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ABSTRACT
In this paper we have established the C-Class function of coincidence and common fixed point theorems of self maps
for altering distance function and ultra altering distance function of weak contraction in regular cone metric spaces.
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1. INTRODUCTION AND PRELIMINARIES

In 2007, Huang and Zhang [6] introduced the concept of cone metric spaces and fixed point theorems of contraction
mappings; Any mapping T of a complete cone metric space X into itself that satisfies, for some 0 < k < 1, the
inequality d(Tx,Ty) < kd(x,y),Vx,y € X has a unique fixed point.Arslan Hojat Ansari,Sumit Chandok, Nawab
Hussin and Ljiljana Paunovic are discuss the concept of fixed points of (v, ¢)- weak contractions in regular cone
metric spaces via new function[11,12].

In this paper, we discuss about common and coincidence fixed point theorems of self maps for altering distance
functions and ultra altering distance functions of weak contractions in regular cone metric spaces via C-Class function.
Also our result is supported by an example.

Definition 1.1: [6] Let E be a Banach space. A subset P of E is called a cone if and only if:
1. Pisclosed, nonempty and P # 0
2. ax + by € P forall x,y € P and nonnegative real numbers a, b
3. Pn(—P)={0}.

Given a cone P c E, we define a partial ordering < with respect to P by x < y if and only if y — x € P. We will write
x <y to indicate that x < y but x # y, while x, y will stand for y — x € intP, where intP denotes the interior of P.
The cone P is called normal if there is a number K > 0 such that 0 < x <y implies || x IS K || y || for all x,y € E.
The least positive number satisfying the above is called the normal constant.

The cone P is called regular if every increasing sequence which is bounded from above is convergent. That is, if {x,} is
sequence such that x; < x, < - < x,, -+ <y for some y € E, then there is x € E such that || x, —x - 0asn — 0.
Equivalently the cone P is regular if and only if every decreasing sequence which is bounded from below is
convergent. It is well known that a regular cone is a normal cone. Suppose E is a Banach space, P is a cone in E with
intP # 0 and < is partial ordering with respect to P.
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Example 1.2: [15] Let K > 1 be given. Consider the real vector space with
1
E={ax+b:a,beR;x€]l _E'l]}

with supremum norm and the cone
P={ax+b:a=0,b <0}
in E. The cone P is regular and so normal.

Definition 1.3: [6] Let X be a nonempty set. Suppose the mapping d: X X X — E satisfies
1. d(x,y) =0, andd(x,y) =0ifandonlyifx =y Vx,y € X,
2. d(x,y)=d(y,x), Vx,y € X,
3. d(x,y) <d(x,z)+d(z,y), Vx,y,z€ X,
Then (X, d) is called a cone metric space simply Cone metric space

Lemma 1.4: [9] Every regular cone is normal.

Example 1.5: Let E = R?
P ={(xy):xy =0}

X =Randd:X x X - E such that
dx,y)=>x—ylalx—=yl

where ¢ > 0 is a constant. Then (X, d) is a Cone metric space.

Definition 1.6: be a sequence in X. Then {x,},—, converges to x in X whenever for every ¢ € E with 0 < ¢, there is a
natural number N € N such that d(x,,, x) « ¢ foralln = N. It is denoted by lim,,_,,x,, = x or x,, = x.

Definition 1.7: Let (X,d) be a Cone metric space and {x,}n—, be a sequence in X. {x,}no is @ Cauchy sequence
whenever for every ¢ € E with 0 < ¢, there is a natural number N € N, such that d(x,, x,,) < & forall n,m > N.

Lemma 1.8: Let (X, d) be a Cone metric space with regular cone P such that d(x, y) € intP, Let {x, } be a sequence in
X. If {x,,} converges to x and {x,,} converges to y, then x = y. That is the limit of {x,,} is unique.

Definition 1.9: Let (X,d) be a Cone metric space, if every Cauchy sequence is convergent in X, then X is called a
complete Cone metric space.

Lemma 1.10: Let (X, d) be a Cone metric space with regular cone P such that d(x,y) € intP, Let {x,} be a sequence
in X. Then {x,,} is a Cauchy sequence if and only if d(x,, x,;,) = 0(n,m — o).

Definition 1.11: Let T and S be two self maps defined on a set X maps T and S are said to be commuting of
TSx = STx forall x € X

Definition 1.12: Let T and S be two self maps defined on a set X maps T and S are said to be weakly compatible if they
commute at coincidence points. that is if Tx = Sx forall x € X then TSx = STx

Definition 1.13: Let T and S be two self maps on set X. If Tx = Sx, for some x € X then x is called coincidence point
of Tand S

Lemma 1.14: Let T and S be weakly compatible self mapping of a set X. If T and S have a unique point of
coincidence, that is w = Tx = Sx then w is the unique common fixed point of T and S.

Definition 1.15: An altering distance function is a function ¢: P — P which satisfies:
1. ¢ iscontinuous.
2. et)=0ifandonlyif0 <t

Definition 1.16: [11] An ultra-altering distance function is a function i: P — P which satisfies
1. 4 is continuous and non-decreasing
2. Y(0)>0.
3. Yty +t2) SY(ty) + (L)

Definition 1.17: [12] A mapping F: P? - P is called cone C-class function if it is continuous and satisfies following
axioms:

1. F(st)<s;

2. F(s,t) = s implies that eithers = 0 ort = 0; forall s,t € P.
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We denote cone C-class functions as C.

Example 1.18: [11] The following functions F: P? — P are elements of C, for all s, ¢ € [0, c0):
1. F(s,t) =s—t,

F(s,t) = ks, where 0 < k < 1,

F(s,t) = sB(s), where 8:[0,) — [0,1),

F(s,t) =¥(s),where:P - P ,¥(0)=0,¥(s) >0forall s € Pwiths = 0and ¥(S) < sforalls € P.,

F(s,t) = s — @(s), where ¢: [0, ) — [0, ) is a continuous function such that ¢ (t) =0 & t = 0;

F(s,t) = s — h(s,t), where h: [0, ) X [0,00) — [0, o) is a continuous function such that

h(s,t) =0 t=0forallt,s > 0.

7. F(s5,t) =@(5),F(s,t) =s =5 =0, here ¢:[0,00) — [0,00) is a upper semi continuous function such that
@(0)=0and p(t) < tfort > 0.

ok wd

Lemma 1.19:[12] Let i and ¢ are altering distance and ultra altering distance functions respectively , F € C and {s,,} a
decreasing sequence in P such that

lp(sn+1) < F(l/) (Sn)'ﬁa (Sn))

foralln = 1. Then lims, = 0.
n—-oo

2. MAIN RESULTS

Theorem 2.1: Let (X, d) be a complete Cone metric space with regular cone P such that d(x,y) € intP, for x,y € X .
Let T: X — X be a mapping satisfying the inequality

Y((Tx,Ty)) < F ($(d(x,)), 0(d(x,3))) for x,y\inX (2.1)
where ¥ and ¢ are altering distance and ultra altering distance functions respectively,F € ¢ such that

(D Yt +s) <P(&) +P(s).
(ii) either Y(t), (t) < d(x,y) or d(x,y) < P(t), p(t), for t € intP U {0} and x,y € X. Then T has a unique fixed
point in X.

Proof: Let x, € X be arbitrary and choose a sequence {x,} such that x,,,; = Tx,, = T"x,.

Take x = x,,y = x,_ Case 1:
l/)(d (xnr xn+1)) = w(d(Txn—l' Txn)) < F(lp(d (xn' xn+1))' (p(d(xnr xn+1)))

Since 1 is non-decreasing and monotone, we have
d(xn' xn+1) < d(xn' xn—l) + d(xn+1rxn)

Suppose the sequence d(x,, x,.1) is decreasing and monotone. Since regular cone P such that 0 < d(x,,, x,+1) € intP,
for all n € N, there exists A € P such that
d(Xp, Xpe1) 2 A asn - o

Since ¢, are continuous and
lp(d(xn 'xn—l) + d(xn+1'xn)) < lp(d(xn' xn—l)) + w(d(xn+1ﬁxn))
< Fp(d(xn-1, %0 )), 9(d(Xp-1, X5 ))) + W (d(x_(n + 1),x_n)))

We have by taking n — o
YD) < F D), (D) + (D)

which is a contradiction unless A = 0. Hence d(x,, x,41) = 0 asn — oo.

Let € € E with 0 « ¢ be arbitrary. Since d(x,, X,+1) = 0asn — oo, there exists m € N such that
YA (X Xm41)) K (@ (e/2)).

Let B(x, €) = {x € X:Y(d(xpm, x)) K €}. Clearly, x,,, € B(x,,, €). Therefore, B(x,,, €) is nonempty. Now we will

show that Tx € B(x,,, ), for x € B(x,,,€). Let x € B(x,,,&). Case (ii) Consider iy, we have the following two
possible sub cases.

Case-(i): @(d(x,xm)) < @(e/2),¥(d(x, xy)) < @(g/2) or
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Case-(ii): @(g/2) < p(d(x, %)), @(e/2) < Y(d(x,x,,)). Here we have, Case (i):
Y(A(Tx, %)) < Y(A(Tx, Txp) + d(Xp, Tx))
< F ($(d@ ), 9(dCt, %)) ) + 9 (d o, T))

< F ($(dCoxm), @(dC x)) ) + 9 (Ao X))
<F <<p (5).0 (;)) +o ((p (g))

& & & &
<P -eRD e <5 <e

Case-(ii): Yd(Tx, x,,)) < Y(d(Tx,Txy) + d(%m, TX))
< P(d(Tx, Txp)) + ¢ (A0, Txp))
<F (lp(d(x, xm)),(p(d(x,xm))) + z,b(d(xm, Txm))

< YP(d(x,xm) — @ (2) to ((p (g))
< (1) (because p(de,x) = o G) W(dx, Txy)) < ¢ ((p G))) <e

In any case Tx € B(x,,, &) for x € B(x,,, €). Therefore, T is a self mapping of B(x,,, €). Since x,,, € B(x,,, €) and
Tx,_4 = x5, = 1, it follows that x,, € B(x,,, €), for all n = m. Again, c is arbitrary. This establish that {x,} is a
Cauchy sequence. From the completeness of X, there exists x € X such that x,, - x asn — co. Now,

(W (d(xn, Tx)) = P(A(Txn-1, Tx)) < F(P(d(¥n-1, X)), 9(d(Xn-1,X))))-

Taking n — oo, we have,
Y(d(x,Tx)) < 0.

But ¥ (d(x,Tx)) = 0. This implies that d(x, Tx) = 0 and x = Tx. That is x is a fixed point of T.

If y € X, with y # x, is a fixed point of T. Then ¢(d(x,y)) € intP and so
Y(d(x,y) = Y(Tx, Ty) < F((d(x, y)), ¢(d(x,¥))) < kp(d(x,y)), where 0 < k <1

which is a contradiction and hence d(x,y) = 0, i.e.x = y.

Definition 2.2: Let (X, d) be a Cone metric space and let T, S: X — X be a pair of mappings is said to be a weakly
@, p)-pair, if

d(Tx,Ty) < F(Y(Mrs(x,y)), ¢(Mr,5(x,¥))), (2.2)
for all x,y € X, for some z € M 5. where

My ¢ = max{d(Sx, Sy),d(Tx,S5x),d(Ty,Sy)}.

Lemma 2.3: [2] Let (X,d) be a Cone metric space with regular cone P such that d(x,y) € intP, for x,y € X with
x #y. Let ¢:intP U {0} — intP U {0} be a function with the following properties:
(i) () =0ifandonlyift =0,
(if) (p(t) «t,fort € intP and
(iii) either @(t) < d(x,y) or d(x,y) < @(t), for t € intP U {0} and x,y € X. Let {x,} be a sequence in X for
which {d (x,, x,,1)} is monotonic decreasing. Then {d (x,, x,+1)} IS convergent to either 1 = 0 or A € intP.

Theorem 2.4: Let (X, d) be a Cone metric space with regular cone P such that d(x,y) € intP, for all x,y € X. Let
T,S:X — X be a mapping and weakly (i, ¢)-pair. If Tx c Sx and Sx is a complete subspace of X, then T and S have a
unigque point of coincidence in X. Moreover, if T and S are weakly compatible, then T and S have a unique common
fixed point in X.

Proof: Suppose x, is an arbitrary initial point of X and construct (T'(x,)) be a T-S-sequence with initial point x,. If
T(x,) = T(x,_,) for some n € N, then T(x,,) = T(x,) for all m € N with m >n and so (T(x,)) is a Cauchy
sequence. Therefore we consider that T (x,,) # T (x,_,) foralln € N.

We have for all n > 0,

Y(Ad(Txn+1, Txne2)) < F(Y(2), 9(2))
where z € MT,S (xn+1' xn+2) = {d(Txn' Txn+1)' d(Txn+1' Txn)' d(Txn+2' Txn+1)}-

If z=d(Txp 41, TXp42), then we have

lp(d(Txn+1' Txn+2)) < F(lp(d(Txn+1' Txn+2))' (p(d(Txn+1' Txn+2))- (2-3)
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Using a property of iy and ¢, the inequality (2.3) hold if and only if d(Tx, 41, fny2) =0 and Tx, 1 = Txpio, @
contradiction. Now if z = d(Tx,, Tx,41), then,

lp(d(Txn+1'Txn+2)) < F(lp(d(Txn'Txn+1))' (p(d(Txn' Txn+1)))- (2-4)

Using a property of ¢, we have for alln > 0,
w(d(Tx‘rHl' Txn+2)) = lp(d(Txn' Txn+1))'

which implies that
d(Txn+1' Txn+2) =< d(Txn' Txn+1)'

Since 1 is strongly monotone increasing. Therefore, {d(Tx,, Tx,+1)} iS @ monotone decreasing sequence. Hence by
Lemma (2.3), there exists an r € P with either 1 = 0 or r € intP, such that
d(Txp, Txpeq) > 23S N> 00, (2.5)

Letting limitas n — o in (2.4), using (2.5) and the continuities of ¥ and ¢,
YD) < F@), (D)

which is a contradiction unless A = 0. So we must have,
d(Txp, Txpe) > 0 asn - oo, (2.6)

Now we claim that {T'x,,} is a Cauchy sequence. If {Tx,} is not a Cauchy sequence, then there exists a ¢ € E with
0 « &, such that forn, € N there existn,m € N with n > m > n, such that d(Tx,,, Tx,) < ¢(€). Hence by a property
of ¢, p(¢) < d(Tx,,, Tx,). Therefore, there exist sequences {m;} and {n;} in N such that for all positive integers k,

n; >m; >k and d(Txp, Txy,) = @(€).

Assuming that n; is the smallest such positive integer, we get
d(Txmi' Txni) 2 (p(‘g)

Andd(Txmi, Txnl._l) < p(e).

Now,

(&) < d(Txpm;, Txp,) < d(Txp;, Txn,—1) + d(Txy—1, Txy,)
that is,

(&) < d(Txpm;, Txy) < @(€) +d(Txn,—1, Txy,).

Letting i — oo in the above inequality, using inequality (2.6), we have
limi e d(TXp;, Txy,) = @(€). (2.7)

Again,

A(Txp, Txn) < d(Txpp Ty, ) + ATy, TXpyg1) + d(Txn 40, TXy,)
and

d(Txmi+1' Txni+1) < d(Txmi+1' Txmi) + d(Txmi' Txni) + d(Tx‘n.il Txni+1)

Letting i — oo in the above inequalities, using (2.6) and (2.7), we have
limioood(Txm;, 1 Txn;, ) = @(€). (2.8)

PULting x = X;p,,,, and Y = Xp 41 iN (2.2), we haved (T X, ,, TXn41) < F@P(2), 9(2))
where
Z€Mrs(x,y) = {d(Sxmm,aniH), d(Txmm,SxmiH), d(Txnl.H,aniH)}
= {d(Txmy Txn,), (T, 1 T, ) A(T X1, T, )}

Case-1: If z = d(Txy,,, Txy,) and letting i — oo the above inequality, using (2.7), (2.8) and the continuities of and ¢,
we have

P(p(e) < FY(e(e), p(@(e))).

li only true for ¢ (&) = 0. This implies ¢ = 0, a contradiction to 0 < &.

Case-2: If z = d(Txpm,,,, Txm,) and letting { — oo the above inequality, using (2.7), (2.8) and the continuities of ¢ and
1, we have

Y(p(e)) < F(0), 9(9(0))) = 0.
This implies that Y (¢ (g)) = 0 = @(e) = 0 = ¢ = 0. It is again a contradiction.
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Case-3: Similarly in case.2 we get a contradiction.
Therefore {Tx,} be a Cauchy sequence in Sx. Since Sx is complete, there exists a g € Sx such that {Tx,} - q as
n — oo. Since q € Sx, we can find p € X such that Sp = q. Now, putting x = x,,,; and y = p in (2.2), we have

Y(d(Txn41,Tp)) < F(Y(2), 9(2)),
where z € My s(Xp41,p) = {d(Txy, Sp), d(Txy41, Txy), d(Tp, Sp)}. Now

Case-1: If z = d(Tx,, Sp), then
Y(d(Txn41,Tp)) < FP(d(Txn, SP)), 9(d(TXy, Sp))),

Letting limit n — oo, we have

Y(d(q,Tp)) < F(¥(d(q,9)), ¢(d(q,9))),
i.e. ¥(d(q,Tp)) < 0. By definition of ¥, ¥ (d(q, Tp)) = 0, so we have Y (d(q,Tp)) = 0 implies Tp = q = Sp.

Case-2: If z = d(Tx,41, Txy), then
Y(d(Txn41,Tp)) < FP(A(Txn11, Tx3)), 9(A(TXp41, Txn))),

Letting limit n — oo, we have

Y(d(q,Tp)) < F(¥(d(q, ), ¢(d(q, D)),
i.e. Y(d(q,Tp)) < 0. By definition of i, Y (d(q, Tp)) = 0, so we have (d(q, Tp)) = 0 implies Tp = q.

Case-3: If z = d(Tp, Sp), then
Y(d(Txp41,Tp)) < F(d(Tp, Sp)), ¢ (d(Tp, 5p))),

Letting limit n — oo, we have
Y(d(q,Tp)) < F@(Tp, ), ¢(Tp, q)).

This is contradiction if (d(Tp, q)) # 0. Hence d(Tp,q) = 0 and Tp = q. Therefore, we have
q =Tp = Sp.

Hence p is a coincidence point and q is a point of coincidence of T and S.

We next show that the point of coincidence is unique. For this, assume that there exists a point g in X such that
z; = Tq = Sq. Then, from (2.2)

Y(d(Tp,Tq)) < F(¥(2), ¢(2)) (2.9)
where z € {Mrs(p,q) = {d(Sp,Sq), d(Tp,Sp), d(Tq,Sq)}.

Case-1: If z = d(Sp, Sq), then from (2.9)
Y(d(q,21)) < F(Y(d(q,21)), ¢(d(q,21))),

it is only true for d(q,z,;) = 0. Hence q = z;.

Case-2: If z = d(Tp, Sp), then from (2.9)

Y(d(g,21)) < F(¥(d(g,9)), ¢(d(q,9))) =0,
i.e.d(q,z;) <0.Butd(q,z;) =0.Hence q = z,.

Case-3: If z = d(Tq, Sq), then from (2.9)

Y(d(q,21)) < F(Y(d(z1,21)), ¢(d(21,21))) = O,
i.e.d(q,z;) <0,butd(q,z;) = 0.Hence d = z;.

Therefore, g is the unique point of coincidence of T and S. Now, if T and S are weakly compatible, then by Lemma
(1.14), z is the unique common fixed point of T and S. Hence the roof is completed.

Example 2.5: Let X = [0,1] U {2,3,---}, E = R? with usual norm, be a real Banach space, P = {(x,y) € E:x,y = 0}
be a regular cone and the partial ordering < with respect to the cone P, be the usual partial ordering in E. We define
d:XxX—>FEas
(lx —}’|;|x —J’D’ ifx'y € [O,l],x Yy
fx) =L (x+y,x+y),if at least one of x or y ¢ [0,1]and x # v,
(0,0), if x =y.
for x,y € X. Then (X,d) is a complete Cone metric space with d(x,y) € intP, for x,y € X. Define i, p: P U {0} -
P U {0} as
Y(ty, t) = (4, t5),if ty, t; € [0,1],
= (t,t?), for otherwise.
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1 2 1 2 i
oty t;) = (Etl'ztz),lf t1,t; €[0,1],
= (%,%) , for otherwise.

Let T: X — X be defined as

1
Tx = x—Exz, if x € [0,1],
=x—-1, ifxe{23-}.

Without loss of generality, we assume that x > y and discuss the following cases.

Case-1: For x,y € [0,1]. Then

(e ) = PG 529~ (y=5332). (= 322) = (v = 332))

1 1
=F((x—y)—E(x—y)(x+y).(x—y)—E(x—y)(x+y)>

1 1
< F(((x—y) —E(x—y)z,(x—y) —E(x—y)2>>
=yY(d(x,y)) — ed(x,)))

Case-2: For x € {3,4,:--}. Then, If y € [0,1]

1 1 1
d(Tx,Ty)=d(x—1,y—zy2)=(x—1+y—§y2,x—1+y—§y2)s x+y—1,x+y—1).

Ify €{2,3}

d(Tx,Ty) =dx—-1y-1)=x+y—-2,x+y-2)<(x+y—1x+y—1).

Therefore

@ATx,Ty)) <F((x+y-1D%4x+y—-1)?)
<F(x+y—-Dx+y-D,(x+y—-Dkx+y—-1))
<F((x+y)?-1,x+y)?-1)

2 1 2 1
<F((x+y) —E,(x+y) 1-;)

= PG+ 9% G+ 9D = (5,3) = $(dC0 ) - 0@ ).

Case 3. Forx =2 and y € [0,1]. Then, Tx = 1, and

1, 1,
dTxTy) =F(1- @ -5y)1 -G -5y ) <@L

So, we havey (d(Tx, Ty)) < ¢¥(1,1) = (1,1).

Againd(x,y) = (2+y,2+y). So,

@ (d(Tx,Ty)) < F((d(x,¥)), ¢(d(x,¥)))

=F(2+ %2+ - o(d(x,y))
11
=F@+9% @+~ (5.5)

7 7
=F<E+4y+y2,§+4y+y2)

> (L) =9(d(Tx,Ty)).)

By Theorem 2.1 and 0 is the unique fixed point of T.

REFERENCES
1. LAltun, M. Abbas and H. Simsek, A fixed point theorem on Cone metric spaces with new type contractivity,
Banach J. Math. Anal. 5(2), (2011), 15-24.
2. B.S. Choudhury and N. Metiya, The point of coincidence and common fixed point for a pair of mappings in
Cone metric spaces, Comput. Math. Appl. 60(6), (2010), 1686-1695.
3. G.Jungck, Compatible mappings and common fixed points, Int. J. Math. Math. Sci., 9, (1986), 771-779.
4. D. Ili¢ and V. Rakocevié¢, Common fixed points for maps on cone metric space, J. Math. Anal. Appl. 341

(2008), 876-882.

© 2017, IJMA. All Rights Reserved 148



10.
11.

12.

13.

14.

15.

D. Dhamodharan** and R. Krishnakumar® /
Common Fixed points of (), @)-weak contractions in regular cone metric spaces / I/MA- 8(8), August-2017.

G. Jungck, S. Radenovi¢, S. Radojevi¢ and V. Rakocevié, Common fixed point theorems for weakly
compatible pairs on Cone metric spaces, Fixed Point Theory Appl. 2009, Art. ID 643840, 13 pp.

H. Long-Guang and Z. Xian, Cone metric spaces and fixed point theorems of contractive mappings, J. Math.
Anal. Appl. 332 (2007), 1468-1476.

Y. Song, Coincidence points for noncommuting f-weakly contractive mappings, Int. J. Comput. Appl. Math. 2
(2007), no. 1, 51-57.

QingnianZhanga and Yisheng Songb, Fixed point theory for generalized ¢-weak contractions, Appl.Math.
Lett. 22 (2009), 75-78.

Sh. Rezapour and R. Hamlbarani, Some notes on the paper - Cone metric spaces and fixed point theorems of
contractive mappings, J. Math. Anal. Appl. 345 (2008), 719-724.

P. Vetro, Common fixed points in cone metric spaces, Rend. Circ. Mat. Palermo 56 (2007), 464-468.
ArslanHojat Ansari, SumitChandok, Nawab Hussin and Ljiljana Paunovic, Fixed points of (y, $)- weak
contractions in regular cone metric spaces via new function, J. Adv. Math. Stud. Vol. 9(2016), No. 1, 72-82
12.ArslanHojat Ansari, Note on ¢ — y-contractive type mappings and related fixed point, The 2nd Regional
Conference on Mathematics And Applications, PNU, September 2014, 377-380.

Krishnakumar.R and Marudai.M, Cone Convex Metric Space and Fixed Point Theorems, Int. Journal of Math.
Analysis, 6(22) (2012), 1087-1093.

Krishnakumar .R and Dhamodharan .D, Common Fixed Point of Four Mapping With Contractive Modulus on
Cone Banach Space, Malaya J. Mat., 5(2)(2017), 310-320.

Krishnakumar.R and Dhamodharan. D, Fixed Point Theorems in normal cone metric space, International J. of
Math. Sci. Engg. Appls. 10(111)(2016), 213-224.

Source of support: Nil, Conflict of interest: None Declared.

[Copy right © 2017. This is an Open Access article distributed under the terms of the International Journal
of Mathematical Archive (IJMA), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.]

© 2017, IJMA. All Rights Reserved 149




