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Abstract Let P be a sub set of Banach space E and P is normal and regular cone on E; we generalize and obtain
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I. INTRODUCTION AND PRELIMINARIES

Fixed point theory plays a basic role in applications of various braches of mathematics, from elementary calculus
and linear algebra to topology and analysis. Fixed point theory is not restricted to mathematics and this theory
has many applications in other disciplines. This theory is closely related to game theory, military, economics,
statistics and medicine. Much work has been done involving fixed points for multivalued contractions and none
expansive maps using the Hausdorff metric was initiated by Markin [1].Later, an interesting and rich fixed point
theory for such maps was developed. Nadler Jr. [2] has proved valtivalued version of the Banach contraction
principle which states that each closed bounded valued contraction map on a complete metric space has a fixed
point(see also[3],[4],[51,[6],[7]and[8]).

Quiet recently, Huang and Zhang [9] introduced the concept of cone metric space, replacing the set of positive
real numbers by an ordered Banach space. He also gave the condition in the setting of cone metric space. These
authors also studied the strong convergence to a fixed point with contractive constant in metric space and
introduce the corresponding notion of completeness. Subsequently many authors have generalized the results of
Huang and Zhang [9] and have studied fixed point theorems for normal and non-normal cone (see [10]). S. Hoon
.Cho and Mi Sun Kim [11] have proved certain fixed point theorems using Multivalued mapping in the setting of
contractive constant in metric spaces and also S. Hoon Cho and J.S. Base [12] proved fixed point theorems for
multivalued mappings in cone metric spaces. R. C. Dimri, Amit Singh and Sandeep Bhatt[13] also proved
common fixed point theorems for two multivalued maps in complete metric spaces with normal constant M=1.
Further, Mujahid Abbas, B.E.Rhoades and Talat Nazir [14] obtained and generalized sufficient conditions for the
existence of common fixed points of multivalued mapping satisfying contractive conditions in non-normal cone
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metric space.Wardowski [15] introduced the concept of multivalued contractions in cone metric spaces and,
using the notion of normal cones, obtained fixed point theorems for such mappings.

The purpose of this paper is to prove some common fixed point results for multivalued mappings taking normal
and non-normal in cone metric spaces. Our results extend and unify various comparable results in literature [16],
[17], and [18]

Definition 1.1 [9] Let E be a real Branch space and P a subset of E. Then P is called a cone if it is satisfied the
following conditions,

(D P is closed, non-empty and P # {0};

(II) ax + by € P for all x,y € P and non negative real numbers a,b € R ;

) x ePand-x €P => x = 0.

For a given coneP C E, we define a Partial ordering < on E with respect to P by x < y ifand only if y — x
€ P. we shall write x < yif y — x € int P, int P denotes the interior of P. The cone P is called regular if every
increasing sequence which is bounded above is convergent and every decreasing sequence which is bounded
below is convergent.

Definition 1.2 [9]: Let X be a non- empty set. Suppose that the mapping d: X x X — E satisfies,
(I) 0<d(x,y)forall x,y € X and d(x,y) =0 if and only if x = y;

) d(x,y) =d(y,x) forallx, y € X;

Iy d(x,y) =(x,z) + (y,z) forall x, y € X.

Then d is called a cone metric on X and (X, d) is called a cone metric space.

Example 1.3 [9]: Let E = R>, P ={(x,y) € E:x,y = 0}, X =Randd: X x X — E defined by d(x,y) =
x — y ,x |x — y|) where o< > 0 is a constant. Then (X, d) is a cone metric space.
Example 1.4 Let E= ', P={{x,}n > 1 € E:x,, > 0, for all n} (X,d) a metric space and

d:X X X — E defined by d(x,y) = {%} n = 1. Then (X,d) is a cone metric space.
Definition 1.5[9]: Let (X, d) be a cone metric space. Let {x,} ,>; be a sequence in X and x € X . Then
(I { x5 } n=1 converges to x whenever for every ¢ €E with 0 « c there is a natural number N such that
d(xp,x) <L cforalln = N
(II) { xn}ns1 is said to Cauchy sequence for every ¢ € E with 0 < ¢ there is a natural number N such that
d(Xn, xm) <Lcforallnm > N.
(I (X, d) is called a complete cone metric space, if every Cauchy sequence is convergent in X.

Let (X, d) be a cone metric space. We denote by CB(X) the family of non-empty closed bounded sub set X. Let
H(—, —)Hausdorff distance on CB(X) i.e. for A,B € CB(X),H(A,B) = max{supgc,d(a, B), supyes d(4,b)}
where d( a, B)inf{d(a,b): b € B} is the distance from the point a to the sub set B. An element x € X is said to
be a fixed point of a multivalued mappingT: x — 2%, if x € T(x).

Lemma 1.6[19] A function F: P—P is called < increasing, if for each x, y € P, x< y if and only if f(x) < f(y).
Let F: P = P be a function such that

(F,) F(t)=0if and only if t = 0;

(F,) F is < -increasing;

(F3) F is surjective.
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We denote by J(P, P) the family of functions satisfying (F;),(F,)and (F3).
Example 1.7 Let F(t) = t foreacht € P. Thene J(P, P).

Lemmal.8 (I) Let ¢: P — P be a mapping subadditive, then F € J(P, P) is sub additive.

(IT) Let E be a Banach space. If ¢, € E and ¢,—0, then for each ¢ € int(P) there exist N such that ¢, <<c for all
n >N.

II. MAIN RESULTS
Theorem 2.1: Let (X, d) be a complete cone metric space and let 7, S: X— CB(X) be any two multivalued maps
satisfying for each x, y € X,
FIH(Tx,Sy)] < a [F{d(x,y) + d (Tx,Sy)}] + B [F{d(x,Tx) + d(y,Sy)}]
+y[F{d(x,Sy) + d(y,Tx)}] (2.1.1)
forall x.y € X,a+f +y <. with for some B,y € [o,%]. And F€ J(P,P) such that F is sub additive
and lim,,_,,F(c,) = 0i.e lim,_,(c,) = 0.Then T and S have a common fixed point.

Proof: Forevery x, € Xandn =1, x; € T(xy) and Xy,41 € T(X2p) l.€.X5p41 = TXop

Similarly we can have x, € T(x;) and X;p,42 € SXont1ie X2n+2 = SXan41 - Then we have
Fld(xan+1,%50)] < F [H(T%30,Sx2n-1)]

<a [F{d(xZn,xZn—l) +d( TxZn:szn—1}] + B [F{d(xZn, Txypn) + d(xZn—l,SxZn—l}]
+y[F{d(x2n‘ N x2n—1) + d(x2n—1:Tx2n}]

<a [F{d(xZn,xZn—l) +d( x2n+1»x2n}] + B [F{d(xzn»xznu) + d(xzn—1,x2n}]
+y[F{d(x2n‘ x2n) + d(Xon-1, x2n+1}]
<a [F{d(xanX2n-1) + d(Xon+1, X2n}] + B [F{d(ton, Xons1) + d(Xap1,%20}]
+Y[F{d (X2n—1, X2n+1)}]

<a [F{d(xan%2n-1) + d(Xon+1, Xan}] + B [F{d(an, X2ns1) + d(2n_1,%2n)]
+ YIF{d(xzn, X2n41) + d(Xan-1,X20)}]

<(a+ B +vy)F[dOm X2n41) + d(X2n, Xon-1)]

= FldCooni1, X2n)] - <(rst>) FIdGegn Xon-1)] 2.12)

a+f+y _
Where (1—(a+B+y)) =L

Hence F[d (X311, X2n)] = L"F[d(xq, %0)] (2.1.3)

For n > m , we have that
F[d (xzp, X2m)] Fld(xpn, Xon—1) + d(Xan_1, X2n—2) wee vov e ver e FA(X2m1, X2m)]

FIL2P1 4 [2n72 4 12073 oo i L2 d (x4, x0)
2m
“ Fld(xy, %0)] (2.14)

INIA

IA
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Hence lim,,_,,, d (X35, X21) = 0 by (2.1). Applying Lemma 1.8 (ii), {x,,} is Cauchy sequence in (X, d), for n >
m. Since (X,d) be a complete cone metric space, there exist u € Xsuchthat lim,,_,,,(x;,) = u. i.e. x,,—u.Let
¢ € int(P)be given. We can choose a natural number N such that d(xpn,u) K

F1 (@) , forall n>N By (F,) and (F;), F (d(xz,l_u)) « C(ls_L)
Then we have,
Fld(Tu,w)] <F[H(TxpTu) + d(Txyp, u)]
< a[F{d(xan, w) + d(Txzn, Tu)+BIF{d (x20, Txz0) + d(u, Tu}]
+ Y [F{d(x2n, Tw) + d(Txzp, u+F[d (xz41, u)]
<al[F{d(xzpn,w) + d(xzn41, TWHHBIF{d (X20, X2n41) + d(u, Tu}]
+ Y [F{d (xzn, Tw) + d(Xan41, WHF[d (X2p41, 1]

foralln> N,

<a[F{d(xyn, Tu) + d(u, Tw}+BF{d(Xzn, X2n+1) + d(u, Tu} + d(xzp41, W]
+Y[F{d(x2n' u) + d(x2n+1t u) + d(Tx2nt u)}]+ d(x2n+1r u)

k[F{d(xo, W} + k[F{d(X2ns1, W [F{ d(X2ne1,w)}]
[F{d(xzn, W3] + [F{d (X1, WL [F {d(Xpp41, w)}]

=1 —k)F [d(Tu,u)]

INIA

SF [d(Tu,w)] < F(d(xzn,u)+d(x21n_+1;,u)+d(x2n+1,u)) (2.1.5)

§§ + § + 35 =c, for all n >N, thus F [d(Tu,u)] < %for allm > 1,
We get i— Fl[d(Tu,u)] € P, and as m—oo we geti — 0, and P is closed, —F[d(Tu,u)] € P.Hence
F[d(Tu,u)] = 0. By (F;),d(Tu,u) = 0 and so u € Tu .Now if v is another fixed point of T. Then from 3.1 we
have F[d(u,v)] =0. Hence F[d(u,v)] € —P,and F[d(u,v)] = 0.By(F,), d(u,v)= 0 andu € Tv. Hence
u € Tu = u =u € Tv. Therefore, u is the fixed point of T. Similarly, it can be established that u € Tu = u =
u € Su. Thus u is the common fixed points T and S.

Corollary: 2.2 Let (X, d) be a complete cone metric space and let T, S : X— CB (X) be any two multivalued

maps satisfying for each x, y € X,
F[H(Tx,Sy) 1< a [F{d(x,y) + d (Tx,Sy)}] + B [F{d(x,Tx) + d(y,Sy)}] (2.1.6)

for all x, y€ X, where a, 8, € [o, %] And F€ S(P,P) such thatF is sub additive and lim,_ o F(c,) =
0i.e lim,_(c,) = 0.Then T and S have a common fixed points in X.

Proof: If we take y = 0 in theorem (2.1), then we get the above result.

Corollary: 2.3 Let (X,d) be a complete cone metric space and letT,S: X— CB(X) be any two multivalued

maps satisfying for each x, y € X,
F[H(Tx,Sy)] < B [F{d(x,Tx) + d(y,Sy)}] (2.1.7

for all x,y € X, where ,3,€ [0,%]. And F € J(P,P)suchthat F is sub additive and lim,_F(c,) =
0i.e lim,_(c,) = 0 .Then T and S have common fixed points in X.

Proof: If we take @ = 0 and y = Oin previous theorem 3.1, then we get the above result.
Remark 2.4 If we take a = 0 previous theorem 3.1then we get the result of
FH(Tx,Sy)] < B [F{d(x,Tx) + d(y,Sy)}] + y[F{d(x,Sy) + d(y,Tx)}],
WhereT,S : X — CB(X) be any two multivalued maps, for all X, y € X, B+y < %, with for some B,y €

[0, i] And F€ (P, P) such that F is sub additive and lim,,_,.,F(c,) = 0 i.e lim,_o(c,) = 0.
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Theorem 2.5 Let (X,d) be a complete cone metric space and let T, S : X— CB(X) be any two multivalued maps
satisfying for eachx, y € X,

F[H(Tx,Sy)]<rmax [F{d (x,y)d(x,Tx)d(y,Sy)}] (2.1.8)
For all X, ye€ X,and r € [0,1]. And Fe J(P,P) such that F is sub additive and
im,_,F(c,) =0i.e lim,_.(c,) = 0.Then T and S have a common fixed point.

Proof: Forevery x, € Xandn =1, x; € T(xy) andx,p41 € T(Xpp) i.€.X0p41 = TXop
Then we have
Fld(xan41,%2n)] <F [H(TxZn,SxZn—l)]
<1 max [F {d (x2n_r x2n—1) d(x2n, TX2n) d(x2n—1t5x2n—1)}]
< rmax [F {d (x2n_'x2n—1) d(z2n, X2n41) d(X2n-1, x2n)}]
<r[F{d(xzn_1, %)}

> Fld(Xne1 X2n)]  <7T"[F{d(x1,%0)3] (2.1.9)
So, for n > m, we have
Fld(x2p, X2m)] <F[d(Xon, Xon-1) + d(x2n 1 Xon— 2) +- vt d(Xama1, Xam)]
< [rzn P r2mo2 o e 2m]Fd (1, %0)
< :F[d(xl.xo)] (2.1.10)

Hence lim,, 00 d(X2p, X21n) = 0 by (2.5). Applying lemma 1.8 (ii), {x5,} is Cauchy sequence in (X, d), for n >
m. Since (X,d) be a complete cone metric space, there exist u € Xsuch thatlim,,_,,, x,,= u.i.e x,, = u. Let

c €intP be given. Choose a natural number N;such thatd(xZn,u) & F71 (g) for all n>N,
By(F,)and (Fs), F[d(x,p, u)] < <, for all n >N . Then we have
Fld(Tu,u)] < F[H{d(TxZn,Tu) + d(Tx,,, w}]
<r max[F{d (xzn, u)d (xzn, TX2n)d (u, Tu)}]F[d(xan,u)]

<r max[F{d (xzn, u)d (X2, X2n+1)d(w, TW}] + F[d (x2n+1,u)]

<r max[F{d(xan u)d(xZn: u) } + F{d(u: x2n+1)d(u' Tu)}]
= F[d(Tu,u)] < c, forall n > N,. Thus F[d(Tu ,u)] < i,for allm = 1. we get % — F[d(Tu,u)] €P, and as
m—co we get i—>0.Since P is closed, —F[d(Tu,u)] € P.
Hence F[d(Tu,u)]=0.By(F;),d(Tu,u) = 0.So, u € Tu i.e.u = Tu.Now, if v is another fixed point of T.
Then from 2.5, we have Fd(u,v) = 0. Hence F d(u,v) € —P,

Hence F[d(u,v)] =0.By(F;),d(u,v) =0andv € Tv.Thenu € Tu =u=v € Tv.
Therefore, u is the unique fixed point of T.

Similarly we can establish that, u € Tu = u = u € Su.Thus u is the common fixed point of T and S.

Corollary: 2.6. Let (X, d) be a complete cone metric space and let 7, S: X— CB(X) be any two multivalued
maps satisfying for each x, y € X,

F[H(Tx,Sy)] < k [F{d(x,y)}]... 2.1.11)
for all x,y € X, where ,k € [0, %] And F € J(P,P)suchthat F is sub additive and lim,_F(c,) =

0i.e lim,_(c,) = 0.Then T and S have a common fixed point in X.
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Proof: The proof of the corollary immediately follow by taking d(x,y) as maximum value in the previous
theorems 2.5.
Note: 2.7 we have prove the above theorems in the setting P is a normal cone with the normal constant k

Theorem 2. 8. Let (X, d) be a complete cone metric space and P be a normal cone with normal constantK.
Suppose T,S: X — CB(X)be any two multivalued maps satisfying each
X, F[H{Tx,Sy}] < rmax[F{d(x,y)d(x, Tx)d(y,Sy)d(x,Sy)d(Tx,y)} ...c.oceuve.. ... [12]

for all x ,y € X wherer €[0,1].And F €J[P,P] such that Fis sub additive and lim,_ F(c,)= 0. i.e.
lim,,_, 4 (c,) = 0.Then T and S have a common fixed point in X.

Proof: Forevery x, € Xandn =1, x; € T(xy)andxy, 1 € T(X3,) i.€. X041 = TXpp.
Similarly we can have x, € T(x;) and X543 € SXan41 L €. Xoni2= SXoni1-

Then we have

Fld(xX2p41%20)] < F[H(T X0, SX25-1)]
=rmax [F{d (X2n) X2n—1)d (X2n, TxZn)d(x2n—15x2n—1)d(x2n,Sx2n—1)d(Tx2n' xZn—l)}]
<rmax [F{d(x2p, X2n-1)d (X201, X2n+1)d (X2n—1, X2n)d (X2, X20) A (X241, X2n—-1)3]
<rmax [F{d(xzn, X27-1)d (X200, X2141)d (X251 41, X2-1)}]
<rmax [F{d(xzn, X2-1)d (Xzn41, X2n-1)}]
SF[d(xone1, X20)] S T[F{d (20, X20-1)3],

Then we get
Fld(x2n11,%20)] Sr™d (xy, x0)]- (2.1.13)
So for n > m, we have
Fld(x2n, X2m)] < Fld(Xan, Xan-1) + d(xZn 1 Xon— 2) +- ot d(Xme1, Xom)]
< [rZ" Thr2m=2 g e 2m]Fd (x1,%0)
< — = Fld(x, o). (2.1.14)

2m
We get F”d(XZn' x2m)” <K ;?F ||d(x1, x())”- Hence limn,m—»oo d(xZn' me)z 07by 28.1.e. F[d(xZn' me)]_’

0 as n,m — 0.Applying lemma 1.8](ii), {x,,} is a Cauchy sequence in X. Since(X,d) be a complete cone
metric space, there exist u € X such thatlim,,_,, x,,-u. i.e. X,, > uasn — oo.

Since Fld(Tu,u)] < F[H(Tx3,, Tu) + d(Txz,,u)]

<r max[F{d(xzy, u) d (%3, Tx2y)d (u, Tu)d (x5, Tu)d(Txz,, w)}]
+F[d(x2p41, W]

< rmax[F{d(xzn, u)d(Xan, X2n41)d (W, Tu)d (Xap, Tu)d (Xzn 41, u)}]

+ Fl(xns1, W]
<r[F{d(u,Tu)}]
Fllld(Tu, Wl = Klklld(u, Tw)|[]—0.HenceF||d(Tu, w)l|= 0, by (Fy),lld (Tw, w)||=0.
=Tu =u. So u is a fixed point of T. Now v is a another fixed point of T, then

F[H(u,v)]<F[H(Tu,Tv)]
<r max[F{d(u,v)d(u, Tu)d(v, Tv)d(u, Tv)d(Tu, v)}]
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<rmax[F{d(u,v)dw,u)d(v,v)d(u, v)d(u,v)}]
<K [F{d(u,v)}] —0. Hence F||d(u,v)|| = 0 by (F1),||d(u, v)|| =O0.
And u = v . Therefore, u is the unique fixed point of T in X.
Similarly, it can be establish thatSu = u.Hence Tu = u = Su. Thus u is common fixed points of T and § inX.

Theorem 2.9 Let (X,d) be a complete cone metric space and P be a normal cone with normal constantK.
LetT,S : X— CB(X) be any two multivalued maps satisfying for each x, y € X,
d(x,Tx)d(y,Sy)d(x,Sy)+d(x,y)d(y,Tx)d(x,Tx)
FIH(Tx.Sy) 1= a [F { 1+d(y,Tx)d(y,Sy) }]
+B[F{d(x, Tx) + d(y, Sy)}]+y[F{d(x, Sy) + d(y, Tx)}]
+S[F{d(x,y)}] (2.1.15)

for all x ,y € X wherer €[0,1].And F €3J[P,P] such that Fis sub additive and lim,_. F(c,) = 0. i.e.
lim,,_, 4 (c,) =0.Then T and S have a common fixed point in X.

Proof: Forevery x, € Xandn =1, x; € T(xg)andx,,41 € T(X2p) i. €. X941 = TXop.
Similarly we can have x, € T(x;) and Xyp,42 € SXop4q1 €. Xon42= SXoptq-

Then we have,
F[d(x2n+1x2n)] S F[H(TXZn:SXZn—l)]

<q [F{d(x2n,Tx2n)d(x2n_1,Sx2n_1)d(x2n,5x2n_1)+d(x2n,x2n_1)d(x2n_1,Tx2n)d(x2n,Tx2n)}
- 1+F{d(x2n-1,TX2n)d(X2n-1,5%2n-1)}

+B [F{d(x2n, TX25) + d( X2p—1, SX2n-1)}]

+y [F{d (x2n, Sxan-1)d (Xan—1, Tx25)}]

+6 [F{d(x2p, Xon-1)}]

<a [F{d(xzn.x2n+1)d(in—1.x2n)d(in.xzn)+d(in.xzn—1)d(xzn—1-xzn+1)d(xzn-xzn+1)}

- 1+F{d (x2n—1X2n+1)d(X2n-1,X2n)}

+ B [F{d (xZn' x2n+1) + d( X2n-1 xZn)}]

+y[F{d(xan, X20) + d(Xzn_1, X2n41)}]

+6[F{d (x2n, X2-1)}]

< [F{d(xZn,xZn_l)d(xzn_1,x2n+1)d(x2n,x2n+1 )}

- F{d(x2n-1%2n+1)d(X2n-1,%X2n)}

+ B [F{d (x2n, Xon41) + d(X2n—1, X2} +Y [F{d (Xon—1, X2041)3]
+ 6 [F{d(xva x2n—1)}]

< a [F{d(xZn' x2n+1)}] + :8 [F{d(xZn: x2n+1) + d( x2n—1rx2n)}]
+Y [F{d (X251, X20) + d( X2, X3 41)3]

+6 [F{d(x2n, X2n-1)}]

= Fld(xn41X20)]1 < (B + v + 6) Fld(x2n, X2n—1)]+(a@ + B + V)F[d (X2, X2n41)]
= Fld(xpn41%20)] < [m Fld(x,y, Xp5—1)] where p=—Br+8
XS 700 B0 2 Xan—1 =t p7) .
= Fld(xans1%20)] < RF[d (X0, X20-1)] SH?Fd (Xpp-1, Xon—2) <. <h®™d(x0,x1).
So for m > n, we have
Fld (X0, X20m)] < Fld(X20X2m41) + d(Xons1, Xan2) + 0 e e + d(Xam-1, X2m)]
<[A?" 4+ h2FL 4 R20F2 4o e BPTLF[A (2, %1)]
2n
=< il__h F[d(xo, x1)] s
2n

we get  F [|d(xym Xl < f_—h K [F||(d(xo, x))||] Hence  limppod(Xzn, Xzm) =0 by (2.9).i.e.

F[d (%3, X3m)—0 as n ,m—0.Applying lemma 1.8 (ii),{x,,} is a Cauchy sequence in X. Since (X,d) be a
complete cone metric space, there exist u € X such that lim,,_,,, x5, = 0. i.e x,,— U(n—o).
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d(u, d(T. —1.T. d(u,T. —1)d(T. —1,Tw)du,T
Since F[d(Tu,uw)] < a Fla@uTwd(Txon—1,T % myd(u, Txzm) + AWTX2n-)d(Txon 1 Tw)dwTw)}
1+F{d(Tx2n—1,71)d(Tx2n—1,Tx21)}

+B [F{d(u, Tu) + d(TxZn_l‘TxZn)}]
+y[F{d(u, TxZ‘n) + d(TxZn—lﬂ Tu}]
+6 [F{d(u, Txzn-1)}].
[F{d(u,Tu)d(TxZn_l,u)d(u,u)+ d(u,Txyn—1)d(Txopn—1,Tw)d(u,Tu)}
<a
- 1+F{d(Tx2n—1,7u)d(TX2n-1,TX2n)}
+B[F{d(w, Tw) + d(Txgn_u)}+y[F{d(w, w) + d(Txzn_1, Tu}]
+6 [F{d(u, Txy,-1)}].
[F {d(w,Tw) d(W,Tx2n—1)d(Txzn_1,Tw)}
<
- F{d(szn—l,Tu)d(szn—1ru)}
+B[F{d(w, Tw) + d(Txgn_1u)}+ v[F{d(Tx2n_q, Tu}]
+6 [F{d(u, Txzn-1)}]
<aa[F{d(u, TW}l+ B[F{d(w, Tw) + d(Txpm_1u)}]
+Y[F{d(Tx2n_1, Tull+ (g [ﬁ{?(u’ T352n—12}] n
a(Flld(u, Tw|) + BFld(u, Tu) + d(Txyp_q,u
We get, F||d (Tu,u)|| <K k{ }—>O.
et Flld (Tl <K Uy ey, Tl + SCFIlAG, T DID )
As n—oo, we have F||d (Tu, w)|| = 0 by(F,), ||d (Tu,uw)|| = 0= u=Tu is a fixed point of T.
Now if v is another fixed point of T, then
Fld(u,v)] < F[H(Tu,Tv)]
< [F{d(uTu)d(v,Tv)d(u,Tu)+d (w,v)d(w,Tu)d (u,Tu)}
sa 1+d(v,Tu)d(v,Tv)
+f [F{d(w, Tv) + d(v, Tv)}]+y[F {d(u, Tv) + d(v, Tw) }]+S[F{d(u, v)}]
< KQy + 8)F[d(u,v)] . Hence F||d(u, v)||= 0 by (F1),||d(u, v)|| = 0.
Therefore u = v, is a unique fixed point of T in X.
Similarly it can be established that = u . Hence Tu = u = Su. Thus u is a common fixed point of T and S.

Corollary: 4.1 Let (X, d) be a complete cone metric space and P be a normal cone with normal constant K.
LetT,S: X — CB(X) be any two multivalued maps satisfying for each x,y € X,

m m d(x, T™x)d(y,S™y)d(x,S™y)+d (x,y)d (y,T™x)d (x,T™x)
F[H(T x'S y)] = [F{ 1+d(y,T™Mx)d(y,S™y) }]

+B[F{d(x,T™x) +d(y,S™y)}]
+y[F{d(x,S™y) + d(y, T™x)}]
+6 [F{d(x,y)}] (2.1.17)
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