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Abstract
In this paper we prove common fixed point theorems for two mul-
tivalued maps in complete cone metric spaces withnormal constant M
= 1. Our results generalize and extend the results of Rezapour[12] and
others.
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1 Introduction

Nadler Jr.[7] has proved multivalued version of the Banach contraction princi-
ple which states that each closed bounded valued contraction map on a com-
plete metric space has a fixed point. Many authors have been using the Haus-
droff metric to obtain fixed point results for multivalued maps on metric spaces.
Recently Huang and Zhang [5] generalized the concept of a metric space, re-
placing the set of real numbers by an ordered Banach space and obtained
some fixed point theorems for mappings satisfying different contractive condi-
tions. Wardowski [13] introduced the concept of multivalued contractions in
cone metric spaces and, using the notion of normal cones, obtained fixed point
theorems for such mappings. As we know, most of known cones are normal
with normal constant M = 1. Further, Rezapour[12] proved two results about
common fixed points of multifunctions on cone metric spaces. In this paper we
prove common fixed point theorems for two multivalued maps in cone metric
spaces with normal constant M = 1 which generalize and extend the results of
Rezapour [12] and others.
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2 Preliminary Notes

Definition 2.1 [5/Let E be a real Banach Space and P a subset of E. The
set P is called a cone if and only if
(i) P is closed, non-empty and P # 0;
(ii)a, b€ R, a, b > 0,2, y€ P= ax + by € P;
(ii) PN (-P) = 0.
For a given cone P C FE, we define a partial ordering < with respect to P by x
< wyif and only if y - x € P. We write x < y to indicate that x — y but = # y,
while © << y will stand for y - x € Int P, where Int.P denotes the interior of
the set P.

Definition 2.2 [5/Let E be a Banach Space and P C E a cone. The cone
P s called normal if there is a number M > 0 such that for all z, y € E,
0 <z <yimplies ||z|]| < M |ly|| .
The least positive number M satisfying the above inequality is called the
normal constant of P.
In the following we always suppose that E is a Banach space, P is a cone in E
with Int P # ¢ and < is partial ordering with respect to P.

Definition 2.3 [5] Let X be a non-empty set. Suppose that the mapping
d: X x X — FE satisfies:
(a) 0 < d(z, y) for all z, y € X and d(z, y) = 0 if and only if v = vy,
(b) d (x, y) = d (y, x) for all z, y € X;
(c) d(z, y) < d(z, z) + d(y, z) for all z, y, z € X.
Then d is called a cone metric on X and (X, d) is called a cone metric space.

Example 2.4 [5] Let E = R?>, P ={(v,y) € £ : 2,y >0} C R®z =R
and d : X x X — E such that d(z,y) = (|x — y|,a |z — y|), where a > 0 is a
constant. Then P is a normal cone with normal constant M = 1 and (X, d) is
a cone metric space.

Example 2.5 Let E=1",P = {{zn},>, € E: 2, >0, forall n}, (X, p)
a metric space and d: X x X — E defined by d(z,y) = {£&Y Then P is

2n }nZI'
a normal cone with normal constant M = 1 and (X, d) is a cone metric space.

This example shows that the category of cone metric spaces is bigger than the
metric spaces.

Definition 2.6 [5] Let (X, d) be a cone metric space. Let {z,} be a se-
quence in X and z € X.
(i) {x,} converges to x if for every ¢ € E with 0 << ¢, there is an ng such
that for all n > ng,d(z,,r) << c. We denote this by lim ,_ 0o, = T 0oT T, —
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z, (n — 00).

(i) If for any ¢ € E with with 0 << ¢, there is an ng such that for all n, m >
no, A(Tp, Tm) << ¢, then{z,} is called a Cauchy sequence in X.

(iii) (X, d) is called a complete cone metric space, if every Cauchy sequence
i X 1s convergent in X.

Lemma 2.7 [5] Let (X, d) be a cone metric space, P be a normal cone
with normal constant K. Let {x,} be a sequence in X. Then {x,} is a Cauchy
sequence if and only if d(z,, xmy) — 0(m,n — 00).

Definition 2.8 [12] Let (X, d) be a cone metric space and B C X.
(i) A point b in B is called an interior point of B whenever there exists a point
p, 0 << p, such that N(b, p) C B, where N(b, p) ={y € X : d(y, b) << p}.
(i) A subset A C X is called open if each element of A is an interior point of
A.
The family 8 = {N(z, e) : z € X, 0<< e} is a sub-basis for a topology on X.
We denote this cone topology by 7. is called Hausdroff and first countable.

Lemma 2.9 [12] Let (X, d) be a cone metric space, P a normal cone with
normal constant M= 1 and A a compact set in (X,1.). Then, for every z € X
there exists ag € A such that

||d($, Clo)” = infaca ||d(ZE, a)”

Lemma 2.10 [12] Let (X, d) be a cone metric space, P a normal cone with
normal constant M= 1 and A, B two compact sets in (X,7.). Then,

supgep d'(z,A) < 00,
where d'(z, A) = infoea||d(x,a)|, for each x in X.

Definition 2.11 [10] Let (X, d) be a cone metric space, P a normal cone
with normal constant M = 1, H, the set of all compact subsets of (z, 7.) and
A € H.(X).By using Lemma 2.10, we can define

ha: H.(X)—[0,00) and dy : H.(X) x H.(X) — [0,00)

ha(B) = supsead (x, B) and diy(A, B) = max{ha(B), hp(A)},

respectively.
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Remark 2.12 Let (X, d) be a cone metric space with normal constant M
= 1. Definep : X x X — [0, 00) by p(z, y) = ||d(z,y)||. Then, (X, p) is a
metric space. This implies that for each A, B € H. and z, y € X, we have the
following relations

(1) d < |ld(z,y)| +d(y, A),
(i) d <d'(x,B)+ hp(A), and
(ii7) d < ||d(z,y)| +d(y, B) + hp(A).

3 Main Results

Theorem 3.1 Let (X, d) be a complete cone metric space with normal con-
stant M = 1 and T1,Ty : X — H.(X) two multivalued maps satisfying the
relation

dy(Tha, Toy) < a(d'(z, Tiz)) 4 b(d'(y, Toy)) + c(d' (2, y))

forallz, y € X and a, b, ¢ > 0, where a+b+c < 1. Then Ty and T, have a
common fixed point, that is, there exists x € X such that x € Tix and © € Thx.
Proof. Let vy € X be a arbitray point. By Lemma 2.9, there is x1 € Tixg such
that

d'(zo, Tizo) = ||d(z0, 1)]| -
Also, there is xo € Thxy such that
d'(z1, Toxr) = ||d(z1, )| -
Thus, we obtain a sequence {y}, -, in X such that
Ton—1 € T1Zon—2, Ton € ToZop—1,
Therefore
d/(IQn—z, T1w9n-2) = |ld(zon—2,T20-1)],
and
d'(rop—1,Tovop—1) = ||d(zon-1,22.)],
for all n > 1. Thus, for all n > 1 we have

’|d($2m$2n+1)|| = d,(IZnaTIIZn)
hryws, (Th22n) < dg(Tozan—1, T1xa,)

IN



Commmon fixed point theorems for multivalued maps in cone metric spaces 5)

ad' (xan, Thxon) + bd' (xon—1, Toxon—1) + cd (Ton, Ton—1)
a |l d(zon, Tons1)|| + b l|d(w2n—1, T20) || + ¢ ||d(T20, T2n—1)|

or (1 —a) |d(z2n, x2n1)|| < (b+¢) ||d(z2n-1,220) |
b+c
or [|d(z2n, anr)ll < 37 lld(22n-1, 220) |
Hence ||d(zan, Tont1)l] < h ||d(zon—1,%2n)| foralln>1,

where h < 1 sincea +b+c < 1.

Also Hd<m2n—17x2n>‘| = dl(£2n—1;T2$2n—1)
< hryay, o (Towon—1) < dp(Tixa,—2, Toxon—1)
< ad'(xop—o, T1Zon—2) + bd (Ton—1, Towon_1)

+cd (T2n—2, Tan_1)

al|d(@2n—2, Tan—1)|| + b l|d(z20-1,220) |
+elld(zan—2, T2n-1)|| or

(a+c) ||d(z2n—2, T2n-1)|| or

(1 =) [|d(x2n—1, z20) |
|

a+tc
|d(zan—1, z2,)]] < 1% |d(z2—2, Ton—1)]
Hence ||d(zan—1,22,)|| < h ||d(zan—2,T2n—1)|| foralln > 1,

where h <1 sincea+b+c < 1.

This implies that ||d(zm, Tma1)|| < ||d(Tm_1, Zm)||, for all m > 1.
Then, for n > m, we have

ld(n, zn)l < 320 lld(@s @)

h
< ("4 LR |d(e, )| < -7 | d(xo, z1)]|

This implies that
limy, n—soo |d(n, xm)|| = 0.

By Lemma 2.7, {xn}n21 15 a Cauchy sequence in X. Thus, there exists x* € X
such that x,, — x*. Now by Using Remark 2.12, we have

d(x*, Tvz*) < d'(x*,Towon_1) + A1y, o (T12")
< d'(z", Towon—1) + du(Toxon_1, Tyz")
< ld(x*, x| + ad (¥, Thz™) + bd (v9_1, Towa, 1) + cd (2%, 22, 1),
forallm > 1. Hence
d(z*, Tix*) < 1ia |d(z*, xa,)]|| + lfad'(xgn_l,Tngn_l) + ﬁd'(x*, Ton_1),
S [ IR R PO
1—a 1—a 1—a
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for all n > 1. Therefore, d'(z*, Tix*) = 0. By Lemma 2.9 z* € T\z*,
On the other hand, similarly we have

d,(l’*, TQIE*) S d’(x*, T1$2n) + hT1$2n (TQI*)
< d(2", Thze,) + du(Tize,, Tox™)
S ||d(l'*, x2n+1)|| + ad,($2n7 Tle’n) + bd/(ff*, TQI'*) + Cd/(xQna ZL'*),
foralln > 1. Hence
1 c
d’(x*7T2x*) S 1 — b ”d((L‘*’x2n+1>|| + 1 — bdl(xQTM Tl.fgn) + ﬁd,(aj‘gn, l’*),
S Y [ ey )+ —— ld(@za, ")
12 T, Ton+1 1—b Ton, Loan+1 1—b Ton,T )

for all n > 1. Therefore, d'(x*, Toa*) = 0. By Lemma 2.9 x* € Tox*. Thus,
x* 1s a common fixed point of Ty and Ts.

Theorem 3.2 Let (X, d) be a complete cone metric space with normal con-

stant M = 1 and T1,Ty : X — H.(X) two multivalued maps satisfying the
relation

dH(Tl'Ta TQy) < a(d’(x, T2y>) + b(d,(:% Tlx)) + C(d/(ZL’, y))

forall z, y € X and a, b, ¢ > 0, where a4+ b+ c < 1. Then Ty and Ty have a
common fized point.

Proof. A similar argument to that of the proof of Theorem 3.1 shows that there
exists a Cauchy sequence {x,}, -, in X such that

Ton—1 € Tion—2, Ton € ToTon 1,
Therefore
d/($2n72,T1$2n72) = ||d(won—2, T2n-1)| ,
and
d'(xon-1, Toxon1) = ||d(w2n—1,220)],

for all n > 1. Thus, there exists v* € X such that x, — x*. Now by using
Remark 2.12, we have

1—

d(x*, Tvz*) < d'(x*,Towon_1) + A1y, o (T127)
< d'(z", Towon—1) + du(Toxon_1, Tyz")
< ld(x*, xan)|| + ad (¥, Tozon_1) + bd' (xon_1, Tha™*) + cd' (2%, 22, 1),
< fld(@", man) || + alld(a”, @20 || + bd (27, Th2™) + bd (27, 2201
+ed (2%, xon_1),
foralln > 1. Hence
P Ta) € S e m) )+ 2 e m )

1-0
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for all n > 1. Therefore, d'(z*, Tix*) = 0. By Lemma 2.9 z* € T\z*,
Also, we have

d(x*, Tox®) < d(2*, Tiwan) + hrye,, (Tox®)
< d'(z", Thzey) + du(Tize,, Tox™)
< |d(z*, wopy)|| + ad (xan, Tox™) + bd' (x*, Thx9y,) + cd (xon, T¥),
< |ld(@*, 2ont1) || + ad (2%, Tox™*) 4+ ad' (2", x2,) + b ||d(z*, 22n11) ||
ted (2%, xay),
foralln > 1. Hence
P Tor?) < T i, o)+ S (o )],

for all n > 1. Therefore, d'(x*, Tox*) = 0. By Lemma 2.9 x* € Tox*. Thus,

x* is a common fized point of T\ and T.

Remark 3.3 If we take a = b and ¢ = 0 in Theorem 3.1, then we get the
Theorem 2.3 of Rezapour[12)].

Remark 3.4 If we take a = b and ¢ = 0 in Theorem 3.2, then we get the
Theorem 2.4 of Rezapour[12].
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