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ABSTRACT

In this paper, we prove unique common fixed point theorems for four maps satisfying w — ¢ contractive condition in
symmetric G — metric spaces.
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1. INTRODUCTION AND PRELIMINARIES:

Mustafa and Sims [16] and Naidu et.al [14] demonstrated that most of the claims concerning the fundamental
topological structure of D — metric introduced by Dhage [1 — 5] and hence all theorems are incorrect. Alternatively,
Mustafa and Sims [16, 17] introduced a G - metric space and obtained some fixed point theorems in it. Some
interesting references in G - metric spaces are [8, 13, 15, 18 — 22].

Recently several authors are using the y — ¢ contractive condition on maps to prove fixed and common fixed point
theorems (See for example [9 — 12]).

In this paper, we prove two unique common fixed point theorems for four mappings satisfying y — ¢ contractive
condition in symmetric G — metric spaces. Before giving our main results, we recall some of the basic concepts and
results in G — metric spaces.

Definition: 1.1 ([17]). Let X be a nonempty set and let G: X xX x X — [0, o) be a function satisfying the following
properties:

(Gl): G(x,y,z)=0ifx=y=1z,

(G2): 0<G(x,x,y)forallx,y € X withx £y,

(G3): G(x,x,y)<G(x,y,z) forall x, y, z € X with y #2,

(G4): G(x,y,z)=G(X,z,y) =G(y, z, X) = ..., symmetry in all three variables,

(G5): G(x,y,2)<G(x,a,a)+G(a,y,z) forallx,y,z,a € X.

Then the function G is called a generalized metric or a G — metric on X and the pair (X, G) is called a G—metric space.

Definition: 1.2 ([17]). The G — metric space (X, G) is called symmetric if G(x, X, y) = G(x, y, y) forall x, y € X.
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Definition: 1.3 ([17]). Let (X, G) be a G — metric space and {x,} be a sequence in X. A point

x € X is said to be limit of {x,} iff lim G(X, Xp, Xm) = 0. In this case, the sequence {x,} is said to be G — convergent
n,m-—yeo

to Xx.

Definition: 1.4 ([17]). Let (X, G) be a G — metric space and {x,} be a sequence in X. {Xx,} is called G — Cauchy iff
lim G (X1, Xn» Xm) = 0. (X, G) is called G — complete if every G — Cauchy sequence in (X, G) is G — convergent in

I,n,m—c

X, G).

Proposition: 1.5 ([17]). In a G — metric space, (X, G), the following are equivalent.
1. The sequence {x,} is G — Cauchy.

2. For every & > 0, there exists N € N such that G (X, Xp, Xp) < &, for all n, m > N.

Proposition: 1.6 ([17]). Let (X, G) be a G — metric space. Then the function G(x, y, z) is jointly continuous in all three
of its variables.

Proposition: 1.7 ([17]). Let (X, G) be a G — metric space. Then for any x, y, z, a € X, it follows that
(i) ifGx,y,z)=0thenx=y=z,
(1) Gx,y,2)<GX, x,y) + G, x,2),
(iii) G(x,y,y) <2G(x, X, y),
(iv) Gx,y,2)<G(x,a, z)+G(a, vy, ),
2
v) G, y,2)< 3 [G(x, a, a) + G(y, a, a) + G(z, a, a)] .
Proposition: 1.8 ([17]). Let (X, G) be a G — metric space. Then for a sequence {x,} & X and a point x € X, the
following are equivalent
(i) {x,} is G — convergent to X,
(i1) G (Xp, Xp, X) = 0 as n — oo,
(iii) G (Xxp, X, X) > 0 asn — oo,
(1v) G (X, Xp, X) — 0 as m, n — oo,
Definition: 1.9 ([6]). A pair of self mappings is called weakly compatible if they commute at their coincidence points.
Now we give our main results.
2. MAIN RESULTS:
Let ¥ denote the set of all continuous mappings y: [0, ) — [0, o).

Let @ denote the set of all lower semi continuous mappings @: [0, ©) — [0, o) such that ¢ (t) > 0 for all t > 0.

Theorem 2.1 . Let (X, G) be a symmetric G — metric space and S, T, f, g : X — X be satisfying

G(fx, gy, z), G(fx, Sx, z), G(gy, Ty, z),
(211) \V(G(SX, Ty, 7)) < y| max (X gy Z) (X X Z) (gy y Z)
G(fx, Sx, Sx), G(gy, Ty, Ty)

_¢ | max G(fx, gy, 2),G(fx, Sx, z),G(gy, Ty, z),
G(fx, Sx, Sx),G(gy, Ty, Ty)

Vx,y,z € Xwithz=Sxor Ty, where y € y, ® € o,
(2.12)  SX) € g(X), TX) S f(X),

(2.1.3) (S, f) and (T, g) are weakly compatible,

2.1.4) one of f(X) and g(X) is G — complete.

Then f, g, S and T have a unique common fixed point in X.
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Proof: Let x, € X. From (2.1.2), there exist sequences {x,} and {y,} in X such that y,, = Sx,, = gX,,; and
Yonel = TXopey = fXn40, 0 =0, 1, 2.

Suppose Yoms1 = Yom for some m. Let yomei # Yomez-

WV (G(Yame2> Yome1s Yome1)) = W (G(SXoms2, TXome1 Yome1))

G(Yoms1s Yoms2s Yome2) > GV oms Yomat> Yomer)

—g| max {G(YZmH’ Yoms Yamer) SO omers Yomezs Yomer) » G oms Yomers Yomer) ’}
G(Yamer> Yomezs Yams2) > GOV oms Yamers Yomer)

< [ {G(YZmH s Yoms Yome) s O amats Yomezs Yoma1) s O ams Yomsts Yomsr) ’}J
< y| max

= Y (G(Yom+1> Yome2> Yame1)) — @ (G(Yame1s Yoms2, Yome1))s since X is symmetric

< W (G(Yams1> Yoms2s Yomse1))-
It is a contradiction. Hence yaim41 = Yamso-
Continuing in this way, we get y, = yn for all k > 0. Hence {y,} is a G — Cauchy sequence in X.
Now assume that y, # y, for all n.
Denote p, = G(Yn, Ynt1> Yns1)-
W (P20) = W (G(Y2n, Yon+15 Yans1))
=V (G(Yans Yant1> Yon)) » since X is symmetric

=y (G(Sx2n, TXons1, Y2n))

G(y2n-1’ Yon>Yon ) ’G(y2n > Yon+1o YZn+1)

—¢| max {G(y2n-l’ Yans You) G615 Yaus ¥2u) GV Yonris ¥au) ,}
G(Y 15 Yans Yau) 5Cans Yoners Youer)

< ( {G(YZn-l’y2n’Y2n)’G(y2n—l’YZn’y2n)’G(YZn’y2n+1’y2n)’}j
< y| max

=y (max {pa-1, Pn }) — @ (Max {pan_1, P2n }), since X is symmetric.
If max {pan-1, P2n} = Pan, then
Y (P2n) =V (P2n) = @(P2n) <V (Pn)- It is a contradiction.
Hence pay < pan-1 and y(p2n) < ¥ (P2n-1) = ¢(P2n-1) (€0)
Similarly, we have papi1 < pan-
Thus {p,} is a decreasing sequence of non — negative real numbers and hence converge to some real number, 1 > 0.
Letting n — oo in (I), we get
v (D)< y() — o) so that (1) < 0.
Hence 1 = 0. Thus

1im Gy, ynu1, o) = 0 (ID)
n —oo

Now we prove that {y,,} is a G - Cauchy sequence. Suppose it is not true. Then there exists an & > 0 such that for any
positive integer k, there exist positive integers my > ni > k such that
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G(Yon, +Yom, > Yom, )28 (1)
and G( Y5, > Yom,—2>Yom,—2) <% av)
From (III),

SSG(yan ’ yZmk ’Yka)
=G (Yom,2> Yom, > Yom, ) ¥ G(Yon, > Yomy 2> Yom,2)
<G (Yom-2> Yom, > Yom, ) +& from(IV)

=G (Yom, > Yom, 2> Yom, —2) +& since X is symmetric

=G (Yom-1> Yom—22Yom—2) +O(Yom, > Yom 1> Yom1) + &
=G (Yom-2>Yom-1>Yom—1) + G(Yom 1> Yom, » Yom, ) + & since X is symmetric

= Pom,—2 *Pom1 &
Letting k — oo and using (II), we get
SN Gy, Yom, - Yom, ) =& (V)

G ( Yka ’ Yan+l ’ y2nk+l ) < G( YZnk ’ y2nk+l ’ Yan+1 ) + G( yZmk ’ Yan ’ Yan )

G (Yom, > Yon+12Yon,+1) = CYom > Yon, » You, ) < Poy, -

Also
G( }/2mk 4 Yan 4 Yan ) = G( Y2nk+1 4 Yan 4 }]2nk ) + G( }/2mk ’ Y2nk+1 ’ Y2nk+1 )

G ( y2nk ’ y2mk ’ y2mk ) - G( y2mk ’ y2nk+l ’ y2nk+l ) = p2nk :

Thus IG (Yo, » Yon 41> Yon,+1) = G(Yan, > Yom, » Yom N = Poy, -

Letting k — oo and using (II) and (V), we get
khg:oG ( Yom, > Yon 410 y2nk+1) =€ D

G ( Yka—l ’ Yan ’ y2nk+1 ) = G( Yan ’ y2nk ’ Y2nk+1) + G( y2mk—1 ’ }]2nk ’ }]2nk )

=G (Yan, > Yon+1 Yone1) + 6(Yom, > Yon, > Yon ) + G(Yom 15 Yom, » Yom, )» since X is
symmetric.

G( Y2mk—1 ’ Yan ’ Y2nk+1) - G( Y2nk ’ Yka ’ }/2mk ) < p2nk + p2mk—1 ’ since X is symmetric.

Also
G(Yom, > Yon, * Yon, ) SG(Yom, > Yon, » Yon 1) ¥ G(Yon, - Yon 41> Yon, 1)
<SG (Yome-1> Yon, » Yon 1)+ G(Yom, » Yom—1> Yom—1) +Poy, -

G (Yon, > Yom, » Yom, )=C(Yom -1+ Yan, > Yon 1) < Pom -1+ Pay, » since Xiis symmetric.

Thus IG (Yo, 1> Yon, » Yon,+1) = G(Yon, > Yom, » Yom NS Pom, 1+ Py, -

Letting k — oo and using (II) and (V), we get

M G(y,, |\ Yo - Yo ) =¢ (V)

k —oo
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G( Yka—l > YZmk ’ y2nk+] ) < G( Yka—l ’ YZmk ’ YZmk ) + G( Yan+1 ’ Yka ’ Yka )

G (Yom-1> Yom, » Yon,+1) = G(Yom, > Yon 410 Yon,+1) S Pop, -1 » since X is symmetric.

Also
G(Yon 41> Yom, » Yom, ) SG(Yon 41> Yom, > Yom—1) +G(Yom > Yom <1 Yom —1)-
G (Yom, » Yong+1> Yon,+1) = C(Yom, 1> Yom, » Yon,41) = Pam, 1> since X is symmetric.

Thus IG (Yo 1> Yom, » Yon,+1) = O(Yom, » Yon 412 Yon 1) S Pom -1 -

Letting k — oo and using (II) and (VI), we get

M G (y,, 1 Yom » Yon ) =€ (VII)

k —oo
Now

V(G(Yom, » Yon 41> Yon, 1) =V (GE Xy > TXo0 415 Yon, 1)

G(Yaomy15 Yan, s Yangs1) O om0 Yom, > Yon+1) s G an, 5 Yau,at> Yon+1) }

< y| max
{ G(y2mk-l ’ Yka ’ yka ) 4 G(yan ’ y2nk+1 ’ Y2nk+1)

G(Yka-l’ Yan ’ Yan+l) ’G(Yka»l’ },2mk ’ Yan+l) ’ G(Y2nk ’ y2nk+l’ y2nk+1)

—¢ max
G(yka-l’ y2mk ’ y2mk) ’ (3(}/2nk ’ y2nk+1’ y2nk+1)

Letting k — oo and using (VI), (VII),(VIII) and (I), we get

V(&) = y(e) — o) < y(e).

It is a contradiction. Hence {y,,} is G — Cauchy.

Hence lim G (Y20, Y2m» Y2m) = 0.
n,m—>eo

Now
0 =< G(yans1> Yoms1s Yome1)

< G(Yon, Yomet> Yoms1) + G(Yane15 Y2n, Yon)

< G(Yans Yame1s Yam) + G(Yams 1> Yams Yom) + Pan, since X is symmetric

< G(Yans Yom> Yam) + G(Yame1s Yom> Yam) + Pam + Pans Since X is symmetric
< G(Yan> Yom» Y2m) + Pom + Pam + Pan» since X is symmetric.

Letting n, m — oo, we get

0< lim g (Yant1> Yome1s Yome1) < 0.

n,m—oc0
Thus {yan41} is G — Cauchy. Hence {y,} is G — Cauchy.
Suppose f(X) is G — complete.

Then there exist p, t € X such that y,,,; — p = fu.
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Since {y,} is G — Cauchy, it follows that {y,,} — p as n — oo,
Now

G(fu, y,,,Su),G(fu, Su, Su),G(Y 2, » Y o1 SU),
w(G(Su,Tsz,Su))S\V[maX{ (fu, y,,,Su), G(fu,Su, Su) ,G(y 5, » Yon41>SW) H

G(fu, Su,Su) , G(Y 245 Yan+1s Yan+1)

{G(fu, Y, Su) ,G(fu, Su, Su) ,G(y,,, ¥,,.» SU), }
—@| max .
G(fu’ Su’ Su) ’G(yZn’ y2n+l’ y2n+l)

Letting n — oo, we get

y(G(Su, p, Su)) <y (max { G(p, p, Su) , G(p, Su, Su) , G(p, p, Su) , G(p, Su, Su),0 })
- ¢ (max { G(p, p, Su) , G(p, Su, Su) , G(p, p, Su) , G(p, Su, Su), 0})

y(G(Su, p, Su)) =y (G(Su, p, Su)) — ¢ (G(Su, p, Su)) , since X is symmetric

<y (G(Su, p, Su)) if Su #p.
Hence Su = p.

Thus fu=p = Su.

Since S(X) & g(X), there exists v € X such that Su = gv.

y (G(Su, Tv, Su)) <y (max{ 0, 0,G(Su, Tv, Su), 0,G(Su, Tv, Tv) }) — ¢ (max { 0, 0,G(Su, Tv, Su) , 0,G(Su, Tv, Tv) })
=V (G(Su, Tv, Su)) — ¢ (G(Su, Tv, Su)), since X is symmetric
<y (G(Su, Tv, Su)) if Su#Tv.

Hence Su="Tv.

Thusfu=Su=Tv=gv=p.

Since the pairs (S, f) and (T, g) are weakly compatible, we have

fp = Sp and gp = Tp.
G(fp, gv,Su) , G(fp, Sp, Su) , G(gv, Tv, Su) ,
v (G(Sp, Tv. Su)) < v| max (fp, gv,Su) , G(fp, Sp, Su) , G(gv, Tv, Su)
G(fp, Sp, Sp) , G(gv, Tv, Tv)

G(fp, gv, Su) ,G(fp, Sp, Su) ,G(gv, Tv, Su) ,
—@| max
14 G(p, Sp, Sp) ,G(gv, Tv, Tv)
v (G(Sp, p, p)) <y (max { G(Sp, p, p) ,G(Sp, Sp, p), 0,0, 0 }) - ¢ (max { G(Sp, p, p) .G(Sp, Sp, p),0,0,0 })
=y (G (Sp, p,p) — ¢ (G (Sp, p, p)), since X is symmetric
<y (G(Sp, p, p)) if Sp # p.

Hence Sp = p. Thus fp =Sp =p.

G(fu, gp, Tv),G(fu, Su, Tv),G(gp, Tp, Tv),
v (G(Su. Tp. Tv)) < y| max (fu, gp, Tv), G(fu, Su, Tv) ,G(gp, Tp, Tv)
G(fu, Su, Su),, G(gp, Tp, Tp)

G(fu, gp, Tv) ,G(fu, Su, Tv) ,G(gp, Tp, Tv) ,
— max
14 G(fu, Su, Su) ,G(gp, Tp, Tp)
v (G(p, Tp, p)) < w(max { G(p, Tp, p) , 0,G(Tp, Tp, p) , 0, 0 }) — w(max { G(p, Tp, p) , 0,G(Tp, Tp,p), 0,0 })

=y (G (p, Tp, p)) — ¢ (G(p, Tp, p)), since X is symmetric
<y (G(p, Tp, p)) if Tp # p.
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Hence Tp =p.

Thus p is a common fixed point of f, g, S and T.

Suppose p' is another common fixed point of f, g, S and T.

v (G(p, p', p)) = v (G(Sp, Tp', Sp))
<y (max { G(p. p'.p) . 0.G(p". p'. p) . 0. 0}) - p(max { G(p. p". ), 0, G(p'. p', p) . 0,0 })
=vy (G(p, pl, p)) — ¢ (G(p, pl, p)), since X is symmetric
<y (Gp, p',p) if p#p".

Hence p = pl.

Thus p is the unique common fixed point of f, g, S and T.

Similarly the theorem holds whenever g(X) is complete.

Definition: 2.2 ([7]) The pair (S, f) is said to be occasionally weakly compatible (owc) if there exists x € X such that
fx = Sx and fSx = Sfx.

Theorem: 2.3 Let (X, G) be a symmetric G — metric space and S, T, f, g : X — X be satisfying

23.1) v (G (Sx, Ty, 2)) < w(max {G(fx’ £y,2),G(fx, 5, 2), G(gy, Ty, 2), }J

G(fx, Sx, Sx), G(gy, Ty, Ty)

G(fx, gy, 2),G(fx, Sx, z),G(gy, Ty, z),
—@| max
G(fx, Sx, Sx),G(gy, Ty, Ty)
Y Xx,y,z € X with z = Sx or Ty, where v, ¢ : [0,00) — [0,00) and @(t) >0 V't > 0.

Also assume that (2.3.2) the pairs (S, f) and (T, g) are owc.
Then S, T, f and g have a unique common fixed point in X.
Proof: From (2.3.2), there exist u, v € X such that fu = Su, Sfu = fSu and gv="Tv, Tgv=_gTv.

Suppose Su # Tv. Then

IN

G(Su, Tv, T
v (GSu, Tv. Tv)) G(fu, Su, Su), G(gv, Tv, Tv)

G(fu, gv, Tv),G(fu, Su, Tv),G(gv, Tv, Tv),
—@| max
? G(fu, Su, Su),G(gv, Tv, Tv)

( {G(fu, gv, Tv),G(fu, Su, Tv), G(gv, Tv, Tv), B
Y| max

v (G (Su, Tv, Tv)) — ¢ (G(Su, Tv, Tv)), since X is symmetric

A

v (G(Su, Tv, Tv)) .
It is a contradiction. Hence Su = Tv.
Thus fu = Su = Tv = gv. Suppose S> u # Su.

Then

2
v (G, Tv, Su) < W[max {G(fSu, ov,Su), G(fSu, S2u, Su), G(gv, Tv, Su), B

G(fSu, S2u, Szu), G(gv,Tv,Tv)

G(fSu, gv, Su),G(fSu, S*u, Su),G(gv, Tv, Su),

—@| max N
G(fSu, S°u, S7u),G(gv, Tv, Tv)
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=y (G (S%u, Tv, Su)) — ¢ (G(S%u, Tv, Su)) , since X is symmetric
<y (G(Su, Tv, Su)) .
It is a contradiction. Hence S*u = Su.
Thus S(Su) = Su......(1) and f(Su) = Sfu = S%u = Su....(ii).
Suppose T?v # Tv. Then

2
v (G(Su, T, Tv)) < \u[max {G(fu, gTv, Tv), G(fu, Su, Tv),G(gTv, T v, Tv), H

G(fu, Su, Su), G(gTv, T?v, T?v)
G(fu, gTv, Tv),G(fu, Su, Tv),G(gTv, T?v, Tv),
P ma { G(fu, Su, Su),G(gTv, T?v, T>V) }
=y (G (Su, T, Tv)) — ¢ (G (Su, T2v, Tv)) , since X is symmetric
<y (G(Su, T?, Tv)) .
It is a contradiction. Hence T?v = Tv.
Thus T(Su) = T(Tv) = Tv = Su......(iii) and g(Su) = gTv=Tgv = T?>v =Tv = Su......(iv).
From (i), (ii), (iii) and (iv), it follows that Su is a common fixed point of S, T, f and g.
Uniqueness of common fixed point follows easily from (2.3.1).
The following examples illustrate the Theorems 2.1 and 2.3.
Example: 2.4. Let X = [0, 1] and G: X x X x X — [0, ) be defined by
G(x,y,z)=Ix —yl+ly -zl + Iz - x|, forall x, y, z € X.

LetS,T,f,g:X—>XbedefinedbySX:O,TX:%,fx:x,gx:%,forallx € X.

Let v, ¢: [0, ©) — [0, »0) be defined by v (t) =t, ¢ (t) =% ,forall t> 0.

Now, G (Sx, Ty, Sx) = G (0, % ,0)= i

and G(gy, Ty, Sx) = G(%,—g, 0)=y.

v (G(Sx, Ty, Sx)) = G(Sx, Ty, Sx)
y

4

1
=7V G(gy, Ty, Sx)

< — max{G(fx, gy, Sx),G(fx, Sx, Sx),G(gy, Ty, Sx),G(x, Sx, Sx),G(gy, Ty, Ty)}

1
4

G(fx, gy, Sx), G(fx, Sx, Sx), G(gy, Ty, Sx),
= max
A G(fx, Sx, Sx), G(gy, Ty, Ty)

G(fx, gy, Sx),G(fx, Sx, Sx),G(gy, Ty, Sx),
—@| max .
14 G(fx, Sx, Sx),G(gy, Ty, Ty)
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Thus (2.1.1) or (2.3.1) is satisfied with z = Sx.

One can easily verify the remaining conditions in Theorem 2.1 and Theorem 2.3. Clearly 0 is the unique common fixed
pointof S, T, f and g.

REFERENCES:
[1] B. C. Dhage, Generalized metric spaces and mapping with fixed points, Bull. Cal. Math. Soc. 84(1992), 329 — 336.

[2] B. C. Dhage, Generalised metric spaces and mappings with fixed point, Bull. Calcutta Math. Soc 84(1992), no.4,
329 - 336.

[3] B. C. Dhage, On generalized metric spaces and topological structure II, Pure. Appl. Math. Sci. 40(1994), No.1 — 2,
37 -41.

[4] B. C. Dhage, A common fixed point principle in D — metric spaces, Bull. Cal. Math. Soc., 91, No.6 (1999), 475 -
480.

[5] B. C. Dhage, Generalized metric spaces and topological structure I, Annalele Stiintifice ale Universitatii Al. I. Cuza,
vol.46, No.1(2000), 3 — 24.

[6] G. Jungck, B. E. Rhoades, Fixed point for set — valued functions without continuity. Indian J. Pure. Appl. Math.,
(1998), 29(3), 227 — 238.

[7]1 M. A. Al-Thagafi and N. Shahzad, Generalized I — non expansive self maps and invariant approximations, Acta
Mathematica Sinica, English Series, vol. 24 (2008), 867 — 876.

[8] M. Abbas and B. E. Rhoades, Common fixed point results for non commuting mappings without continuity in
generalized metric spaces, Applied Mathematics and Computation, 215, (2009), 262 — 269.

[9] M. Abbas and M.A. Khan, Common fixed point theorem of two mappings satisfying a generalized weak contractive
condition, International Journal of Mathematics and Mathematical Sciences, vol. 2009,(2009), Article ID 131068, 9

pages.

[10] M. Abbas and D. Doric, Common fixed point theorem for four mappings satisfying generalized weak contractive
condition, Filomat, vol.24 , no.2, (2010), pp.1 — 10.

[11] P. N. Dutta and B. S. Choudhury, A generalization of contraction principle in metric spaces, Fixed Point Theory
and Applications, vol.2008, Article ID 406368,(2008), 8 pages.

[12] Q. Zhang and Y. Song, Fixed point theory for generalized y —weak contractions, Applied Mathematics Letters,
vol. 22, no. 1,(2009), 75 — 78.

[13] Renu Chugh, Tamanna Kadian, Anju Rani and B. E. Rhoades, Property P in G — metric spaces, Fixed point theory
and Applications ,Vol.2010, (2010), Article ID 401684,12 Pages.

[14] S. V. R. Naidu, K. P. R. Rao and N. S. Rao, On convergent sequences and fixed point theorems in D — metric
spaces, Internet. J. Math. Math. Sci., 12 (2005), 1969 — 1988.

[15] W. Shatanawi, Fixed point theory for contractive mappings satisfying ¢ — maps in G — metric spaces, Fixed point
theory and Applications, Vol.2010, (2010), Article ID 181650, 9 Pages.

[16] Zead Mustafa and Brailey Sims, Some remarks concerning D — metric spaces, Proceedings of the International
Conferences on fixed point theory and applications, Valencia (Spain), July (2003). 189 — 198.

[17] Z. Mustafa and B. Sims, A new approach to generalized metric spaces, Journal of Nonlinear and Convex Analysis,
Vol.7, no.2, (2006), 289 — 297.

[18] Zead Mustafa, Hamed Obiedat and Fadi Awawdeh, Some fixed point theorem for mapping on complete G —
metric spaces, Fixed point theory and Applications,Vol.2008, (2008), Article ID 189870, 12 Pages.

[19] Zead Mustafa, Wasfi Shatanawi and Malik Bataineh, Existence of fixed point results in G — metric spaces,
Internat. J. Math. Math. Sci, Vol.2009, (2009), Article ID 283028, 10 pages.
© 2011, RIPA. All Rights Reserved 232



K. P. R. Rao® *, S. Hima Bindu” and J. Rajendra Prasad’/ Unique common fixed point theorems for four maps under § - ¢
contractive condition in symmetric G — metric spaces/RJPA- 1(9), Dec.-2011, Page: 224-232

[20] Zead Mustafa and Brailey Sims, Fixed point theorems for contractive mappings in complete G — metric spaces,
Fixed point theory and Applications, Vol.2009, (2009), Article ID 917175, 10 Pages.

[21] Zead Mustafa and Hamed Obiedat, A Fixed Points Theorem of Reich in G — metric Spaces, Cubo A Mathematics
Journal. Vol. 12, No.01, (2010), 83 —93.

[22] Zead Mustafa, Fadi Awawdeh and Wasfi Shatanawi, Fixed point theorem for expansive mappings in G — metric
spaces, Int. J. Contemp. Math. Sciences, Vol. 5, (2010), no. 50, 2463 — 2472.

sfe st sk st st stk skttt skolokolokskorsk

© 2011, RIPA. All Rights Reserved 233



