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Common fixed point result for multivalued mappings with
applications to systems of integral and functional equations
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ABSTRACT. In this paper, we establish a common fixed point theorem for two multivalued
mappings satisfying some dominated conditions on a complete metric space. This new rational
type contractive inequality refines various results in the literature. The main theorem is
illustrated with examples. As application, we found the existence of solutions of system
nonlinear integral equations and functional equations.
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1. Introduction

Metric fixed point theory is widely recognized to have been originated in the work
of S. Banach in 1922 [2], where he proved the famous contraction mapping principle.
The conventional proofs of the Banach’s fixed point theorem along with the proofs
of several other contractive fixed point results like those in [3, 4, 11, 17, 22], do not
require the respective contraction conditions to be satisfied between every pair of
points. Taking into account the above fact, it was shown in many of the recent works
that under some suitable conditions several of these results hold if a partial ordering
" <’ is introduced in the metric space, the contraction is restricted to hold for pairs
of points related by partial ordering, there is an initial condition xg < Tzg for some
xo for the fixed point iteration. Some works in this direction are [14, 19, 20]. This
has opened a new line of research which is the fixed point theory in partially ordered
metric spaces.

An alternative way was suggested by Samet et al. [21] where the concept of admis-
sible mappings was introduced. There is no need to introduce any partial ordering. A
generalization of Banach’s contraction mapping principle was proved by assuming a
contraction condition for certain pairs of points and an initial condition to start with
fixed point iteration. The a- admissible mappings have been used in several fixed
point results like [1, 5, 6, 9].

We use rational terms in our inequality. The use of rational terms in contraction
inequalities in the domain of metric fixed point theory was initiated by Dass et al. in
their work [12] in which they extended the Banach’s contraction principle [2] by using
a contractive rational inequality. After that the rational inequalities have been used
in fixed point and related problems in several works as for instances in [5, 6, 16].
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The extension of Banach’s contraction mapping principal [2] into the domain of
set valued analysis was obtain in 1969 in the work of Nadler [18] where the Hausdorff
distance was used. There are several works which have utilized Hausdorff distance [5,

, 9]. An alternative concept of distance which appeared in the subsequent literature
of set valued fixed point theory is the - distance [7, 8, 13].

2. Mathematical background

The following are the concepts from setvalued analysis which we use in this paper. Let
(X, d) be a metric space. Then N(X) denotes the collection of all nonempty subset
of X; CB(X) denotes the collection of all nonempty closed and bounded subset of X
and C(X) denotes the collection of all nonempty compact subset of X. Let z € X
and A, B € CB(X). Then the functions D, ¢ and H are defined as follows.

D(z, B) =inf {d(z, y) : y € B}, D(A, B)=1inf{d(a, b):a € A, b€ B},

H(A, B) = max {sup D(z, B), sup D(y, A)}, 6(A, B) =sup{d(a, b):a € A, be B}.
€A yeEB

If A = {a}, then we write D(A, B) = D(a, B) and §(A4, B) = B). Also
in addition, if B = {b}, then D(A, B) = d(a, b) and 6(A, B) = , b). For
all A, B, C € CB(X), the definition of §(A, B) yields that §(A, B) = §(B, A),
5(A4, B) <4§(A, C)+46(C, B), (A, B)=0iff A= B ={a}, §(4, A) =diam A [13].
H is known as the Hausdorff metric induced by d on CB(X) [18]. Further, if (X, d)
is complete then (CB(X), H) is also complete. The § - distance is not a metric like
the Hausdorff distance, but shares most of the properties of a metric.

d(a,
d(a

Lemma 2.1 ([0]). Let (X, d) be a metric space and B € C(X). Then for every
x € X there exists y € B such that d(z, y) = D(z, B).

Definition 2.1. Let X be a nonempty set and 7' : X — X. An element z € X is
called a fixed point of the mapping T' if x = Tx.

Definition 2.2. Let X be a nonempty set and T : X — N(X) be a multivalued
mapping. An element z € X is called a fixed point of the mapping T if x € Tx.

Definition 2.3. Let X be a nonempty set and S, T : X — X. An element z € X
is called a common fixed point of the mappings S and T if z = Sz = Tx.

Definition 2.4. Let X be a nonempty set and S, T : X — N(X) be two multivalued
mappings. An element x € X is called a common fixed point of the mappings S and
TifzxeSx\Tx.

Definition 2.5. Let X be a nonempty set, T : X — N(X) and o : X x X —
[0, 00). Then T is said to be a- dominated if a(x, uw) > 1, for all z € X and u € Tz.

Definition 2.6. Let X be a nonempty set, S, T : X — N(X) be multivalued
mapping and « : X x X — [0, oo). We say that S and T are a-dominated by each
other if for x € X,

(1) a(u, v) > 1, for all w € Tz and v € Su and (ii) a(a, b) > 1, for all a € Sz and
beTa.
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Definition 2.7. Let (X, <) be a partial ordered set and S, T': X — N(X) be two
multivalued mappings. Then S and T are said to be dominated by each other if for
zeX,

(i) v X u, for all w € Tz and v € Su; and (i) b < a, for all a € Sy and b € Ta.

Definition 2.8. Let (X, d) be a metric space and a: X x X — [0, o0). Then X is
said to have a- regular property if for every sequence {z,} in X with x,, — 2 and
Xy, Tpy1) > 1 implies a(z,, x) > 1 for all n € N.

Definition 2.9. Let (X, d) be a metric space with a partial order <. Then X is
said to have regular property if for a monotonic increasing (respectively monotonic
decreasing) sequence {z,} in X with z,, — z implies = < x,, (respectively x,, < x)
for all n € N.

3. Main results

Theorem 3.1. Let (X, d) is a complete metric space, S, T : X — C(X) be two
multivalued mappings and o : X x X — [0, 00). Suppose that (i) X has a- reqular
property; (i) S, T are a- dominated by each other; (iii) there exist non-negative real
numbers a, b, f, g witha+b+ f+g <1 such that for all x, y € X with a(x, y) > 1
or a(y, z) > 1,

D(z, Sz)D(y, Ty) + D(y, Sz)D(z, Ty)

<
H(Sz, Ty) < a d(z, y) +5 1+ 6(z, Ty) +d(x, y)+0(y, Sz)

+ [ D(z, Sz)+g D(y, Ty).
Then S, T have a common fized point in X.

Proof. Let xyp € X. As Sz € C(X), by Lemma 2.1, there exists 1 € Sz such
that d(zg, x1) = D(xo, Sxp). Again Tx; € C(X). By Lemma 2.1, there exists
xg € Ty such that d(zy, x2) = D(x1, Tx1). Also by the assumption (ii), we have
a(x1, x2) > 1. Similarly by Lemma 2.1, as Sxe € C(X), there exists x3 € Sxza such
that d(z3, x2) = D(Sx2, x2) and by the assumption (ii), a(x2, x3) > 1. Continuing
this process we construct a sequence {z,} in X such that for all n € N,

Tont1 € Sxan, and  Zopio € Txopy1, with a(z,, Tp41) > 1, (3.1)

d(T2n+1, Tant2) = D(@2n41, To2041) and d(2n+43, Tant2) = D(STant2, T2nt2).
(3.2)
Now as a(xan, Tont1) > 1, by assumption (iii) and from (3.1) and (3.2), we have

d(372n+1a $27L+2) = D(1'2n+17 T$2’IL+1) S H(Sl’gn, T-'EZTH»I)
D(x2n, Sz2n)D(x2n+1, T22n+1) + D(x2nt1, S2n)D(22n, Tx2n41)

14 0(z2n, Txont1) + d(22n, T2nt1) +0(z2nt1, ST2n)
+ f D(z2n, Sz2n)+ g D(z2nt+1, Tront1)

<ad(zen, Tany1)+0

d(z2n, Tant+1)d(@an+1, Tant2) + d(Tont1, Tont1)d(Ton, Tant2)
1+ d(z2n, xon+2) + d(x2n, Tont1) + d(@2n+1, Tant1)
+ f d(z2n, Tan+1) + 9 d(@2n+1, Tan+2)

<ad(zan, Tany1)+0
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d(z2n, Tan+1)d(Tan+1, Tant2)
1+ d(z2n, Tan+2) + d(T2n, Ton+1)
d(z2n, Ton+1)d(T2n+1; Tan+2)
1+ d(zan+1, Tan+2)
= a d(x2n, T2n+1) +b d(wan, Tant1) + f d(x2n, Tant1) + 9 d(Tant1, T2nt2)-

=a d(z2n, Tant1)+Db

+ f d(z2n, z2nt1)+ 9 d(T2nt1, Tont2)

< a d(xz2n, Tant1)+b + f d(zan, Tont1) + g d(@2n+1, Tont2)

Therefore,
(1= g)d(z2nt1, Tony2) < (a+b+ f) d(w2n, T2ns1)-
That is,

a+b+
d(x2n+17x2n+2) S ((1—g)f) d(x2nax2n+1) =p d(x2n71'2n+1)3 (33)

where p = (a(ﬁi;)f) < 1. Similarly, as a(22,41, Zant2) > 1, by assumption (iii) and
using (3.1) and (3.2), we have

d(x2n+3, Tant2) = D(ST2nt2, Tant2) < H(STany2, TTont1)
< a d(zan+2, Tan+1) + [ D(zan+2, Szont2) + 9 D(zant1, Txont+1)+
D(z2n+2, Szan+2)D(x2n+1, Txon+1) + D(z2n+1, Stan+2)D(z2n+2, TT2n+1)
1+ 6(z2n+2, Txont1) + d(z2n+2, Tont+1) + 0(T2n+1, STan+2)
(Tont2, Tant3)d(@ant1, Tang2) + d(@anit1, T2nt3)d(Tany2, Tani2)
14 d(z2n+2, Tant2) +d(T2nt2, T2n+1) + d(T2n+1, T2n+3)
+ f d(zant2, T2nt3) + 9 d(T2nt1, Tani2)

+b

d
<ad(zani2, Tant1) +0

d(zan+2, T2n+3)d(Tant1, Tant2)
1+ d(z2n+2, Tan+1) +d(T2n+1, T2n+3)
+ f d(xon+2, Tant+3) + g d(Tant1, Tant2)

=a d(xz2n+2, Tant1) +0

d(x2n+2, T2n+3)d(T2n4+1, T2n42)
1+ d(z2n+2, T2n+3)
=a d(z2n+2, Tant+1) +b d(xon+1, Tant2) + [ d(@2n+2, Tant3) + g d(@2n+1, Tant2).

< ad(zan+2, Tont1) +b + f d(x2n+2, Tan+3) + g d(T2nt1, Tont+2)

Therefore,

(1— f)d(zon+s, Tant+2) < (a+b+g) d(@ont2, Tont1)-
That is,

a+b+
d(T2n+3, Tan+2) < ((1_f)g) d(@2n+2, T2n+1) = ¢ d(T2nt2, Tant1), (3.4)

where ¢ = % < 1. Late k = Max {p, ¢}, then k < 1. So by (3.3) and (3.4), we

have
d(Tpi1, Tonye) <k d(Xn, Tni1). (3.5)
By repeated application of (3.5), we have

A(Tpi1, Togo) <k d(@n, Tngp1) <Kk d(z,_1, 2,) < ... <E"THd(zg, 71).  (3.6)
For m > n > 0, we have from (3.6),

d(IEn, xm) < d(xnv xn+1) + d(xn+17 mn+2) + ...+ d(xm—h xm)
<K+ kT 4L+ Em d (2o, 21)
L

=0-w

d(l‘o, 171). (37)
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Taking the limit as m, n — oo, in (3.7), we have

m)l%rgw d(xpn, Tm)=0.

So {z,} is a Cauchy sequence in X. As (X, d) is complete, there exists € X, such
that
lim z, = z. (3.8)

n—oo
We prove that this x is a common fixed point of S and T'.
As a(zyn, Tpe1) > 1, by the condition (i), we have a(z,, z) > 1, for all n. Since
a(Zant1, ) > 1, by equation (3.1) and the condition (iii), we have
D(Sz, xont2) < H(Sz, Txoni1)
D(J?, S.’L‘)D(l‘gn+1, T$2n+1) —|—D(.132n+1, Sx)D(x T£2n+1)
1 + 5(‘%, Tx2n+1) + d(i[,’, $2n+1) + 5(1’2n+1, Sl’)
+ f D(z, Sx) + g D(z2n41, T2n11)
D(x, Sz)d(ran+1, Tani2) + D(T2n41, Sr)d(T, T2042)
L+d(z, z2n42) +d(z, T2n41) + D(T2n+1, ST)
+ f D(z, Sz)+ g d(v2n11, Tant2)
taking the limit as n — oo in the above inequality and applying (3.8) we have
D(Sxz, z) < f D(x, Sx)

implies D(Sz, x) = 0. Since Sz is compact so it is closed. Hence x € Sx = Sz, where
Sz is the closure of Sz. Therefore, z is a fixed point of S.
Again as a(zant2, ) > 1, so by equation (3.1) and the condition (iii), we have
D($2n+3, Tl’) S H(S$2n+2, Tﬂf)
D(xon+2, Stant2)D(x, Tx) + D(x, Stant2)D(vont2, Tx)
1+ 0(w2n42, T2) + d(T2ny2, ) + (7, STan42)

<ad(z, xon+1)+b

<ad(z, z2p+1) +b

<ad(zante, x)+b

+ f D(z2nt2, STont2) +9 D(x, Tx)

d(xont2, Tonys)D(x, Tx)+d(z, 2onis)D(Tant2, Tx)
1+ D(zont2, Tx) + d(x2nt2, )+ d(x, Tonis)
+f d(zante, Tonts) +9 D(x, T x).
Now taking limit as n — oo and applying (3.8) , we have
D(z, Tx) < g D(z, Tx)

implies D(z, Tx) = 0. Since T'z is compact so it is closed. Hence x € Tx = Tz, where
Tz is the closure of Tx. Hence x is a fixed point of T. Therefore, x is a common fixed
point of S and T

Example 3.1. Let X = [0, 1] with the usual metric ‘d’ and S, T : X — C(X) and
a: X x X — [0, co) be defined as follows:

<ad(xapta, ) +b

x
Tz = [0, 1—6], forall = € [0, 1]
and )
Sz =0, Slﬂ}, forall = € [0, 1]

16
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1
1, ifOSxSLOSyST;
a(z, y) = 1 6

_ otherwise.
er+y

Take a =

satisfied and 0 is a common fixed point of S and T

1
, b= 3’ and f = g = 0, then all the conditions of Theorem 3.1 are

DN =

Example 3.2. Let X = [0, 1] with the usual metric ‘d’. Let S, T : X — C(X)
and a1 X x X — [0, 00) be defined as follows:

Tz = [Z’ 1], forall z € [0, 1]
and
22
=|—7 1 forall 1
Sz [4(1+x)’ 1, orall x € [0, 1]
a(z, y) =" 1Y, forall z, y €0, 1]

Take a = %7 b=f=g9g= %, then all the conditions of Theorem 3.1 are satisfied
and 0 and 1 are two common fixed points of S and T.

4. Consequences in Meir Keeler Khan type contraction

We have also obtain following Meir Keeler Khan type result for common fixed point.

Theorem 4.1. Let (X, d) is a complete metric space, S, T : X — C(X) be two
multivalued mappings and o : X x X — [0, oo) be a mapping. Suppose that (i)
X has « - regular property; (ii) S,T are a- dominated by each other; (iii) there exist
non-negative real numbers a, b, f, g witha+b+ f+g <1 and for every e >0 there
exists 0(€) such that for all x, y € X with a(z, y) > 1 or a(y, x) > 1,

D(zx,Sz)D(y, Ty) + D(y, Sz)D(x, Ty)

<
e<ad(zy)+b 1+6(z, Ty) +d(z, y)+ 0y, Sx)

+f D(x,Sx) + g D(y, Ty)
<e+d(e)

implies H(Sxz, Ty) < e. Then S, T have a common fized point in X .

Proof. Result follows from the fact

D(z, Sx)D(y, Ty) + D(y, Sz)D(x, Ty)

<e<
H(Sz, Ty) s e<adz, y)+b 14 6(z, Ty) +d(z, y)+d(y, Sx)

+f D(z, Sz)+g D(y, Ty).

5. Application on partial ordered metric space

We prove our next result in ordered metric space.
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Theorem 5.1. Let (X, d) is a complete metric space with a partial order < and
S, T : X — C(X) be two multivalued mappings. Suppose that i) X has requ-
lar property, ii) S, T are dominated by each other, iii) there exist non-negative real
numbers a,b, f, g with a + b+ f + g <1 such that for all comparable x, y € X

D(z, Sz)D(y, Ty) + D(y, Sz)D(z, Ty)
1+ 6(z, Ty) +d(z, y)+6(y, Sz)

H(Sz, Ty) < a.d(z, y)+b

+f D(z, Sx)+g D(y, Ty).
Then S and T have a common fized point in X.

1, if y<=zx
0, otherwise °

We take the assumption (i) of the theorem, Suppose that {z,} is a monotonic
increasing (or decreasing ) and convergent sequence in X with x,, — z. Then z,, < «
(resp. x = m,) for all n. By the definition of «, a(z,, Zn+1) = 1, for all n, and
ZTn 2 x (resp. x < x,) for all n, implies a(z,, x) =1 . Hence the assumption (i) of
the above theorem reduces to the assumption (i) of Theorem 3.1.

Now by assumption (ii) of the theorem, S, T are dominated by each other. So
reX, ueTlr = v=u,forallve Su and fora € Sy = b <a, for all b € Ta.
From the definition of « it follows that for z € X, v € Te = a(u, v) =1, v € Su
and a € St = afa, b) = 1, b € Ta. Hence the assumption (ii) of the theorem
reduces to the assumption (ii) of Theorem 3.1.

It observed that,the inequality in assumption (iii) holds for all comparable elements
x and y, i.e y < x or x =X y implies that the inequality holds for all =, y for which
a(z, y) = 1or a(y, ) = 1. Hence the assumption (iii) of the theorem reduces to the
assumption (iii) of Theorem 3.1.

Therefore all the condition of theorem 3.1 are satisfied. Then by an application of
theorem 3.1, we conclude that S and 7T have a common fixed point.

Proof. Let us define a mapping o : X x X — [0, o0) by a(z, y) = {

6. Application to the solution of system of nonlinear second kind Volterra
type integral equations

Every singleton set {z} is a member of C(X), that is, {z} € C(X), for every z € X.
Let S, T : X — X be two multivalued mappings in which case Sz and Tz is a
singleton set for every x € X. Hence the following result is a special case of Theorem
3.1 when S and T are single valued mappings and «a(z,y) =1, for all z, y € X.

Theorem 6.1. Let (X, d) is a complete metric space and S, T : X — X be two
mappings. Suppose that there exist nonnegative real numbers a,b, f,g with a+b+ f +
g < 1 such that for all x,y € X
d(z, Sz)d(y, Ty) +d(y, Sx)d(z, Ty)

1+ d(z, Ty) +d(z, y) +d(y, Sz)

d(Sz, Ty) < ad(z, y) +b

+ fd(z, Sx)+g d(y, Ty).

Then S and T have a common fized point in X.
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In this section, we shall prove the existence of solution for system of integral equa-
tions by using Theorem 6.1. Fixed point theorems are widely investigated and have
found applications in differential and integral equations ( see [15, 19] and references
therein). We consider, here a system of nonlinear second kind Volterra type integral
equation as follows

Jrf (t, s, (s)) ds and
+f(:3 J(t, s, x(s)) ds, where t € [0, A, } (6.1)

with A > 0 and the unknown function z(t) takes real values. Let X = C([0, )]),
where A > 0 be the set of all real valued continuous functions defined on [0, A]. It is
well known that C([0, A]) endowed with the metric

p(z, y) = hax | 2(t) —y(t) | (6.2)

is a complete metric space.
Define two mappings S, T : X — X by

Sw(t) F) + [T K(t, s, 2(s)) ds and
Tx(t) = f(t +f(z) J(t, s, x(s)) ds, where t € [0, A] } (6.3)

with A > 0.
We designate the following assumptions by A; and A,

Ay feC([0, A] and J, K :[0, A\] X [0, A\] Xx R — R are continuous mappings;
Aot | K(t,s,2(5)) — J(t,5,y(s)) |< q| x(s) —y(s) |, for all x,y € Xand s,t € [0, A];
where a = ¢ A € (0,1).
Theorem 6.2. Let X = C([0, A]), (X, p), S, T, h, K(t,s,z(s)), J(t,s,x(s)) satisfy

the assumptions A; and A;. Then system of nonlinear second kind Volterra type
integral equation (6.1) has a solution w € C([0, A]).

Proof. Consider the functions S, T : X — X defined by (6.3). From assumptions A;
and A, for all z, y € C([0, }A]), we have

| S(t) — Ty(t) |=] / (K(t, s, 2(s) — I(t, 5, y(s)))ds |
- / |K(t, s, 2(s) — (¢, 5, y(s)) | ds < / ¢| z(s) - y(s) | ds
0 0

= 1xds=qt — by A

0 max | a(s) = y(s)| / <ds=qt max Ja(s)=y(s)| [by A

<gXA max |z(s)—y(s)|=a max | z(s) —y(s) |< a p(x,y), for all ¢t e [0,
s€[0, A] s€[0, A

Taking b = f = g =0, we have for all z, y € X

d(x, Sz)d(y, Ty) + d(y, Sz)d(x, Ty)
1+d(z, Ty) +d(x,y) + d(y, Sx)

Hence, all the conditions of Theorem 6.1 are satisfied. Therefore, Theorem 6.1

guarantees the existence of a common fixed point w of S and T in X. That is, w is
a common solution of system of integral equations (6.1) in C(]0, A]).

d(Sz, Ty) < ad(x,y)+b +fd(z, St)+gd(y, Ty).
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7. Application to the solution of system of functional equations

The solutions of functional equations and system of functional equations using dif-
ferent fixed point theorems have been studied in [10] and reference there in. We will
apply Theorem 6.1 to prove the existence of solution system of functional equations.
Through out this section, we assume U and V' are Banach spaces, W C U is a
state space, D C V is a decision space.
We consider the following system of functional equations

z(k) = sup,epip(k, p) +g(k, pu, z(n(k, w)))}, &€ W and } (7.1)
y(k) = sup,epip(k, 1) +k(k, p, y(n(s, p)}, k€W, '

where n: W xD —->W, p, q:WxD—-R andg, k: W xD xR — R. Equations
in (7.1) find their application in mathematical optimization, computer programming
and in dynamic programming, which gives tools for solving boundary value problems
arising in engineering and physical science.

Let B(W') denote the set of all real valued bounded functions defined on a nonempty
Banach spaces W, that is, x € B(W) if and only if  : W — R is a bounded function.
It is well known that B(W) endowed with the metric

olz, y) = Sélvpi/ | (k) —y(k) | forall z, y € B(W) (7.2)

is a complete metric space.
We designate the following assumptions by F; and Fj
Fi: p:WxD—=R and g, k: W xD xR —R are bounded functions.
Fy: for 11, o € R and k€ W, p€ D imply
0<g(k, p, 1) —k(k, p, r2) <alry —ra), where a€l0, 1).

Theorem 7.1. Let (X, d) = (B,(W), 0), g, k, p, n, p satisfy all the assumptions Fy
and Fy. Then system of functional equations (7.1) has a common bounded solution
in W.

Proof. Define two mappings S, T : B,(W) — B,(W) by

S(w)(k) = sup,epip(k, )+ g(k, p, wn(k, p))}, and } (73)
T(w)(x) = sup,ep{p(h, p) +k(k, p, wn(s, @)}, k€W, '

Let A be an arbitrary positive number, x € W and w;, ws € X. Then there exist
w1, po € D such that

S(wi) (k) < p(k, p1) + gk, p1, wi(n(k, p1))) + A (7.4)
T(w2)(k) < p(k, p2) + k(k, p2, wa(n(s, p2))) + A (7.5)
Also from the definition of S and T', we have
S(wi)(k) = p(k, p2) +9g(k, p2, wi(n(k, p2))). (7.6)
T(w2)(k) = p(k, p1) + k(k, p1, wa(n(k, p1)))-
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Using (7.4) and (7.7), we have
S(w1)(k) = T(w2) (k) < g(k, pa, wi(n(k, p1))) —k(k, p1, wan(k, pa))) + A
<l gk, pr, wi(n(k, p1))) = k(x, p1, w2(n(k, pa))) [ +A
<a [winls, m)—waln(s, @) | +A. [using By | (7.8)
Analogously, using (7.5) and (7.6), we have
T(w2)(k) = S(w1)(k) <a [wi(n(s, p2)) —wan(k, p2)) | +A. (7.9)
Therefore, by (7.8) and (7.9), we have
o(S(wr), T(w2)) < a o(wr, w2) + A
Since A > 0 be arbitrary, we obtain
o(S(w1), T(w2)) < a o(wr, wa).
Taking b = f = g = 0, for all wy, wy € X, the above relation can be written as

(w1, S(w1))e(wz, T(w2)) + o(w2, S(wi))o(w, T'(ws)

o
QS Ten), Tlewn)) < @ olwn, wa) b == O RN + olwn,w2) + olwn, S@))

+ f o(w1, S(w1)) + g o(w2, T(w2)).

Hence, all the conditions of Theorem 6.1 are satisfied. Therefore, Theorem 6.1 guar-
antees the existence of a common fixed point « of S and T in X. That is, system of
functional equations (7.1) has a common bounded solution in W.
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