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ABSTRACT: In the present paper, we give some new definitions of D*- metric spaces and we prove a
common fixed point theorem for six mappings under the condition of weakly compatible mappings in
complete D*- metric spaces. We get some improved versions of several fixed point theorems in complete D*-
metric spaces.
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I. INTRODUCTION AND PRELIMINARIES

In 1922, the Polish mathematician, Banach, proved a theorem which ensures, under appropriate conditions, the
existences and uniqueness of a fixed point. His result is called Banach’s Fixed point Theorem or the Banach
Contraction principle. This theorems provides a technique for solving a variety of problems of applied nature in
mathematical science and engineering. Many authors have extended, generalized and improved Banach’s Fixed
point Theorem in Different ways. In [17], Jungck introduced the notion of compatible mappings which are more
general than commuting and weakly commuting mappings. This concept has been useful for obtaining more
comprehensive fixed point theorems. Dhage [7] introduced the concept of generalized metric or D — metric spaces
and claimed that D — metric convergence defines a Hausdorff topology and that D — metric is sequentially
continuous in all the three variables. Many authors have taken these claims for granted and used them in proving
fixed point theorems in D — metric spaces. Rhoades[17] generalized Dhage’s contractive condition by increasing the
number of factors and proved the existence of unique fixed point of a self-maps in D — metric space. Recently,
motivated by the concept of compatibility for metric space, Singh and Sharma[23] introduced the concept of D —
compatibility of maps in D —metric space and proved some fixed point theorems using a contractive condition.
Unfortunately, almost all theorems in D —metric spaces are not valid [14,15,16]. In this paper, we introduce D*-
metric which is a probable modification of the definition of D — metric introduced by Dhage[7] and prove some
basic properties in D*- metric spaces.

In what follows (X, D*) will denotes D*- metric space.

Definition1.1. Let X be a non- empty set. A generalized metric or D*- metric on X is a function D*: X3 - R* that

satisfies the following conditions for each x,y,z ,a £ X.

(1) D*(x,y,z) =0,

2) D*(x,y,z)=0ifandonlyifx =y =7z,

3) D*(x,y,z)=D*(p{x,Vy, z}), where p is a permutation function,
4) D*(x,y,z) = D*(x,y, a)+ D*(a, z, z).

The pair (X, D*) is called a generalized metric space.
Immediate examples of such a function are the following :

(a) D*(X’ Y, Z) = max{d(x, Y), d(y' Z)' d(Z, X)}’
(b)y D*(x,y,z)= d(x,y) +d(y,z) +d(zx).
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Here, d is the ordinary metric on X.
Definition1.2. Let (X, D*) be a D*- metric space and Ac X.
(1) If for every x&= A there existr > 0 such that By«(x,r ) © A, then subset A is called open subset of X.

(2) Subset A of X is said to be D*- bounded if there exists r > 0 such that D*(x, y, y) == r for all x,y &£ A.
(3) A sequence {x,}in X converges to x if and only if D*(x,, x,,, Xx) = D*(X, X, x, ) —* 0 asn —* ©O0.
(4) Sequence {x,}in X is called a Cauchy sequence if for each & 2> 0, there exists n, & N such that

D*(xy, Xy, Xy) << € for each n,m == n,. The D*- metric space is said to be complete if every Cauchy

sequence is convergent.

Definition1.3. Let (X, D*) be a D*- metric space. D* is said to be continuous function on X3 X (0,00) if
limy, _, . D* (%, Vi, 2n) = D*(X, y, 2).
whenever a sequence { (X,,, Vs, Z,)}in X3 X (0,00) converges to a point (x,y,z) & X3 X (0,0) i.e.
lim x,=x, lim y,=y, lim z,=z.
n - oo, n - oo. n - oo,
Definition1.4. Let A and S be mappings from a D*- metric space (X, D*) into itself.Then the mappings are
said to be weak compatible if they commute at their coincidence point, that is Ax = Sx implies that ASx = SAx.
Definition1.5. The pair (A,S) satisfies the property (E.A) [1], if there exists a sequence { x,,} in X such that
lim D*(Ax,,u,u) = lim D*(Sx,,u,u) =0 for someu € X.
n - oo. n — oo.
Definition1.6. The pairs (A,S) and (B,T) of a D*- metric space (X, D*) satisfy a common property (E.A) if
there exists two sequence { x,}and
{ y,,} such that for some u € X

lim D*(Ax,,u,u) = lim D*(Sx,,u,u)= lim D*(By,,u,u)
n - oo. n — oo.

n — .
= lim D*(Ty,,u,u)=0.
n — .

II. MAIN RESULTS

Theorem2.1. Let S and T be self — mappings of a complete D* - metric space (X, D*) satisfying the following
conditions :

[T g(yds < ¢ ( [ g (s)ds ) Q2.1.1)
D*(x,Sy, z),D*(x,Sy, Tx),}

D*(Tx, x,x),D*(Tx,Sz,5z)
D*(x,Ty,z)+D* (X,Sy,Sx)] +y [D *(Tx,Sy,Ty)+D*(Sx,5y,Ty)

+ B[R 2
+6 D*(y,2,2)

For all x,y £ X, Let @ be the set of all increasing and continuous function E{] : R, — R, such that @(s) < s for

Where L(x,y,z) = amax{

every s &£ (0,0), #(0) =0. Also a, B, y,6 € [0,1] with a+B+y+8 <1.Then S and T have a unique

common fixed point in X.

Proof : Let x, € X be an arbitrary point. Then there exist x,; , x, € X such that
Txy=x; and Sx;=x,.

Inductively, construct sequence {x,} in X such that

Txyn = Xony1 and Sxopnyq =Xopin, for n=0,1,2,............

Now, we prove that {x,} is a Cauchy sequence. Let d,,, = D* (X, Xm, X41)-
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Replacing X, X25-1,X2n4+1 DY X, ¥, Zrespectively in (2.1.1), then we have

D*(x2n+1X2n+1.X2n+2) _ (D*(TxznTSx2n-1,5%2n+1)
Jo B(s)ds = [, 9(s)ds

< ¢ (J‘L(xzn X2n—1.X2n+1) @(s)ds ) (2.1.2)
Where
D*(X2n, SXan-1) X2n4+1) D™ (X2n, SXon—1, TxZn)'}

L(xyp,x x ) =amax{
2n2n—-1 *2n+1
D*(Txpn, X201, X2, D™ (TX 20, SX o041, SX2n41)
+8 [D (x2n,TX2n— 1x2n+1)+D (X2n,Sx2n— 15x2n)]

D*(Tx2n,S%2n-1,T X2n— 1)+D (sznsxzn 1TX2n-1)
+y +68 D" (X2n-1, X2n+1, Xan+1)

D~ (xZn'xZn'x2n+1) D (xZnﬂxZn'x2n+1) }

. D~ (x2n+1'x2*n'x2n)'D (X2n+1 X2n+2, X2n+2)
+B [D (X2n,X2nX2n+1)+D" (X2n,X2n,X2n+1)

=a max{

D*(Xan+1.X2nX2n)+D* (X2n+1.X2n.X2n)
2

+Yy [ +6 D" (X2n—1, X241, X2n+1)
Hence, we get

d2n+1+d2n+1
L(Xon, Xon—1,Xon41) =@ max{ dyp, dop , Aoy » Aoy 1+ B [

dant+1t+danta
+ V[_Z ] + 8 dypse

We now prove that d,,.; = d,, forevery n€N.If d,,,; == d,, for some n €N, by inequality
(2.1.2), we have
dan dan dan
[ G (5)ds < afy? B(s)ds + B [ 8(s)ds +y [ B(s)ds
0 +8 f0d2n+1 B(s)ds
< afodznﬂ B(s)ds +ﬁf0d2n+1 B(s)ds +]/f0d2n+1 B(s)ds
+6 fodzn“ @(s)ds
= (@a+B+y+96) fodzn“ B(s)ds
Which is a contradiction. (as a+B8+y+4§ < 1))
Hence dypq = dyp
Now, replacing X, y, Zby X,p,, Xon_1, X2n—1 respectively in (2.1.1), we obtain
*(X2n+1X2n+1.X2n) D*(Tx2n,TSX2n—1,5X2n-1)
foD B(s)ds = f @(s)ds
< Q)(J‘L(xznxzn 1X2n-1) é(s)ds )
Where
D*(X2n, SX2n-1,X2n-1), D" (Xzn, SXZn—I'TXZn)'}

L(xyp,x b4 ) =amax{
2n2n—-1 *2n-1
D*(TXzn, X2, X2n), D™ (TX25, SX2n-1, SXan-1)
+B [D*(inrTXZn—erZn—l)"'D*(inrSXZn—lrSXZn)

2
+y I:D*(sznrsxzn—er X2n-1)+D"(Sx2n,Sx2n-1TX2n-1)
2
+68 D" (X2n-1, X2n-1, Xan—-1)
D* (xZn' xZn' xZn—l)' D* (xZn' xZn' x2n+1)'}

* *
. D (x2n+1'x2*n'x2n)'D (X2n+1, X2n, X2n)
D*(x2nX2n,X2n-1)+D" (X2n,X2nX2n+1)
+f .
+y [D*(x2n+1,x2n,x2n)+D*(x2n+1,x2n,x2n)
2

=a max{

Hence, we get
L(Xpn, Xon—1,Xn-1) =a max{dy,_,dz,, dp, dyn}

dantdon dontdon
+p [femen] 4y ]
=a max{dy,_1,dsn, don, oy} + B dop +v dzp
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We prove that d,,, = d,,_;, for every n € N. If d,,, 2> d,,_, for some n € N, by inequality (2.1.2), we have
fodzn ?(s)ds = @ (a fdzn @(s)ds + fodzn o(s)ds +y fodzn Q)(s)ds)

0
< a ' o(s)ds + B [ 9(s)ds +y [, " 0(s)ds
= (@+B+y) [} 0(s)ds
Which is a contradiction. (as e+ +y +6 <1.)
Hence d,,, = d,,,_;.

Hence for eachn € N we have d,, == d,,_;. Thus sequence {d,}is lower bounded and decreasing sequence,
hence it is lead to 0. It follows
lim,,_, [+ g(5)ds = 0.

Therefore
lim D*(x,, X%, Xp01) = 0. (2.1.3)

n—-ow

Now, we prove that {x,,}is Cauchy sequence. Suppose that {x,,}is not a Cauchy sequence in X. Then there is
an € > 0 such that for each integer k, there exist integers 2m(k) and 2n(k) with m(k) > n(k) = k such that

D*(xZn(k)'me(k)'me(k)) = € and
D (xZn(k)'me(k)—lﬂme(k)—l) <e€ (2.14)
From (2.1.4), we have
€ < D*(xZn(k)'me(k)'me(k))
= D*(xZn(k)'me(k)—lﬂme(k)—l) + D*(me(k)—lﬂme(k)'me(k))
T € +dymup-1
Letting k = oo and using (2.1.3), we get
lim D (2ng0 Xamgey, Xama) = € (2.1.5)
Similarly, using (2.3) and (2.5), we can show that
,}1_{2 D*(Xan(o +1: Xameey X2m(i)) = ,}1_{2 D*(Xan(ey X2m(k)—1 X2m(k)-1) = €
(2.1.6)
Replacing X, y, Z by Xom ) » Xan()+1 Xam@ey in (2.1.1), we have
D*(Xam(k)X2n(k)+ 1X ) L(X2m (k)% Xam(k))
fo O O = (fo 2m()X2n(+1X2m) g6y )
Where
L(me(k)'x2n(k)+1'x2m(k))
—a max{D*(me(k)'SxZn(k)+1'x2m(k))'D*(me(k)'SxZn(k)+1'Tme(k))'}

D* (Tme(k)' X2m(k)» me(k))' D* (Tme(k)' SXomiy Sme(k))
B D*(xzm(k)rszn(k)+1rx2m(k))+D*(xzm(k)rsxzn(k)+1r5x2m(k))]

+
2

+y [D*(szm(k)rsxzn(k)+1rT xzn(k)+1)+D*(szm(k)rsxzn(k)+1Trx2n(k)+1)]
2

+6 D*(xZn(k)+1'me(k)'me(k))
—a max{ D* (Xamiy Xanty+2 X2mi))» D (Xameiey X2n(io) 120 X2miy+1): }
D*(me(k)H, Xam(iy me(k))'D*(me(k)H' Xam()+1» X2m(i)+1)
+B D" (X2m(i Xan(k) +2X2m(k)) D" (Kam(ky Xan(i +2 X2m(k) +1)
2
+Y [D*(xzm(kﬂlyxzn(k”z'xzn(k)+2)+D*(xzm(k)+1rx2n(k)+2rxzn(k)+2)]

2

+6 D*(xZn(k)+1'me(k)'me(k)
Making k — oo and using (2.1.3), (2.1.5) and (2.1.6), we obtain

foe B(s)ds = o(a foe @(s)ds + B foe ?(s)ds + yfoe O(s)ds + & foe @(s)ds )
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< (a+p+y+96) foe ?(s)ds
Which is a contradiction. (as a+B+y+6 <1.)
This establishes the fact that { x,,}is a Cauchy sequence.

D*(X2n41, X2m4 1 Xome1) = D*(Xani1, Xon, X2n)
+ D" (Xp, Xgmms Xam) + D" (Xom, Xome1) X2me1)

Making n,m » o weget lim D*(Xpni1, Xome1, Xame1) = U. Similarly,
n,m—oo
We get
Hm D" (Xyp41, X2m Xom) = 0
n,m-oo
Hence {x,} isa Cauchy sequence, and due to the completeness of X, {x,} converges to some x in X. That is
lim x,, =x. Hence

n,—oo
lim x,,,,; = lim Sx,, =1lim x,,,, = lim Tx,,,; =%
n,—oo n,—oo n,—oo n,—oo

Now we show that Sx = x. From the inequality (2.1.1), we get

fD*(szn,TSx2n+1,Sx) @(S)ds _ fD*(x2n+1,x2n+2,Sx) Q)(s)ds
~Jo

° ) (f:(xznrxznnrx) @(s)ds )
Where
D*(X2n, SX2n41, %), D" (X2n, SXon41, TxZn)'}
D*(Txzp, X2, X20), D* (TXzn, SX, Sx)
+B [D*(xZn,Tx2n+1,x)+L2)*(xZn,Sx2n+1,Sx2n)
+y [D*(sznrsxznan x2n+1);'D*(sznr5x2n+1Trx2n+1)

L(Xyn, X2n41,X) = max{

+6 D*(Xpp01, %, X)
* *
D*(X2n, X2n42, %), D (xZn'x2n+2'x2n+1)'}
* *
. D (x2n+1:x2n'x2n)'D (X2n4+1, 5%, 5%)
D*(x2n,X2n+2,X)+D* (X2nX2n+2.X2n+1)
+f .
D*(Xan+1 X2n+2X2n+2)+D" (Xan+1.X2n+2X2n+2)
2

=a max{

TY

+6 D*(xpp41, %, %)
On making n — o, we get

fD*(x,x,Sx) Q)(s)ds i: Q) (a fD*(x,x,Sx) @(S)ds ) {: afop*(x,x,sx) @(S)ds ,

0 0
Which is a contradiction. Therefore, it follows that Sx = x. Next we prove that Tx = x. For this, replacing x, y, z by
Xy, X, X 1n inequality (2.1.1), we have

fOD*(szn,Tsx,Sx) @(S)ds _ fOD*(szn,Tx,x) Q)(S)ds
< o ([ o(s)ds )

0

Where

D* (x5, 5%, x), D* (X34, Sx, TX5,,), }
D*(Txyp, Xom) X20), D* (Tx5,, Sx, SX)
+ ﬁ [D*(xZn,Tx,x)+L2)*(xZn,Sx,SxZn)] +y [D*(TxZn,Sx,T x);—D*(SxZn,Sx,Tx)

L(xyp,x,X) =« max{

+6 D*(x,x,%)
D* (x2n' X, X), D* (xZn' X, TxZn)' }
D*(T X, Xam, Xa), D* (T, X, X)
+ ﬁ [D*(xZn,Tx,x)+D*(x2n,x,x)] +y [D*(Tx,x,T x)+D*(x,x,Tx)

2 2
+6 D*(x,x,%)
As n — oo, we have

=a max{

D*(x,Tx) B (D*(exTx)
LCIEE IR Ly T e(s)ds + 5 [0 0(s)ds +
J B(s)ds = @ JRPN
vJ @(s)ds

0
0
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= (a + § + y) fD*(x'x'Tx) o(s)ds

0

Which is a contradiction. So it follows that Tx = x. Hence Tx = Sx = x, that is x is a common fixed point of T,S.
The uniqueness of x follows from the inequality (2.1.1).

Theorem 2.2. Let (X, D*) be a D*- metric space and A,B, C, R, S and T be self- mappings of X s atisfying the
following conditions:

AX) E T(X) and B(X) © R(X) and C(X) £ S(X)
[PTAxBYCD 6 as < g (115 o(s)ds ) 2.2.1)

0 0
D* (SX, Ty, RZ), D* (AX, Ty, RZ),} ﬁ [D* (Ty,By,R z)+D*(Sx,AX,Rz)

D*(Sx,By,Rz),D*(Sx, Ty, Cz) 2
+ 6 D*(Ax, By, Cz)

Where L(x,y,z) = amax{

[D* (Cz,Rz,Sx)+D*(Cz,BYy,Sx)
2

J+v

For all x,y € X, Let @ be the set of all increasing and continuous function B R, — R, such that @(s) =< s for

every s £ (0,0), 3(0) = 0. Also a,B,y,8 €[0,1] witha+ B+ y + 8§ < 1. Suppose that two of the pairs (A,S),
(C,R) and (B,T) satisfy the common property (E.A); pairs (A,S), (C,R) and (B,T) are weakly compatible, and one
of the R(X), T(X) and S(X) is a closed subset of X. Then A, B, C,R, Sand T have a unique common fixed point
in X.
Proof. Suppose that (A,S),and (B,T) satisfy a common property (E.A). Then there exists two sequences {x,}
and {y,} in X such that for some uf= X.

lim,,_,o, D*(Ax,,,u,u) = lim,,_,., D*(Sx,, u,u)

lim,, D*(By,, w,u) =lim,_, D*(Ty,,u,u) =0

As B(X) & R(X), there exists a sequence {z,} in X such that By, = Rz,.

Thus lim Rz, =u. Now we prove that lim Cz, =u. Replacing x,,y,,Z, by X, y, z respectively in (2.2.1), we

n—-oo n—-oo

obtain
fOD (Axn,Byn,Czyn) (Z)(s)ds ) (fOL(XnVYn,Zn) (Z)(s)ds )
D~ (an' Ty, Rzn)' D~ (Axn' Tyn, Rzn)'}

D*(Sx,,, By,,Rz,),D*(Sx,,Ty,,Cz,)
D*(Tyn,Byn,Rzn)+D*(Sxpn,Axn,RZy) D*(Czy,Rzp,Sx0n)+D*(CZp,BYn,Sxn)
+8 | 2 J+r] 2

+ 6 D*(Ax,, By,,Cz,)
Hence lim L(x,,y,,2,) = amax{O, 0,0,D* (u, u, lim Czn)}
n—-oo n—-oo

Where L(x,, Vn,Zy) = amax{

wf 1 P
D (%LngoCZn,u,u)+D (%LngoCzn,u,u)

+y 3

] +6 D* (u,u, 7li_{r(EOCzn)

=(a+y+6)D* (u,u, lim Czn)
n—-oo
On making n — oo in above inequality, we get

(e fim Con )
0

ID*(“'“%L‘EOCZ”) B(s)ds = 0 ((a +v+9) foD* Q(S)ds>

D*(u,u, lim Cz,
<(a+y+9) ] (s frg Con) @(s)ds,

Which is a contradiction. (assa+pf+y+6 <1)
Hence lim Cz, = u. Assume that S(X) is a closed subset of X.. Then there exists v € X such that Sv=u.

n—o0o

If u 7= Av, then using (2.2.1) we obtain

fOD*(AV,BanCZn) @(S)ds i: Q) (f:(VranZn) @(S)ds )
D*(Sv, Ty,,Rz,),D*(Av, Ty,, Rzn),}

D*(Sv, By,,,Rz,),D*(Sv, Ty,, Cz,)
D*(Tyn,Byn,Rzn)+D*(SV,AV,RZn)] +y [D*(Czn,Rzn,Sv)+D*(Czn,Byn,Sv)

+ﬁ[ > 2

Where L(v, y,,,2,) = amax{

+ & D*(Av, By,,Cz,).
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As n — oo, it follows that
Hence
J«D*(Av,u,u)

D*(Av,uu).
0 J

?(s)ds = @((a+§+6) o B(s)ds )

= (a + g + 6) fOD*(AV'u'u)' ?(s)ds ,

Which is a contradiction. (assa+p+y+46 <1)
Therefore Av =Sv =u. Since A(X) & T(X), there exists w &£ X such that Av=Tw =u. If u # Bw, using
(2.2.1) we obtain
fOD*(AV,BW,CZn) o(s)ds < @ ( fOL(V,w,Zn) 0(s)ds )
D*(Sv,Tw,Rz,), D*(Av, Tw, Rzn),}

D*(Sv,Bw,Rz,),D*(Sv,Tw,Cz,)
D*(TW,BW,RZn)+D*(SV,AV,RZn)] +y [D*(Czn,Rzn,Sv)+D*(Czn,Bw,Sv)

+8 | 2 2
+ 6 D*(Av, Bw, Cz,).

As n — oo, it follows that

Hence

fOD*(u,Bw,u) B(s)ds == @ ((a + g + g + 6) fOD*(u,Bw,u). 0(s)ds )
< (a +E84L4 6) [B g(yds

Which is a contradiction. (assa+p+y+d6 <1)

Therefore, Bw = u. Since B(X) & R(X), there exists e € X such that Re = Bw = u. If e & Re, using (2.2.1) we

obtain

Where L(v,w, z,) = amax{

fD*(Av,Bw,Ce)
0

Where L(v,w, e) = amax{

?(s)ds = Q)(fOL(V'W'e) ?(s)ds )
D*(Sv,Tw,Re), D*(Av, Tw, Re),}

D*(Sv,Bw, Re), D*(Sv, Tw, Ce)
D*(Tw,Bw,Re)+D*(Sv,Av,Re)] +y [D*(Ce,Re,Sv)+D*(Ce,Bw,Sv)

+8 | 2 2
+ 6 D*(Av, Bw, Ce)

As n — oo, it follows that

Hence

D*(u,u,Ce).

fOD*(u,u,CE) Q)(S)ds = @((a + y+ 6) fo @(S)ds )
< @+y+8) [ o(ds

0
Which is a contradiction. (assa+pf+y+d6 <1)

Hence Ce = u. That is,

Av=Sv=Bw= Tw=Re=Ce=u.

By weak compatibility of the pairs (A,S), (B,T), and (R,C), we get Au= Su, Bu=Tu and Ru=Cu. If u ¥ Au,
then using (2.2.1), we have

fOD*(Au,Bw,Ce) Q)(s)ds i: Q) (foL(u,w,e) Q)(s)ds )
D*(Su,Tw, Re), D*(Au, Tw, Re),}

Wh L ) ) = * *
ere L(w,w, €) “maX{D (Su, Bw, Re), D*(Su, Tw, Ce)
D*(Tw,Bw,Re)+D*(Su,Au,Re)] +y [D*(Ce,Re,Su)+D*(Ce,Bw,Su)

+8 | 2 2
+ 6 D*(Au, Bw, Ce)
Asn — oo, it follows that

Hence
fOD (Au,uu) Q)(s)ds < Q)((a+ §+ 6) fOD (Au,u,u). Q)(S)ds )
< (a+ L+8) [y M g(s)ds |
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Hence Au = Su =u. Similarly, we can prove that Bu = Tu =u and Ru = Cu=u. Thusuis a common fixed point of
A, B, C,R, S and T. The uniqueness of u follows from inequality (2.1.1).

REFERENCES

[1]. B.C. Dhage, Generalised metric spaces and mappings with fixed point, Bull. Calcutta Math. Soc. 84(1992)pp.329-336.

[2]. B.E. Rhoades, A fixed point theorem for generalized metric spaces, Internat. J. Math. Math. Sci. 19(1996),pp.145-153.

[3]. B.E. Rhoades, K. Tiwary and G.N. Singh, A common fixed point theorem for compatible mappings, Indian J. Pure
Appl.Math.26(5) (1995), pp.403-409.

[4]. B. Singh and R.K. Sharma, Common fixed points via compatible maps in D — metric spaces, Rad. Mat. 11(2002), pp.145-
153.

[5]. D. Mihet, A Banach contraction theorem in fuzzy metric spaces, Fuzzy sets and Systems 144(2004), pp.431-439.

[6]. G. Jungck, Commuting maps and fixed points, Amer Math Monthly 83(1976) pp.261-263.

[7]. G. Jungck and Rhoades B.E, Fixed points for set valued functions without continuity, Indian J. Pure Appl. Math. 29(1998)
pp. 227-238.

[8]. I. Altun, H.A. Hancer and D. Turkoglu, A fixed point theorem for multi-maps satisfying an implicit relation on metrically
convex metric spaces, Math. Communications 11(2006), pp. 17-23.

[9]. J. Jachymski, Common fixed point theorems for some families of maps, Indian J. Pure Appl. Math. 55(1994), pp.925-937.
[10]. K. Tas, [1]. M. Telci and B. Fisher, Common fixed point theorems for compatible mappings, Internat.
J.Math.Math.Sci.19(3)(1996), pp.451-456.

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

[12]. M. Imdad, S. Kumar and M.S. Khan, Remarks on some fixed point theorems satisfying implicit relation,
Rad.Math.11(2002), pp. 135- 143.

[13]. N.A. Assad and S. Sessa, Common fixed points for nonself — maps on compacta, SEA Bull. Math. 16(1992), pp. 1-5.

[14]. N. Chandra, S.N. Mishra, S.L. Singh and B.E. Rhoades, Coincidences and fixed points of nonexpansive type multi-valued
and single — valued maps, Indian J. Pure Appl. Math. 26(1995), pp. 393-401.

[15]. R.O. Davies and S. Sessa, A common fixed point theorem of Gregus type for compatible mappings, Facta
Univ.Ser.Math.Inform.7(1992), pp. 51-58.

[16]. S.M. Kang, Y.J. Cho and G. Jungck, Common fixed points of compatible mappings, Internat. J. Math. Math. Sci. 13(1990),
pp. 61-66.

[17]. S.V.R. Naidu, K.P.R Rao and N. Srinivasa Rao, On the topology of D — metric spaces and the generation of D — metric
spaces from metric spaces, Internat. J. Math. Math. Sci. 51(2004), pp.2719 — 2740.

[18]. S.V.R. Naidu, K.P.R Rao and N. Srinivasa Rao On the concepts of balls in a D - metric space,
Internat.J.Math.Math.Sci.1(2005), pp.133-141.

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

[20]. S. Sessa and Y.J. Cho, Compatible mappings and a common fixed point theorem of Chang type, Publ. Math. Debrecen,
43(1993), pp. 289-296.

[21]. S. Sessa, B.E. Rhoades and M.S. Khan, On common fixed points of compatible mappings, Internat.
J.Math.Math.Sci.11(1988), pp.375-392.

[22]. S. Sharma and B. Desphande, On compatible mappings satisfying an implicit relation in common fixed point
consideration, Tamkang J.Math.33(2002), pp.245-252.

[23]. Shaban Sedghi, M.S. Khan and Nabi Shobe “ Fixed point theorems for Six weakly Compatible Mappings in D*- metric
spaces’ J.Appl.Math. & Informatics Vol. 27(2009) pp. 351-363.

[24]. V. Popa, A general coincidence theorem for compatible multivalued mappings satisfying an implicit relation, Demonstratio
Math.33(2000),pp. 159-164.

[25]. W. Liu, J. Wu and Z. Li, Common fixed points of single- valued and multi- valued maps, Internat. J. Math. Math. Sci.
9(2005)pp.3045-3055.

[26]. Y.J. Cho, P.P. Murthy and G. Jungck, A common fixed point theorem of Meir and Keeler type,
Internat.J.Math.Sci.16(1993), pp.669-674.



