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1. Introduction

Fuzzy set theory was first introduced and studied by Zadeh [17] in 1965. The idea of fuzzy
metric spaces in different ways has been introduced by some authors [4}5]8]. In 1975 Kramosil
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and Michalek [10] have introduced and studied the notion of fuzzy metric space with the help of
continuous ¢-norm, which is modified by George and Veeramani [6] in 1994 in order to generate
a Hausdorff Topology induced by fuzzy metric. In 2004, Park [12], using the idea of intuitionistic
fuzzy sets [2], defined the notion of intuitionistic fuzzy metric spaces with the help of continuous
t-norm and continuous ¢-conorm as a generalization of fuzzy metric space due to George and

Veeramani [6}7].

In 2004, Léopez and Romaguera [13]] introduced the Hausdorff fuzzy metric on a collection
of nonempty compact subsets of a given fuzzy metric spaces. Kiany and Amini-Harandi [9]
proved fixed point and endpoint theorems for multivalued contraction mappings in fuzzy metric
spaces. Recently Shoaib et al. [[14]] proved the existence of a common fixed point of a family of
multivalued mappings which are contractions on a sequence contained in a closed ball instead
of the whole space by using the notion of Hausdorff fuzzy metric spaces. In 2012, Arshad and
Shoaib [1] obtained the necessary and sufficient conditions for the existence of fixed point of
multivalued map in fuzzy metric spaces. In (2016), Shoaib [15] have established and proved
fixed point theorems for locally and globally contractive mappings in ordered spaces.

In 2014, Shojaei [16] introduced the concept of Hausdorff Intuitionistic Fuzzy Metric Space
(HIFMS). In this paper, we prove the existence of common fixed point of a family of multivalued
maps in a closed ball of HIFMS. An interesting example is also presented to support our result.

2. Preliminaries

We start this section by recalling some pertinent concepts.

Definition 2.1. Let (X,d) be a metric space. The set of nonempty closed and bounded subsets
of X is denoted by CB(X). The function H; (see [3]]) defined on CB(X) x CB(X) by

H,(A,B) = max(supd(a,B),supd(A,b))
acA beB

for all A,B € CB(X), is a metric on CB(X) called the Hausdorff metric of d.

Definition 2.2 ([17]). Let X be an arbitrary non-empty set. A fuzzy set in X is a function with
domain X and values in [0,1]. If A is a fuzzy set and x € X, then the function-value A(x) is
called the grade of membership of x in A. F(X) stands for the collection of all fuzzy sets in X
unless and until stated otherwise.

Definition 2.3 ([2]]). Let X be a non-empty set. An intuitionistic fuzzy set is defined as:
A={xeX : (ualx),va(x)},

where py : X — [0,1] and vy : X — [0,1] denote the degree of membership and degree of
non-membership of each element x to the set A respectively such that

O<ppa(x)+valx)<1, forall x,yeX.
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Definition 2.4 ([12]). A binary operation = :[0,1] x[0,1] — [0, 1] is called continuous triangular
norm (¢-norm) if it satisfies the following conditions:

(1) * is associative and commutative;

(2) * is continuous;

8) a*l=aq,forall ael0,1];

(4) ifa<cand b<d with a,b,c,d €[0,1], thena*xb <c*d.

Example 2.1. Three basic ¢-norms are defined as follows:

(1) The minimum ¢-norm, a *1 b = min(a, b),

(2) The product ¢-norm, a x9b =a-b,

(3) The Lukasiewicz t-norm, a *3b = max(a+ b —1,0).
Definition 2.5 ([12]). A binary operation <»:[0,1] x[0,1] — [0, 1] is called continuous triangular
conorm (¢-conorm) if it satisfies the following conditions:

(1) < is associative and commutative;

(2) < is continuous;

3) ad0=a, for all a €[0,1];

(4) adb <cdd, whenevera<c and b<d Va,b,c,d €[0,1].

Example 2.2. Some examples of basic ¢-conorms are given below:

(1) a$1b =min(a+b,1);

2) adob=a+b—ab;

(3) a$3b =max(a,b).
Definition 2.6 (Kramosil and Michalek [[10]]). The triple (X, M, ) is said to be fuzzy metric
space if X is an arbitrary set, * is a continuous ¢-norm and M is a fuzzy set on X2 x [0,00) such
that for all x,y,z € X we have:

(M1) M(x,y,0)=0;

(M2) M(x,y,t)=1, for all ¢ > 0 iff x = y;

(M3) M(x,y,t)=M(y,x,t) for all ¢t =0;

(M4) M(x,z,t+s)=M(x,y,t)* M(y,z,s), for all ¢,s=0;

(M5) M(x,y,-):10,00) — [0,1] is left continuous.

Lemma 2.1 ([11]]). Let (X,M,*) be a fuzzy metric space. Then M(x,y,-) is non-decreasing with
respect to t, for all x,y € X.

Definition 2.7 (George and Veeramani [6]]). The triple (X, M, ) is said to be fuzzy metric space
if X is an arbitrary set, * is a continuous ¢-norm and M is a fuzzy set on X2 x (0,00) such that
for all x,y,z € X we have:
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(M1) M(x,y,t)>0;

(M2) M(x,y,t)=1,forall t>0iff x = y;

(M3) M(x,y,t)=M(y,x,t) for all ¢t =0;

(M4) M(x,z,t+s)=M(x,y,t)« M(y,z,s), for all t,s=0;
(M5) M(x,y,-):[0,00) — [0,1] is continuous.

Example 2.3 ([6]). Let (X,d) be a metric space and a * b = ab (or a * b = min(a, b)), for all

a,b €[0,1] and let M, be fuzzy set on X2 x (0,00), defined as follows:
t

t+d(x,y)
This metric is called standard fuzzy metric induced by a metric d.

Mg(x,y,t) =

Definition 2.8 ([12]). A 5-tuple (X,M,N, %,<) is said to be an intuitionistic fuzzy metric space
(IFbMS), if X is an arbitrary set, * is a continuous ¢-norm, < is a continuous ¢-conorm, M and
N are fuzzy sets on X2 x (0,00) satisfying the following conditions: for all x,y,z € X,

(a) M(x,y,t)+N(x,y,t)<1;

(b) M(x,y,t)>0;

(c) M(x,y,t)=1,for all ¢+ >0 iff x = y;

(d) M(x,y,t)=M(y,x,t), for all ¢ > 0;

(e) M(x,z,(t+u))=M(x,y,t)* M(y,z,u), for all t,u > 0;

(f) M(x,y,-):10,00) — [0,1] is continuous;

(g) N(x,y,t)>0;

(h) N(x,y,t)=0, for all £ >0 iff x = y;

(i) N(x,y,t)=N(y,x,t), for all £ > 0;

(G) N(x,z,(t+u))<N(x,y,0)ON(y,z,u), for all ¢,u > 0;

(k) N(x,y,-):[0,00) —[0,1] is continuous.

Here M(x,y,t) and N(x,y,t) denote the degree of nearness and the degree of non-nearness
between x and y with respect to ¢, respectively.

Note 2.1. tlim M(x,y,t)=1 and tlim N(x,y,t)=0.

—00 —00
Example 2.4 ([12]]). Let (X,d) be a metric space and a * b = min(a,bd), a>b = max(a, b) for all
a,b€[0,1] and let M;, N be fuzzy sets on X2 x (0,00), defined as follows:

—L _—  ift>0
My(x,y,t) = { 2@ ’
i {0, ifr=0

and

d(x,y) .
ift>0
Ny, )= 1 72" ’
Y 1, if£=0.

then (X,M4,Ng4, *,<{) is an intuitionistic fuzzy metric space.
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Proposition 2.1 ([12]]). In an intuitionistic fuzzy metric space (X,M,N,*,{), M(x,y,-):[0,00) —

[0,1] is non-decreasing and N(x,y,-):[0,00) — [0,1] is non-increasing for all x,y € X.

Definition 2.9 ([12]). Let (X,M,N, *,<{) be an intuitionistic fuzzy metric space.

(a) A sequence {x,} in X is said to be convergent if there exists x € X such that
lim M(x,,x,t)=1 and lim N(x,,x,t) =0, for all ¢ > 0. In this case x is called the limit of
n—.-oo n—.-oo

the sequence x,, and we write lim x, =x, or x,, — x.
n—oo

(b) A sequence {x,} in (X,M,N,*,$) is said to be Cauchy sequence if lim M(x,,xn1p,t) =1

n—.oo
and lim N(x,,x,4p,t) =0 for each ¢ >0 and p > 0.
n—.oo

(c) The space X is said to be complete if and only if every Cauchy sequence in X is convergent

and it is called compact if every sequence has a convergent subsequence.

Definition 2.10 ([12]]). Let (X,M,N, *,{) be an intuitionistic fuzzy metric space. An open ball
B(x,r,t) with center x€ X and radius r, 0 <r <1, ¢ >0 is defined as

Bx,r,t)={ye X :M(x,y,t)>1-r,N(x,y,t)<r}.

Definition 2.11. Let B be a nonempty subset of an IFMS (X,M,N, *,{). Forae X and t >0,
M(a,B,t)=sup{M(a,b,t):b € B},
N(a,B,t)=inf{N(a,b,t): b € B}.

Definition 2.12 (Hausdorff intuitionistic fuzzy metric space [16]). Let (X,M,N,*,<>) be an
intuitionistic fuzzy metric space. Hy; and Hy on C(X) x C(X) x (0,00) defined by:

H(A,B,t) = min ( inf M(a, B, t),inf M(A, b, t)),
acA beB

Hy(A,B,t) = max (supN(a,B,t),supN(A, b, t)),
acA beB

for all A,B € C(X) and for all ¢ > 0, is an intuitionistic fuzzy metric on C(X) called the Hausdorff
intuitionistic fuzzy metric of (Hy,Hy, *,<>), where C(X) is the collection of all nonempty
compact subsets of X.

Proposition 2.2 ([13]]). Let (X,M,N, *,$) be an intuitionistic fuzzy metric space. Then M and

N are continuous functions on X x X x(0,00).

3. Main Results

Lemma 3.1. Let (X,M,N,*,{) be an intuitionistic fuzzy metric space. Then for each a € X,
BeC(X)and t>0, thereis by € B such that

M(a,B,t)=M(a,by,t),
N(a,B,t)=N(a,by,t).
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Proof. Let a € X, B € C(X) and t > 0. By above proposition, the functions y — M(a,y,t)
and y — N(a,y,t) are continuous. Thus by the compactness of B, there exists by € B such
that supM(a,b,t) = M(a,by,t) and li)nlgN(a,b,t) = N(a,bg,t), i.e. M(a,B,t) = M(a,by,t) and
beB €
N(a,B,t)=N(a,by,t). O
Lemma 3.2. Let (X,M,N,*,<) be an intuitionistic fuzzy metric space. (C(X),Hy,Hy,*,{) isa
hausdorff intuitionistic fuzzy metric space on C(X). Then for all A,B € C(X), for each a € A and
for all t > 0 there exists b, € B, satisfies M(a,B,t)=M(a,b,,t) and N(a,B,t)=N(a,by,t) then
Hy(A,B,t)<M(a,b,,t),

Hpy(A,B,t)= N(a,bg,t).

Proof.
M(a,B,t) inf M(a,B,1) 2 min(ig{M(a,B,t),li)relgM(A,b,t)),
M(a,b,,t)=Hy(A,B,t). (by Lemma3.1)

Similarly

N(a,B,t) <supN(a,B,t) < max (supN(a,B, t),supN(A, b, t)),
acA acA beB

N(a,b,,t)<HyN(A,B,t). (by Lemma|3.1)

Let (X,M,N, *,<$) be an intuitionistic fuzzy metric space, xo € X and let {S, : y € O} be a family
of multivalued mappings from X to C(X). Then there exists x; € Sqxo for some a € Q, such
that M(xq,Sgx0,t) = M(xg,x1,t) and N(xg,Syx0,t) = N(x9,x1,t), for all £ > 0. Let x9 € Spx1, such
that M(x1,Spx1,t) = M(x1,x2,t) and N(x1,Spx1,t) = N(x1,x9,t). Continuing this process, we
construct a sequence x,, of points in X such that x,,,1 € Ssx,, M(x,,Ssx,,t) = M(x,,x,+1,t) and
N(xp,Ss%n,t) = N(xp,%n41,1), for all £>0. We denote this iterative sequence by {X'S,(x,):y € Q}
and say that {XS,(x,)} is a sequence in X generated by xo. O

Theorem 3.3. Let (X,M,N,*,{) be a complete intuitionistic fuzzy metric space with * t-
norm and < conorm defined as a *a = a or a * b =min{a, b} and a *a < a or a)b = max{a, b},
respectively. Let (C(X),Hpy,Hp, *,<) be a hausdorff intuitionistic fuzzy metric space on C(X),
{Sy : v € Q} be a family of multivalued mappings from X to C(X) and {XS,(x,):y € Q} be a
sequence in X generated by xo. Assume that for some 0 <a; ; <k <1, forall t >0, xo € X, for all
x,y € B(xo,7,£)N {XSy(x,):y€Q}, with x #y and for all i,j € Q with i # j, we have

Hy(S;x,S;y,a; jt) = M(x,y,t), 3.1)

Hy(S;x,Sjy,a; jt) < N(x,y,t) (3.2)
also for some t >0

M(xg,x1,(1-Fk)t)=1-r, 3.3)

N(xg,x1,(1-k)t)<r. (3.4)
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Then, {XS,(x,):y € Q} is a sequence in B(xo,r,t) and {XS,(x,):y € Q} — z € B(xo,r,t). Also,
if (3.1), (3.2) hold for z, then there exists a common fixed point for the family of multivalued

mappings

{Sy:y€Q}in B(xo,r,1).

Proof. It is supposed that {XS,(x,):y € Q} is a sequence in X generated by xo. If xo = x1 then

X0 is a common fixed point of S, for all a € Q. Let x¢ # x1 and by lemma (3.2), we have

M(x1,x9,t) = Hpy(Syx0,Spx1,t) and N(x1,x9,t) < Hn(Sgx0,Spx1,1).

By induction, we have by Lemma (3.2

M(xn,xn+1at) = HM(Sixn—las)/xnyt)9

N(xn,xn+1,8) < HN(Sixp-1,Sy%n,t).
First we show that x, € B(xg,r,t). By eq. (3.3), (3.4), we get
M(xo,x1,t) = M(x0,Sq%0,t) > M(x9,x1,(1-k)t)=1~r,

N(xg,%1,t) = N(x9,Sq%0,t) < N(xg,x1,(1-k)t)<r.

This shows that x1 € B(xo,r,?). Let x2,x3,...,x; € B(xo,r,t). Now, we have

Moreover,

M(xj,xj41,t) = Hy(Ssx;-1,Syxj,1)

t
= M(xj_l,xj,a—
’T’

t
>Hy (prj_g,S(sxj_l, —)

=M Xj-2,Xj-1,

t
=M |xj-2,xj-1,

t
=M |xg,x1, k_J) .

)

as,n

: )
Ap,m> X5,

t
ﬁ) =... ZM(JC(),.?C:[,E)

N(xj,xj11,t) <HN(Ssxj-1,Spx;,t)

t
=< N(xJ'_l,xJ',a—)

6,n

t
<Hpy (prj—z,saxj—l,a—)

<N Xj-2,%j-1,
0

t
<N Xj-2:%j-1>73

t
< —_—
<N X0,X1, j)’
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Now,
M(x0,%;+1,8) = M(x0,%;4+1,(1— k7 He)
2M(xo,x1,(1—k)t)*M(x1,x2,(1—k)kt)*...*M(xj,xjﬂ,(l_k)kjt)
> M (x0,x1,(1 = R)t) * M(x1,x2,(1—k)t) *...x M(xj,x;11,(1 - k)t) (by (3.7))
>1-rxl-r*x...x1—-r=1-r
=1-r
and
N(XO,xj+1,t)SN(xO,xj+1,(1_kj+1)t)
< N(x0,%1,(1 - R)OON (x1,22,(1— DR ... OGN (xj,%x41,(1 - )R E)
< N(x,x1,(1-R))ON(x1,x2,(1 = k))O ... ON(xj,xj4+1,(1—k)t)  (by (3.8))
<rord...Or=r

=r.

This implies that x;.1 € B(xg,r,t). Now inequalities (3.7) and (3.8) can be written as

t

M(xnyxn+1,t)2M(x07x1, k_n’), (3.9)
t

N(xn,xn+1,t)§N(x0,x17 k_n), (3.10)

for all n and £ > 0.
Now, for each n,m € N; m > n, we have
M(xp,%Xm,t) > M(xy,xm,(1— R ™))
> M(xp, Xn+1, (1= B)) % M(xps1,Xns2, (1= B)EE) % ... % M(xpm—1,%m,(1—E)E™ " 1¢)

(1-k)t (1-k)kt (1-k)em 1t
=M xo,xl,k—n *M(xo,xl,w) ® ... *M(xo,xl, T )
1-k)t 1-k)t 1-k)t
=M xny].’(k—n) *M(x()?xly (k—n)) *... *M(x(),.’JC]_, (k—n))
a-k)t
=M 0,41, ——
As, tlim M(x,y,t)=1, for all x,y € X. In particular
—00
1-k)t
M(xo,x1,( kn) )21 as n — oo.
Hence
M(x,,xm,t)=1 as n — oco.
Also

N, xXm,t) <N(xy,%m, (1 k™))
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SN, xn+1, 1 —RODON( +1,x,12,(1 - RO ... ON (X1, %m,(1 — )R 1

<N xo,xl,(llz# ON (xo,xb%)O---ON (xo,xl, (1—]2?;’_”1_”_115)
=N xo,xl,(llz# ON(xo,xl,(1;f)t)<>...<>N(x0,x1,(1];#)
=N xo,xl,% .
As, tlirgloN(x,y, t)=0, for all x,y € X. In particular
N(xo,xl,%) =0 as n—oo.

Hence
N(x,,x,,t)=0 as n — oo.

Hence {XS,(x,)} is a Cauchy sequence in B(xo,r,t). As every closed ball in a complete fuzzy
metric space is complete. So, B(xg,r,t) is complete. Then there exists a point z in B(xg,r,t) such

that
lim XSy (x,) =z.
n—oo

Now for some q € (2, we have
M(z,S4z,t) = M(z,x,,(1 - k)t) * M(x,,S 42, kt).
By Lemma 3.2, we have
M(z,S4z,t) = M(z,x,,(1 - k)t) * Hy(S,x,-1,S g2, kt)
=M(z,x,,)(1—R)t)* M(x,-1,2,kt/ar 4)
>=M(z,x,,(1-Fk)t)* M(x,,_1,2,t).
Letting n — oo, we have
M(z,S4z,t)=1x1=1
and
N(z,S42,t) < N(z,x,,(1 - k)t)ON(x,,Sq2,kt)
N(z,S42,t) < N(z,x,,(1-k)t) * HN(S,x,-1,8 42, kt)
<N(z,x,,)A - R))ON (xp_1,2,kt/ar 4)
<N(z,x,,1-kR))ON(x,-1,2,t).
Letting n — oo, we have
N(z,S42,t) <050 =0.
This implies that z € S;z. Hence, z € n{S,z : g € O}. This completes the proof. O
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Let (X,M,N, *,<) be an intuitionistic fuzzy metric space, xo € X and let S be a multivalued
mapping from X to C(X). Then there exists x1 € Sxg, such that M(xy,Sxo,t) = M(xo,x1,t) and
N(xp,Sxq,t) = N(xg,x1,t), for all £> 0. Let x9 € Sx1, such that M(x1,Sx1,t) = M(x1,x9,t) and
N(x1,Sx1,t) = N(x1,x2,t). Continuing this process, we construct a sequence x, of points in
X such that x,,.1 € Sx,,, M(x,,Sx,,t) = M(x,,xn+1,t) and N(x,,Sx,,t) = N(x,,x,+1,t), for all
t > 0. We denote this iterative sequence by {XS(x,)} and say that {XS(x,)} is a sequence in X
generated by xg.

Corollary 3.4. Let (X,M,N,*,{>) be a complete intuitionistic fuzzy metric space with = t-
norm and {y conorm defined as a xa = a or a * b =min{a,b} and a *a < a or a)b = max{a, b},
respectively. Let (C(X),Hy,Hy, *,$) be a hausdorff intuitionistic fuzzy metric space on C(X),
S : X — C(X) be a multivalued mapping from X to C(X) and {XS(x,)} be a sequence in X
generated by xg. Assume that for some 0<k <1, ¢t>0, xge X, forall x,y€ m N{XS(x,)},

with x #y, we have

Hpy(Sx,Sy,kt) = M(x,y,t), (3.11)

Hn(Sx,Sy,kt) < N(x,y,t) (3.12)
and

M(x0,Sx,(1-k)t)=1-r, (3.13)

N(xg,Sxo,(1—-Fk)t)<r. (3.14)

Then, {XS(x,)} is a sequence in B(xg,r,t) and {XS(x,)} — z € B(xq,r,t). Also, if (3.11),
hold for z, then there exists a fixed point for S in B(xg,r,t).

Proof. The technique which is used in above theorem can also be applied easily to prove this
corollary. O

Corollary 3.5. Let (X,M,N,*,{>) be a complete intuitionistic fuzzy metric space with * t-
norm and {y conorm defined as a xa = a or a * b =min{a,b} and a *a < a or a>b = max{a, b},
respectively. S : X — X be a self mapping from X to X. Assume that for some 0<k <1, t>0,
xo€X, forall x,y € B(xo,r,t), with x # y, we have

M(Sx,Sy,kt)=M(x,y,t), (3.15)

N(Sx,Sy,k)<N(x,y,t) (3.16)
and

M(xg,Sxo,(1-R))=1-r, (3.17)

N(xo,Sxo,(1-k)t)<T. (3.18)

Then S has a fixed point in B(xg,r,t).

Example 3.1. Let X =[0,2] and d be a Euclidean metric on X. Denote a * b = min{a, b} and

a$b =max{a,b} for all a,b € [0,11, M(x,y,t) = 77— and N(x,y,t) = 72522 for all x,y € X and
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t > 0. Then we can find that (X,M,N, *,<) be an intuitionistic fuzzy metric space. Consider the
multivalued mappings S, : X — C(X), where y =a,1,2,3,... defined as

oo ﬁg] ifxe[o,g]
" [Bnx,4nx], if xe(%,2],

where n=1,2,3,...
5x

oo Jlad if ve (0,3
o [3x,4x], if xe(%,2].

Consider x¢ = % and r = %, then B(xg,r,t) =[0,2]. Now,

1 1 1 5
Sa (_)7t) :M(_)_)t)7

2 2736

57
M(x1,S1(x1),8) =M 35 51(5) )=M(i,i,t),

M(x0,Sq(x0),t) =M

36 36’ 108

5 5 5 5
M S H=M S tl=M|—,—,t]|.
(2, S2(x2),2) 108’ 2(108) ) (108’648’)

So we obtain a sequence {XSy(x,)} = {%, %, %, 6%, .. } in X generated by x.

Nowforxz%,yzg,k:al,a:%andtzl,wehave

8 9 1 9 1 8 1
o L T Iy L O
5 5] 4 beS1(2) 5) 4)) ce8q(D) 5 4

89 1
M(_,_’l):—
o5
Its clear that

=0.833.
8 9] 1 89
HM(Sl(—),Sa —),—)<M(—,—,l).
5 5/ 4 55

Now for all x,y € B(xo,7,t) N {XS,(x,)}, we have

[or N1

HM(Snx,Say,kt):min{ inf (M(b,S,y,kt), 1nf (M(S,x,c kt}

beS,x ceS,y

5y] 1 1
:min{ inf (Mv(b,[z,—y ,—t)), inf (M([i,i],c,—t))}
beS,x 4°18) 4 ceSyy 4n" 3n 4

i 5552 2 1)
3n’ 18’4 dn’ 4’4

_ min { (1/4)¢ (1/4)¢ }
- (1/4)t + |x/3n — 5y/18|" (1/4)t + |x/4n — y/4|
(1/4)¢t
Hy(Sx,Sy,kt) =
M85y, k0 = A ]
¢
>
(t+|x—yl
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=M(x,y,1),
Hn(Spx,Say,kt) = max{ sup (N(b,S,y,kt), sup (N(Snx,c,kt}
beS,x ceSyy
ras) ) o ({5 e )
= N|b,|=,—=|,-t N||—,— —t
max{b?éfx( ( ’[4’18]’4 ceSey P
{ |x/3n — 5y/18]| |x/4n — y/4| }
= max )
(1/4)t + |x/3n — 5y/18|” (1/4)t + |x/4n — y/4]|
|x/4 — y/4|
Hpn(Sx,Sy,kt) =
NS5y, k0 = i /A= /Al
e — I
C(t+lx—yl)
=N(x,y,t).
So the contractive conditions hold on B(xo,r,t) N{XS,(x,)}. Now for t =1
1 5 3 27
M 1-k)=M|=,—,-|=—
(20,1, ( )t) (2’36’4) 20
1
>—=1-r,
2

N a k)t)_N(l 5 3)_1 M(l 5 3)_1 27 13
0,415 “Vl2se4)” 2°36°4) 40 40
1

<—=r.
2

Hence all the conditions of above theorem are satisfied. Now we have {XS,(x,)} is a sequence
in B(xo,r,t) and {XSy(x,)} — 0 € B(xo,7,t). Moreover {Sy :y =a,1,2...} has a common fixed
point 0.
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