v in X such that

lim z, = u. (3.9)

n—oo

Taking x = x,—1, y = u, z = w in (3.1), we get

G(Tzn-1,Tu,Tu) G(zn,Tu,Tu)
o [ etar) =u( [ (et
G(Tn—1,u,u) G(zn—1,u,u)
<o ettat) o | (t)at).

Letting n — oo, using (3.9) and properties of ¢ and ¢, we get

G(u,Tu,Tu)
w[; o(B)dt) < $(0) — $(0) =0,

which implies that fOG(u’Tu’Tu) @(t)dt = 0. Thus, G(u, Tu, Tu) = 0, this means
that, u = T'u.
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Now, we prove that u is the unique fixed point of T. Let v be an another
common fixed point of T, that is, Tv = v.
Putting z = u, y = v, z = v in (3.1), we get

G(Tu,Tv,Tv) G(u,v,v)
o [ ear) =o [ woar)
G(u,v,v) G(u,v,v)
<o [ wtwae) <o [T vtoae),

G(u,v,v)
o [ vt o

which implies that, G(u,v,v) = 0, that is, u = v. This completes the proof. [

Hence we have

Theorem 3.3. Let (X,G) be a G-metric space and let f and g be self-
mappings on X satisfying the following:

gX C fX, (3.10)
fX or gX is complete (3.11)
and
G(97,9y,92) G(fz,fy,f2) G(fz,fy,fz)
w</0 sO(t)dt) < ¢</0 w(t)dt> —¢</0 cp(t)dt>,
(3.12)

for all x,y, z in X, where ¢ : [0,00) — [0,00) is a Lebesgue integrable mapping
which is summable, non-negative and such that

/ p(t)dt >0, for each € >0 (3.13)
0

and ¢ : [0,00) — [0,00) is a continuous and non-decreasing function and
¢ :[0,00) = [0,00) is a lower semi-continuous and non-decreasing function
such that ¢(t) = 0 = (t) if and only if t = 0. Then f and g have a unique
point of coincidence in X. Moreover, if f and g are weakly compatible, then f
and g have a unique common fized point.
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Proof. Let ¢ € X. From (3.10), we can construct sequences {z,} and {y,} in
X by yn = fxni1 = gzp, for each n =0,1,2,.... Then, from (3.12), we have

G(Yn+1,Yn-yn) G(9Zn41,9Tn,9Tn)
o [ etar) =u( [ et

G(fzn+1,fon, fTn)
<v </ gp(t)dt)

0

G(fzn+1)fzn7f$n)
- ¢</ go(t)dt)

0

GYn Yn—1,Yn—1)
< ( / w(ﬂdt)
0
G(Yn, Yn—1,Yn—1)
o [ at)

G( nyYn—1, n—l)
< w(/o e w(t)dt). (3.14)

Using monotone property of function v, we have

G(yn+1,yn7yn) G(yn,ynflaynfl)
/ p(t)dt < / p(t)dt.
0 0

Let u, = fOG(y"“’y"’y”) o(t)dt. Then 0 < u, < u,—; for all n > 0. It follows
that the sequence {u,} is monotone decreasing and lower bounded. So, there
exists r > 0 such that

G(yn+1,yn,yn)
li t)dt = li =7
5 Jy plde = g un =r
Then, from the lower semi-continuity of ¢, we have

G(Yn Yn—1,Yn—1)
o(r) < lim inf¢< / <p(t)dt>.
0

n—oo

Let r > 0 and taking upper limit as n — oo on either side of (3.14), we get

G(Yn, Yn—1,Yn—1)
B(r) < (r) - 1inrr_l>iogf¢( /0 so(t)dt)
< (r) — o(r)

which is a contradiction. Then, r = 0, that is,
G(Yn+1,Yn,yn)

lim p(t)dt = lim u, = 0.

n—oo 0 n—oo
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Therefore, we have

lim G(yn+1a Yn, yn) =0. (315)
n—oo

Now, we prove that {y,} is a G-Cauchy sequence. Suppose that {y,} is not
a G-Cauchy sequence. Then, there exists, an € > 0 and subsequences {y,,(k)}
and {yn(k)} of {y,} with n(k) > m(k) such that

G (Yn(k) Ym(k)> Ym(k)) = € (3.16)

Let m(k) be the least positive integer exceeding n(k) satisfying (3.16) such
that

G (Yn(k)—1> Ym(k)> Ym(k)) < € for every integer k. (3.17)

Then, we have

€ < G(Yn(k)> Ym(k)> Ym(k))
< GWUn(k)s Yn(k) =15 Yn(k)—1) + G (Un(k)=15 Ym(k)s Ym(k))
< €+ G(Yn(k) Yn(k)—1> Yn(k)—1)-

Hence, we have

0<5—/ o(t)dt
0

G(Yn (k) Ym (k) Ym(k))
< /

/E+G(yn(k) Yn(k)—1:Yn(k)—1)

p(t)dt < o(t)dt.

0 0

Letting £ — oo and using (3.15), we get

G(yn(k) 7ym(k)7ym(k))
lim o(t)dt = 0. (3.18)

k—o0 0

By the triangular inequality, we have

G(Yn (k) Ym(k)s Ymk)) < G(Un()s Yn(k)—1> Yn(k)—1)
+ G(Yn(k) 1> Ym(k)—1> Ym(k)—1)
+ G(ym(k)—l7 Ym(k)—1> ym(k))
and
G (Yn(k) =15 Ym(k) =15 Ym(k)—1) < G (Un(k)=1> Yn(k)> Yn(k))

+ G(yn(k) s Ym(k)> ym(k))
+ G(Ynm(k)> Ym(k)—1> Ym(k)—1)-
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Therefore, we have

/G(yn(k) Ym (k) Ym(k))

o(t)dt
0
G(yn(k) "Yn(k—1)Yn(k—1) )+G(yn(k) —1Ym(k)—1 vym(k)—1)+G(ym(k)—1 Ym(k)—1 7ym(k))
</ P(t)dt
0
and

/G(yn(k)l Ym(k)—1:Ym(k)— 1)

(t)dt

/G(yn(k)— 1:Yn (k) sYn(k)) TG Un (k) Ym (k) Ym (k) TG Ym(k) Ym (k)= 1>Ym (k) —1)
<

< o(t)dt.
0

Letting k — oo in the above two inequalities and using (3.15) and (3.18), we
get

G(yn(k) 7ym(k)7ym(k))

lim p(t)dt = 0. (3.19)
k—o0 0

Taking = = Tpk), ¥ = Tm(k)s 2 = Tk in (3.1), we get

G(9Zr (k) 9% m (k) 19T m (k)) G(Yn (k) Ym (k) Ym(k))
o [ ettar) =v( | )

0

G(fZnk) s fTm (k) fTmk))
Sw(/ @@ﬁ)

0

G(Tr(k)=1:Tm(k)—1:Tm(k)—1)
—¢<A ¢@MQ

G (Yn(k)—1-Ym (k)—1Ym (k)—1)
=w(/‘ wamQ

0

G(Yn(k)—1>Ym(k)—1-Ym(k)—1)
- ¢</0 gp(t)dt).

Letting k — oo, using (3.18), (3.19) and properties of ¥ and ¢, we get
¥(8) < ¥(6) — #(0),

which is a contradiction from § > 0. Thus {y,} is a G-Cauchy sequence.
Now, since fX is complete, there exists a point u € fX such that

nh_)rgo Yn = nh_)rgo fxni1 = u. (3.20)
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Now, we prove that u is the common fixed point of f and g. Since u € fX,
there exists a point p € X such that fp = u. From (3.12), we have

G(fp,gp,gp) G(9xn,gp,9p)

¢< / cp(t)dt) ~ lim ¢< / <p(t)dt>
0 n—oo 0

. G(fx’ﬂmfphfp)

< nlin;o¢</() go(t)dt)
G(f377ufp7fp)
~ lim ¢>( / go(t)dt).
n—oo O

From (3.20) and using properties of ¥ and ¢, we get

o | clpanan olt)it) < 0(0) ~ 6(0) =0,

implies that,

G(fp.gp,gp)
dt) =0
o [ o)

Thus, G(fp, gp,gp) = 0, that is, fp = gp = u. Hence u is the coincidence point
of f and g.

Now, we show that u is the common fixed point of f and g.
Since, fp = gp and f, g are weakly compatible maps, we have fu = fgp =

9fp = gu.
We claim that fu = gu = u. Suppose that gu # u. From (3.12), we have

o[ ) o [ o

(/OG fu,fp.fp) dt) ¢(/OG(fu7fp7fp) gp(t)dt)
¢</OG guu,u) ) - ¢</(]G(gu,u,u) ¢(t)dt>
(7o)

This is a contradiction. Thus, we get, gu = v = fu. Hence u is the common
fixed point of f and g.

IN
<
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For the uniqueness, let v be an another common fixed point of f and g, We
claim that v = v. Suppose that v # v. From (3.2), we have

G(u,v,v) G(gv,gv,gv)
v ( / @(t)dt> _ ¢( / w(t)dt>
G(furfv.fv) G(fvfo.f)
w( / so(t)dt> - ¢< / s@(t)dt>
G(u,v,v) G(u,v,v)
) — d
¢( A t) ¢>< [ t)
G(u,v,v)
< w(/o go(t)dt).

This is a contraction. Thus, we get, u = v. Hence u is the unique common
fixed point of f and g. This completes the proof. O

IN

Theorem 3.4. Let (X, G) be a G-metric space and let f and g be weakly com-
patible self-maps of X satisfying (3.12), (3.13) and the following conditions:

f and g satisfy the E.A. property, (3.21)
fX is closed subset of X. (3.22)

Then f and g have a unique common fized point.

Proof. Since f and g satisfy the E.A. property, there exists a sequence {x,}
in X such that

lim Tz, = lim fz, =g
n—oo n—oo

for some zp € X. Since fX is closed subset of X, using (3.21), we have

lim fz, = fz for some z € X. (3.23)
n—oo

Now, we claim that fz = gz. From (3.12), we have

G(92n,92,92) G(9zn,f2,[z) G(fxn,fz,fz)
o[ ewa) < o[ wwar) o | o(0)ar).

From (3.23) and properties of ¢ and ¢, we have
G(fxn,92,92)
o [ (0t < 600) - 6(0) 0.
0

/ o(t)dt = 0.
0

Thus, we have, G(fz,gz,9z) =0, and so fz = gz.

it implies that
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Now, we show that gz is common fixed point of f and g. Suppose that,
gz # fz. Since f and g are weakly compatible, gfz = fgz and therefore,
ffz = ggz. From (3.12), we have

G(grn,99%,99%) G(fz,fgz,fgz) G(fz,f9z,fg2)
o [ etat) <o [ eta)-o [ ()
G(92,99%,99%) G(92,99%,99%)
= 1/1(/ sO(t)dt) —<z5</ cp(t)dt>
0 0

G(92,992,99%)
<o( [ 0at).
0

which is a contradiction. Thus, ggz = gz. Hence gz is the common fixed point
of f and g.

Finally, we show that the common fixed point is unique. Let v and v be
two common fixed points of f and g such that u # v. From (3.12), we have

G(u,v,v) G(gu,gv,gv)
o [ etwa) = | o0t
G(fu,fv.fv) G(fu,fv,fv)
o [ etar) ~o( [ ()t
G(u,v,v) G(u,v,v)
dt ) — d
¢(A ¢@t) ¢<A w@t)
G(u,v,v)
< w( /U @(t)dt>7

which is a contradiction. Therefore © = v. This completes the proof. O

IN

Theorem 3.5. Let (X,G) be a G-metric space and let f and g be weakly
compatible self-maps of X satisfying (3.12), (3.13) and the following:

[ and g satisfy (CLRy) property. (3.24)
Then f and g have a unique fixed point.

Proof. Since f and g satisfy the (CLRy) property, there exists a sequence {x,, }
in X such that

lim fx, = lim gz, = fz

n—oo n—oo

for some z € X. From (3.12), we have

G(g9zn,g9z,97) G(fzn,fz,fx) G(fzn,fz,fx)
o[ ) <o | ettat)-of [ o(0at).
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Letting n — oo and using the properties of 1 and ¢, we get

G(fx,9x,9z) G(fz,fx,fx) G(fzx,fx,fx)
w(% w@ﬁ>sw<A wmﬁ)—¢(4 w®ﬁ>

= ¢(0) — ¢(0) = 0.

Hence foc(fx’gx’gx) p(t)dt = 0. Thus, G(fz,gx,gz) = 0, that is, fx = gx. Let
w = fxr = gx. Since f and g are weakly compatible, fgr = gfz, implies that,

fw=fgr=gfr=gw.
Now, we claim that Tw = w. Suppose that Tw # w. Then. from (3.12), we

have
o[ ) - [ o
1/1(/0G fw,fz,fz) ()dt) d)(/OG(fw,fx,fw) go(t)dt)
o o) o [s)
<o [T ),

which is a contradiction. Hence fw = w = gw. Hence, w is the common fixed
point of f and g.

Finally, we show that the common fixed point is unique. Let v be an another
common fixed point of f and g such that fv = v = gv and w # v. From (3.12),
we have

G(w,v,v) G(gw,gv,gv)

o [ etmar) =u( | )
G(fw,fv,fv) G(fw,fv,fv)

o [ ettat) ~o( | at)
G(w,v,v) G(w,v,v)

w(/o so(t)dt> - ¢</0 w(t)dt>

G(w,v,v)
<o [ etar).

which is a contradiction. Therefore w = v. This completes the proof. O

IN

IN

Example 3.6. Let X = [1,00) and let G : X3 — R, be the G-metric defined
as follows:

G(z,y,2) = max{|z —y|,|y — 2|, |x — 2|} for all z,y,z € X.
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Clearly (X,G) is a G-metric space. Define f,g : X — X by f(z) = = and
g(z) = 2L Let {zp} = {1+ 1}. Then, we have

lim fx, :nli_{gogxn =1=f(1) e X.

n—oo

Hence, the pair (f,g) satisfy (CLRy)—property. Let us define 9(t) = 2t,
¢(t) =t and @(t) = L. Without loss of generality, we assume that for z >y > z

z+1 y+1 2+1
<?(gx,gy,92)==C?< 5 5 g >

_ (Iw—yl ly — 2| Iw—Z|>_|x—Z|
= max = .

2 7 2 72 2
Clearly, G(fz, fy, fz) = |x — z|. Also, we have

|z—z|

T2 B 12 B |z — 2|? B ]:):—2]2_]38—2\2
S I
|x—2z| 2
w/o tdtzw(mf) = |z — 2,

¢<‘$_Z’2> -l :\x—zIQ—L_ZP :§:c—z!2.

and

2 4 4 4 |

By applying all these, we see that equation (3.12) is satisfied. Hence all the
conditions of Theorem 3.5 are satisfied and f and g have a unique common
fixed point x = 1.

Acknowledgments: This work was supported by the Basic Science Research
Program through the National Research Foundation(NRF) Grant funded by
Ministry of Education of the republic of Korea (2018R1D1A1B07045427).

REFERENCES

[1] M. Aamri and D. El. Moutawakil, Some new common fized point theorems under strict
contractive conditions, J. Math. Anal. Appl., 270 (2002), 181-188.

[2] M. Asadi and P. Salimi, Some fized point and common fized point theorems on G-metric
spaces, Nonlinear Funct. Anal. Appl., 21(3) (2016), 5213-530.

[3] A. Branciari, A Fized point theorem for mappings satisfying a general contractive con-
dition of integral type, Int. J. Math. Math. Sci., 29(9) (2002), 531-536.

[4] B.C. Dhage, Generalized metric spaces and mappings with fized point, Bull. Calcutta
Math. , Soc., 84 (1982), 329-336.

[5] B.C. Dhage, Generalized metric spaces and topological structures, Anal. St. Univ. Al L.
Cuza, lasi Ser. Mat., 46(1) (2000), 3-24.

[6] G. Jungck, Common fized points for non-continuous non-self mappings on non-metric
spaces, Far East J. Math. Sci., 4 (1996), 199-212.



580

(7]

(8]

[9]

J. K. Kim, M. Kumar, P. Bhardwaj and M. Imdad

Z. Mustafa and B. Sims, Some remarks concerning D-metric spaces, Proceedings of the
International Conference on Fixed Point Theory and Applications, Valencia (Spain),
2003 (2003), 189-198.

Z. Mustafa and B. Sims, A new approach to generalized metric spaces, J. Nonlinear
Convex Anal., 7(2) (2006), 289-297.

Z. Mustafa, H. Obiedat and F. Awawdeh, Some fized point theorems for mappings on
complete G-metric spaces, Fixed Point Theory Appl., Article ID 189870, 2008 (2008),
10 pages.

B. Nurwahyu, Some properties of common fized point for two self-mappings on some
contraction mappings in quasi ab-metric space, Nonlinear Funct. Anal. Appl., 25(1)
(2020), 175-188

W. Shatanawi, Fized point theory for contractive mappings satisfying @-maps in G-
metric spaces, Fixed Point Theory Appl., Article ID 181670, 2010 (2010), 9 pages.

W. Sintunavarat and P. Kumam, Common fized point theorem for a pair of weakly
compatible mappings in fuzzy metric space, J. Appl. Math. , Article ID 637958, 2011
(2011), 14 pages.

D. Singh, V. Chauhan and V. Joshi, Results on n-tupled coincidence and fixed points in
partially ordered G-metric spaces via symmetric (¢, )-contractions Nonlinear Funct.
Anal. Appl., 20(3) (2015), 491-516.

D. Singh, V. Joshi and J.K. Kim, Ezistence of solution to Bessel-type boundary value
problem via G-cyclic F-contractive mapping with graphical veriication, Nonlinear Funct.
Anal. Appl., 23(2) (2018), 205-224.



