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Abstract

Recently, the complex-valued metric spaces which are more general than the metric
spaces were first introduced by Azam et al. (Numer. Funct. Anal. Optim. 32:243-253,
2011). They also established the existence of fixed point theorems under the
contraction condition in these spaces. The aim of this paper is to introduce the
concepts of a C-Cauchy sequence and C-complete in complex-valued metric spaces
and establish the existence of common fixed point theorems in C-complete
complex-valued metric spaces. Furthermore, we apply our result to obtain the
existence theorem for a common solution of the Urysohn integral equations

b

x(t) = / Ky (t,s,x(s)) ds +g(t),
b

x(t) = / Ky (t,s,x(s)) ds + h(t),

where t € [a,0] C R, x,g,h € C([g,b],R") and K;,K; : [a,b] x [a,b] x R" — R".
MSC: 47H09;47H10

Keywords: complex-valued metric spaces; Urysohn integral equations; common
fixed points; weakly compatible

1 Introduction

The study of metric spaces has played a vital role in many branches of pure and applied sci-
ences. We can find useful applications of metric spaces in mathematics, biology, medicine,
physics and computer science (see [1-3]). Several mathematicians improved, generalized
and extended the concept of metric spaces to vector-valued metric spaces of Perov [4],
G-metric spaces of Mustafa and Sims [5], cone metric spaces of Huang and Zhang [6],
modular metric spaces of Chistyakov [7], partial metric spaces of Matthews [8] and others.
Since Banach [9] introduced his contraction principle in complete metric spaces in 1922,
this field of fixed point theory has been rapidly growing. It has been very useful in many
fields such as optimization problems, control theory, differential equations, economics
and many others. A number of papers in this field have been dedicated to the improve-
ment and generalization of Banach’s contraction mapping principle in many spaces and
ways (see [10-13]).
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Recently, Azam et al. [14] introduced a new space, the so-called complex-valued metric
space, and established a fixed point theorem for some type of contraction mappings as
follows.

Theorem 1.1 (Azam et al. [14]) Let (X, d) be a complete complex-valued metric space and
S, T: X — X be two mappings. If S and T satisfy

pd(x, Sx)d(y, Ty)

,T —<)" )
d(Sx, Ty) T Ad(x,y) + T+ dy)

(1.1)

forallx,y € X, where X, u are nonnegative reals with A + i < 1, then S and T have a unique

common fixed point in X.

Theorem 1.1 of Azam et al. in [14] is an essential tool in the complex-valued metric space
to claim the existence of a common fixed point for some mappings. However, it is most
interesting to find another new auxiliary tool to claim the existence of a common fixed
point. Some other works related to the results in a complex-valued metric space are [15,
16].

In this paper, we introduce the concept of a C-Cauchy sequence and C-complete in
complex-valued metric spaces and also prove some common fixed point theorems for
new generalized contraction mappings in C-complete complex-valued metric spaces.

On the other hand, integral equations arise naturally from many applications in describ-
ing numerous real world problems. These equations have been studied by many authors.
Existence theorems for the Urysohn integral equations can be obtained applying various
fixed point principles.

As applications, we show the existence of a common solution of the following system of
Urysohn integral equations by using our common fixed point results:

b
x(t) = / Ki(t,s,x(s)) ds + g(¢), 1.2)
b
x(t) = / Ky (t,5,%(s))ds + h(z), (1.3)
where t € [a,b] CR, x,g,h € C([a,b),R") and K1, K; : [a,b] x [a,b] x R" — R".

2 Preliminaries
In this section, we discuss some background of the complex-valued metric spaces of Azam
et al. in [14] and give some notions for our results. Also, some essential lemmas which are
useful for our results are given.

Let C be the set of complex numbers. For z1,z; € C, we will define a partial order 3 on
C as follows:

z2132z7 <= Re(z1) <Re(zy) and Im(z;) <Im(zy).
We note that z; 3 z; if one of the following holds:

(C1) Re(z1) = Re(zp) and Im(z;) = Im(z,);

(C2) Re(z1) < Re(zy) and Im(z;) = Im(zy);
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(C3) Re(z1) = Re(z) and Im(z;) < Im(zy);

(C4) Re(z1) < Re(zp) and Im(z;) < Im(zy).

It obvious that if a,b € R such that a < b, then az = bz for all z € C.

In particular, we write z; 33 25 if z1 # z> and one of (C2), (C3) and (C4) is satisfied, and
we write z; < z; if only (C4) is satisfied. The following are well known:

szlo'éZz = |z1| <|z2|,

z1 3 20, 2y <z3 = 21<2s3.

Definition 2.1 [14] Let X be a nonempty set. Suppose that the mapping d: X x X — C
satisfies the following conditions:

(d1) 0 3 d(x,y) forallx,y € X and d(x,y) = 0 if and only if x = y;

(d2) d(x,y) =d(y,x) for all x,y € X;

(d3) d(x,y) 3d(x,2) +d(z,y) forall x,y,z € X.
Then d is called a complex-valued metric on X and (X, d) is called a complex-valued metric
space.

Example 2.2 Let X = C. Define the mapping d: X x X — C by
d(z1,22) = |1 — %2 + |y1 = )2li,
where z; = x; + iy1 and z; = x5 + iy5. Then (X, d) is a complex-valued metric space.
Example 2.3 Let X = Xj U X;, where
X, ={ze C:Re(z) = 0,Im(z) = 0}
and
X, ={z € C:Re(z) = 0,Im(z) > 0}.
Define the mapping d: X x X — C by

Sl — x| +iloy —x2), 21,22 € X4,

i =92l + 2y —y2l, 21,22 € Xo,
d(z1,22) = 3

txi+y +ilx+ 3y)), 21 €X1,22 € X,
sty ik + 3n), 2 €Xo,zm €X,
where z; = x; + iy1 and z; = x5 + iy5. Then (X, d) is a complex-valued metric space.
Example 2.4 Let X = X; U X;, where
Xi={zeC:0 <Re(z) <1,Im(z) = 0}

and

X, ={z€C:Re(z) =0,0 <Im(z) <1}.
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Define the mapping d: X x X — C by

2wy — x| + v —xal,  z,z2 €X),

1 .
§|J’1—y2|+§|}’1—y2|, 21,22 € X3,

2

d(z1,22) = 1 1 1
o+ 502 +i(gx+ 300), 2 €X,22 €Xy,

1 2 1 1
N+ 3y +i(3n + %), 21 € Xy, 20 € X,
where z; = x; + iy1 and z; = x5 + iy5. Then (X, d) is a complex-valued metric space.

Definition 2.5 [14] Let (X, d) be a complex-valued metric space.
(1) A point x € X is called an interior point of a set A C X whenever there exists
0 < r € C such that

B(x,r) = {y eX:dxy) < r} CA.
(2) A point x € X is called a limit point of A whenever, forall 0 <r € C,
Bx,r)N (A -X) #0.

(3) A set A C X is called open whenever each element of A is an interior point of A.
(4) Aset A C X is called closed whenever each limit point of A belongs to A.
(5) A sub-basis for a Hausdorff topology t on X is the family

F= {B(x,r):xeXand0<r}.

Definition 2.6 [14] Let (X, d) be a complex-valued metric space, {x,} be a sequence in X
and letx € X.

(1) If, for any ¢ € C with 0 < ¢, there exists N € N such that, for all n > N, d(x,,,x) < ¢,
then {x,} is said to be convergent to a point x € X or {«x,} converges to a point x € X
and x is the limit point of {x,}. We denote this by lim,_, %, = x or x, = x as
n—> 0.

(2) If, for any ¢ € C with 0 < ¢, there exists N € N such that, for all n > N,

d(x, %p1m) < ¢, where m € N, then {x,} is called a Cauchy sequence in X.

(3) If every Cauchy sequence in X is convergent, then (X, d) is said to be a complete

complex-valued metric space.

Next, we give some lemmas which are an essential tool in the proof of main results.

Lemma 2.7 [14, see Definition 2.5] Let (X, d) be a complex-valued metric space and {x,}
be a sequence in X. Then {x,} converges to a point x € X if and only if |d(x,,x)| — 0 as
n— o0o.

Lemma 2.8 [14] Let (X, d) be a complex-valued metric space and {x,} be a sequence in X.
Then {x,} is a Cauchy sequence if and only if |d(x,, X,1m)| = 0 as n — oo, where m € N.

Definition 2.9 Let S and T be self-mappings of a nonempty set X.
(1) A pointx € X is called a fixed point of T if Tx = x.
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(2) A point x € X is called a coincidence point of S and T if Sx = Tx and the point w € X
such that w = Sx = Tx is called a point of coincidence of S and T.
(3) A point x € X is called a common fixed point of S and T if x = Sx = Tx.

Lemma 2.10 [17] Let X be a nonempty set and T : X — X be a function. Then there exists
a subset E C X such that T(E) = T(X) and T : E — X is one-to-one.

3 Common fixed points (I)

Throughout this paper, R denotes a set of real numbers, C, denotes aset {ce C:0 = ¢}
and I' denotes the class of all functions y : C, — [0,1) which satisfies the condition: for
any sequences {x,} in C,,

yx,)—>1 =[x,/ —0.

The following are examples of the function in I'":

(1) y1(x) = k, where k € [0,1);

(2) () = ﬁlxl’ where k € (0, 00).

Now, we introduce the concepts of a C-Cauchy sequence and C-complete in complex-
valued metric spaces.

Definition 3.1 Let (X, d) be a complex-valued metric space and {x,,} be a sequence in X.
(1) If, for any ¢ € C with 0 < ¢, there exists N € N such that, for all m,n > N,
d(x,, %) < ¢, then {x,} is called a C-Cauchy sequence in X.
(2) If every C-Cauchy sequence in X is convergent, then (X, d) is said to be a
C-complete complex-valued metric space.

Next, we prove our main results.

Theorem 3.2 Let (X,d) be a C-complete complex-valued metric space and S, T : X — X
be mappings. If there exist two mappings «, B : C, — [0,1) such that, for all x,y € X,
@) a@)+Bx) <L

(b) the mapping y : C, — [0,1) defined by y (x) := 1:(3’6&) belongs to T';

(©) d(Sx, Ty) 3 a(d(x,y))d(x,y) + LARIEHA0T),

Then S and T have a unique common fixed point in X.

Proof Let x( be an arbitrary point in X. We construct the sequence {x,} in X such that
Xone1 = Sxon, Konr2 = Txonn (3.1)

for all n > 0. For all n > 0, we get

d(x2n+1; x2n+2)
= d(Sx2nr Tx2n+1)

j (o4 (d(x2m x2n+1))d(x2m x2n+1)

+ :B(d(x2nr x2n+1))d(x2m szn)d(x2n+1’ Tx2n+1)
1+ d(x2n, X2n41)
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=o (d(xzm x2n+1))d(x2m Xoni1)

. B(Ad(X205 %2141)) A (K211 X2141)A (K241, X2 42)
1+ d(xon, %2141)

= (d(xZVU x2n+1)) d(x2m x2n+1)

d nryX2n+
+ ﬁ(d(me x2n+1))d(x2n+1; x2n+2) ( (xz az 1) )

1+ d(x2m x2n+1)

Ja (d(xzmx2n+1))d(x2mx2n+1) +B (d(mex2n+1))d(x2n+l:x2n+2)’
which implies that

a(d (%2, %2141))
1- lg(d(xbn x2n+1))

=Y (d(me x2n+1)) d(me x2n+1)'

d(x2n+1: x2n+2) j ( )d(xZanZVHI)

Similarly, for all n > 0, we get

d(x2n+2) x2n+3)
= d(X2043, %2n+2)
= d(Sx2n+2> Tx2n+1)

j o (d(x2n+2) x2n+1)) d(x2n+2’ x2n+1)

+ ﬁ(d(x2n+2: x2n+1))d(x2n+21 Sx2n+2)d(x2n+17 Tx2n+1)
1+ d(®2n42,%2041)

= a(d(x2n+2;x2n+l))d(x2n+2:x2n+1)

+ B(d(Kon12 %2041))A(KX2012 %2143) A(X21141, X2 42)
1+ d(x2n+lr x2n+2)

= (d(x2n+2’ x2n+1))d(x2n+2: x2n+1)

A(X2n41, X2ns
+:3(d(x2n+2,x2n+1))d(x2n+2»x2n+3)( il ) )

1+ d(x2n+1: x2n+2)

Ja (d(x2n+2: x2n+1)) d(Xani2,X2n41) + B (d(x2n+2: x2n+1))d(x2n+2: Xons3),
which implies that

(X242, %2141))
1- ﬂ(d(x2n+2¢ x2n+1))

=V (d(x2n+2’ X2n+1 )) A(X2142) X2141)-

d(x2n+21 x2n+3) ,_5 ( )d(x2n+2¢ x2n+1)

From (3.2) and (3.3), we have
d(xnr xn+1) f, Y (d(xn—h xn))d(xn—lr xn)
for all n € N. Therefore, we get

’d(xn:xn+l)| S y(d(xn—ljxn))|d(xn—1¢xn)‘ < |d(xn—1;xn)|

(3.2)

(3.3)

(3.4)
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for all n € N. This implies the sequence {|d(x,_1,%,)|}scn is monotone non-increasing and
bounded below. Therefore, |d(x,_1,x,)| — d for some d > 0.
Next, we claim that d = 0. Assume to the contrary that d > 0. In (3.4), taking n — 00, we

have
y(d(xn—lyxn)) — L

Since y € I', we get |d(x,-1,%,)| — 0, which is a contradiction. Therefore, we have d = 0,
that is,

|d (%1, %4)| = 0. (3.5)

Next, we prove that {x,} is a C-Cauchy sequence. According to (3.5), it is sufficient to
show that the subsequence {x,,} is a C-Cauchy sequence. On the contrary, assume that
{x2,} is not a C-Cauchy sequence. By Definition 3.1(1), there is ¢ € C with 0 < ¢ for which,
for all k € N, there exists n1; > n; > k such that

AKXy Xom,) 7 €. (3.6)

Further, corresponding to #;, we can choose m; in such a way that it is the smallest
integer with mi > ny > k satistying (3.6). Then we have

d(xan’mek) i ¢ (37)
and
AKXy s Xomy—2) < C. (3.8)

By (3.7), (3.8) and the notion of a complex-valued metric, we have

(4 j d(x2nk:x2mk)
,'5 d(xan7x2mk—2) + d(x2mk—2yx2mk—l) + d(x2mk—1:x2mk)

< ¢+ d(Xomy—2, Xamy1) + AKXy -1, Xamy)-
This implies
|| < Ao Xom)| < le| + |d@omp—2s %omy—1)| + [A2m1,%2m,)]| -
On taking limit as kK — oo, we have
’d(xznk,xzmk)‘ — cl. (3.9)
Further, we have

d(x2nk’x2mk) ,—5 d(xan»ernkJrl) + d(mek+11x2mk)

,5 d(x2nkyx2mk) + d(x2mk’x2mk+l) + d(mek+1¢x2mk):
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and then

|d(x2nk,x2mk)| = |d(x2nk,x2mk+1)| + |d(x2mk+hx2mk)|

= |d(x2nk;x2mk)| + \d(xzmk,xzmk+1)| + |d(x2mk+1:x2mk)|'
Passing to the limit when k — oo and using (3.5) and (3.9), we get
|d (X2 Koy 1) | = lel. (3.10)
Now, from the triangle inequality for a complex-valued metric d, we obtain that

d(xan’x2mk+l) =3 d(xan’xanH) + d(x2nk+lrx2mk+2) + d(x2mk+27x2mk+1)
= dXon > Komp+1) + A(Sx2 > T2y 1) + AKXy s Koy 41)

2 d(xznk,xznku) + a(d(x2nk»x2mk+l))d(x2nk:x2mk+1)

" ﬁ(d(xan: x2mk+l))d(x2nk; Sx2nk )d(mekH; TmekH)

+ d(Xomp s Xomy 1)
1+ d(x2nk1x2mk+l) K k

= d(x2ner2nk+l) + a(d(xan:x2mk+1))d(x2nk¢x2mk+l)

i ﬂ(d(xan ’ x2mk+l))d(x2nk) x2nk+1)d(x2mk+1) x2mk+2)

+d(x2m Xom +1)
1+ d(%omy > X2my +1) ke

which implies that

’d(xan: mek+1) |

= \d(xznk»xznku” + Ol(d(xznk,xzmkﬂ)) |d(x2nk:x2mk+1)|

d(x2nkx x2nk+1)d(x2mk+lx x2mk+2)
1+ d(®on» Xomy+1)

+ ,3 (d(xanr x2mk+1)) + ‘d(mekr x2mk+1) ’

= \d(xz;qk,xznku” + oz(d(szk,xgmk+1)) |d(x2nk:x2mk+1)|

d(x2n X2on +l)d(x2m +1>%2m +2)
‘ e T + ’d(xZVnk:mek+l)|

1+ d®on» Xomy+1)

a(d(xgnk, x2mk+l))
+
1- :3 (d(x2nk: mekH))
d(xan: x2nk+1)d(x2mk+1: x2mk+2)

+ + d(xz X2 1)
1+ d(x2nk1x2mk+l) | S |

= |d(x2nk»x2nk+l)| |d(x2nk,x2mk+l)i

=< |d(x2nk:x2nk+1)| + V(d(xan’mekﬂ)) |d(x2nk7x2mk+l)|

d(xan: x2nk+l)d(x2mk+1; x2mk+2)
+ + |d(x2mk:x2mk+1)|
1+ d(x2ner2mk+1)

= ‘d(xanernk+1)| + |d(x2nk:x2mk+l)‘

A2y s X2y +1) A X2y 415 X2y +2)
+ * : E E + |d(x2mk:x2mk+1)|'
1+ d(x2ner2mk+1)

Taking k — oo, we have

el = ((lim ¥ (dGrzn5m) )1l < I,

Page 8 of 14
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that is,
kli}.go 14 (d(xan)mekﬂ)) =L

Since y € I, we get |d(%2,, , X2m,41)| = 0, which contradicts 0 < c. Therefore, we can con-
clude that {x,} is a C-Cauchy sequence and hence {x,} is a C-Cauchy sequence. By the
completeness of X, there exists a point z € X such that x, — zas n — oo.

Next, we claim that Sz = z. If Sz # z, then d(z, Sz) > 0. By the notion of a complex-valued
metric d, we have

d(z,8z)
3 d(z, %0u42) + d(X2n42, S2)
= d(z,%2142) + A(TX241, S2)

= d(Z, x2n+2) + d(SZ’ Tx2n+1)
ﬂ(d(zr x2n+1))d(z, Sz)d(x2n+1’ Tx2n+1)
+
1+ d(z, %2141)

:3 (d(Z, x2n+l))d(Z: Sz)d(x2n+1r x2n+2)
1+ d(z: x2n+1)

2 d(xoni2,2) + Ol(d(Z, x2n+1))d(Z: X241)

= d(%ons2,2) + o (d(z,%2041) ) (2, X2p11) +

d(z, S2)d (X241, X2142)
1+ d(z¢ x2n+1)

j d(x2r1+2;z) + d(Z, x2n+1) + ’ (311)

which implies that

d(Z’ Sz)d(x2n+lx x2n+2)
1+ d(Z; x2n+1)

|d(z,52)| < |d(x2m2,2)| + | Az %2001)| +

Taking n — oo, we have |d(z,Sz)| = 0, which is a contradiction. Thus, we get Sz = z. It
follows similarly that 7z = z. Therefore, z = Sz = T%, that is, z is a common fixed point of §
and 7.

Finally, we show that z is a unique common fixed point of S and 7. Assume that there

exists another point Z such thatZ = Sz = TZ. Now, we have

d(z,z) = d(Sz, TZ)

S e(d@D)d ) + PEEDESIAE TD

1+d(z,2)

= a(d(z,2))d(z,2).

Hence |d(z,2)| < a(d(z,2))|d(z,Z)|. Since 0 < a(d(z,Z)) < 1, we get |d(z,Z)| = 0 and then
z =7Z. Therefore, z is a unique common fixed point of S and 7' This completes the proof.

Corollary 3.3 Let (X,d) be a C-complete complex-valued metric space and S, T : X — X
be mappings. If S and T satisfy

ud(x, Sx)d(y, Ty)

d(Sx, Ty) < rd(x,
(5%, T3) S Adlxy) + 1+d(xy)

(3.12)

Page 9 of 14
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forallx,y € X, where )\, u are nonnegative reals with A + i < 1, then S and T have a unique
common fixed point in X.

Proof We can prove this result by applying Theorem 3.2 by setting a(x) = A and B(x) = .
O

Corollary 3.4 Let (X,d) be a C-complete complex-valued metric space and T : X — X be
a mapping. If there exist two mappings o, p : C, — [0,1) such that, for all x,y € X,

(@) alx)+ Bx) <1;

(b) the mapping y : C, — [0,1) defined by y (x) := 1‘_)‘,(3’&) belongs to T;

(©) d(Tx, Ty) 3 (), y) + HARIRIID),

Then T has a unique fixed point in X.
Proof We can prove this result by applying Theorem 3.2 with S = T.. g

Corollary 3.5 Let (X,d) be a C-complete complex-valued metric space and T : X — X be
a mapping. If T satisfies

ud(x, Tx)d(y, Ty)

d(Tx, Ty) = Ad(x,
(Tx, Ty) S Ad(x,y) + T+ dy)

(3.13)

forall x,y € X, where A, u are nonnegative reals with . + < 1, then T has a unique fixed
pointin X.

Proof We can prove this result by applying Corollary 3.4 with o(x) =1 and B(x) = pn. O

Theorem 3.6 Let (X,d) be a C-complete complex-valued metric space and T : X — X. If
there exist two mappings o, 8 : C, — [0,1) such that, for all x,y € X,
@) alx)+px) <L;

(b) the mappingy : C, — [0,1) defined by y (x) := 1:(;&) belongs to T;

(© d(T"x, T"y) = a(d(x,y))d(x, y) + 24& ))‘fﬁgf;))d(y’ﬂy ) for some n € N.

Then T has a unique fixed point in X.
Proof From Corollary 3.4, we get T" has a unique fixed point z. Since
T(Tz) = T(T"z) = Tz,

we know that 77 is a fixed point of T”. Therefore, Tz = z by the uniqueness of a fixed point
of T". Therefore, z is also a fixed point of T Since the fixed point of T is also a fixed point
of T", the fixed point of T is also unique. d

Corollary 3.7 Let (X,d) be a C-complete complex-valued metric space and S, T : X — X
be mappings. If T satisfy

nd(x, T"x)d(y, T"y)

A(T"x, T"y) < rd(x,
(T"x, T"y) 3 Ad(x,y) + s dey)

(3.14)

forall x,y € X for some n € N, where A, . are nonnegative reals with A + u < 1, then T has
a unique fixed point in X.
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Proof We can prove this result by applying Theorem 3.6 with a(x) =% and S(x) = n. O

Remark 3.8 It is easy to see that Corollaries 3.3, 3.5 and 3.7 hold in complete complex-
valued metric spaces. Therefore, Corollaries 3.3, 3.5 and 3.7 become Theorem 4, Corol-

lary 5 and Corollary 6 of Azam et al. [14] in complete complex-valued metric spaces.

4 Common fixed points (ll)
In this section, we prove a common fixed point theorem for weakly compatible mappings
in C-complete complex-valued metric spaces.

Since Banach’s fixed point theorem, many authors have improved, extended and gener-
alized Banach’s fixed point theorem in several ways. Especially, in [18], Jungck generalized
Banach’s fixed point theorem by using the concept of commuting mappings as follows.

Theorem ] Let (X,d) be a complete metric space. Then a continuous mapping S : X — X
has a fixed point in X if and only if there exists a number « € (0,1) and a mapping T : X —
X such that T(X) C S(X), S and T are commuting (i.e., TSx = STx for all x in X),

d(Tx, Ty) < ad(Sx, Sy)

forall x,y € X. Further, S and T have a unique common fixed point in X (i.e., there exists
a unique point z in X such that Sz = Tz = z).

Note that if we put S = Ix (the identity mapping on X) in Theorem J, we have Banach’s
fixed point theorem.

Since Theorem J, in 1986, Jungck [18] introduced more generalized commuting map-
pings in metric spaces, called compatible mappings, which also are more general than
weakly commuting mappings (that is, the mappings S, T : X — X are said to be weakly
commuting if d(STx, TSx) < d(Sx, Tx) for all x € X) introduced by Sessa [19] as follows.

Definition 4.1 Let S and T be mappings from a metric space (X, d) into itself. The map-
pings S and T are said to be compatible if

lim d(STx,, TSx,) =0

n—00

whenever {x,} is a sequence in X such that lim,,_, ., Sx,, = lim,,_, o, Tx, = z for some z € X.

In general, commuting mappings are weakly commuting and weakly commuting map-
pings are compatible, but the converse is not necessarily true; some examples can be found
in [18, 20-22].

Also, some authors introduced some kind of generalizations of compatible mappings in
metric spaces and other spaces (see [21-24]) and they proved common fixed point theo-
rems using these kinds of compatible mappings in metric spaces and other spaces.

In [25], Jungck and Rhoades introduced the concept of weakly compatible mappings in
symmetric spaces (X, d) and proved some common fixed point theorems for these map-

pings in symmetric spaces as follows.
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Definition 4.2 Let S and T be mappings from a metric space (X, d) into itself. The map-
pings S and T are said to be weakly compatible if they commute at coincidence points of
Sand T.

In Djoudi and Nisse [26], we can find an example to show that there exist weakly com-
patible mappings which are not compatible mappings in metric spaces.
Now, we give the main result in this section.

Theorem 4.3 Let (X, d) be a complex-valued metric space and S, T : X — X be such that
T(X) C S(X) and S(X) is C-complete. If there exist two mappings o, : C, — [0,1) such
that, for all x,y € X,

(@) alx)+Bx) <L

(b) the mapping y : C, — [0,1) defined by y (x) := 1‘_11(3’&) belongs to T;

(©) d(Tx, Ty) 3 a(d(Sx, $y)d(Sx, Sy) + HAEITER AT,

Then S and T have a unique point of coincidence in X. Moreover, S and T have a unique

common fixed point in X if S and T are weakly compatible.

Proof Consider the mapping S : X — X. By Lemma 2.10, there exists £ € X such that
S(E) = S(X) and S : E — X is one-to-one.

Next, we define a mapping W : S(E) — S(E) by W(Sx) = Tx for all Sx € S(E). Therefore,
W is well defined since S is one-to-one on E. Since W o S = T, using (c), we get

d(W(Sx), W(Sy)) 3 er(d(Sx, 59))d(Sx, Sy)

. B(d(Sx, Sy))d(Sx, W(Sx))d(Sy, W(Sy))
1+d(Sx,Sy)

(4.1)

for all Sx, Sy € S(E). Since S(E) = S(X) is C-complete and (4.1) holds, we can apply Corol-
lary 3.4 with a mapping W. Therefore, there exists a unique fixed point z € S(X) such that
Wz = z. It follows from z € S(X) that z = Sz’ for some z’ € X. So, W(SZ') = §Z, that is,
T7 = 87'. Therefore, T and S have a unique point of coincidence.

Next, we show that S and T have a common fixed point. Now, we have z = T2’ = §7'.
Since S and T are weakly compatible, we get

Sz=8T7 =TSZ = Tz.

This implies Sz = TZ is a point of coincidence of S and 7. But z is a unique point of co-
incidence of S and T. Therefore, we conclude that z = Sz = Tz, which implies that z is a
common fixed point of S and 7.

Finally, we prove the uniqueness of a common fixed point of S and T. Assume that z
is another common fixed point of S and T. So, z = Sz = Tz, and then Z is also a point of
coincidence of S and T. However, we know that z is a unique point of coincidence of §
and T. Therefore, we get z = z, that is, z is a unique common fixed point of S and T This
completes the proof. d

5 Urysohn integral equations
In this section, we show that Theorem 3.2 can be applied to the existence of a common
solution of the system of the Urysohn integral equations.
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Theorem 5.1 Let X = C([a,b],R"), a >0, and d : X x X — C be defined by

ﬂmﬁ=£ﬁahuyy@ww¢T:;gm4¢

Counsider the Urysohn integral equations

b

x(t) = / K (t, s,x(s)) ds + g(t), (5.1)
b

x(t) = / K (t, s,x(s)) ds + h(t), (5.2)

where t € [a,b] C R, x,g,h € X and K1,K; : [a,b] x [a,b] x R" — R".
Suppose that Ky, K; are such that F,, G, € X for all x € X, where

b

Fi(2) =/ Ki(t,s,x(s)) ds,
b

Gx(t):/ Ky(t,s,%(s)) ds

forallte [a,b)].
If there exist two mappings o, B : C, — [0,1) such that for all x,y € X the following hold.:
(@) o)+ ) <L
(b) the mapping y : C, — [0,1) defined by y (x) :=
(©) IEut) = Gy(8) + g(t) — h(B) [ oov/1 + a2 @ < cr(maxseia by A, 7) (A, y)(2) +
B(maxe(q,p A, y)(2))B(x, y)(¢), where

Alx,y)(t) = ||x(t) y(t)“ V1t a2elten” g

IEE) + 80) = 2OllclGo(8) + 10) =y Ol fms st
1+d(x,y)

Bx,y)(t) =
then the system of integral equations (5.1) and (5.2) has a unique common solution.
Proof Define two mappings S, T : X — X by Sx = F, + g and Tx = G, + h. Then we have
d(Sx,19) = max [Eu(6) = Gy(t) + (0) = @) | VT v a2,
dl,5x) = max | E(t) +.¢(0) = x(0)| V1 aZer e

and
dly, 1) = max | Gy (1) + h(0) = y(©)| V1 + e,

We can show easily that for all x,y € X,

B(d(x,y))d(x, Sx)d(y, Ty)
1+d(x,y) '

d(Sx, Ty) 3 a(d(x,y))d(x,y) +
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Now, we can apply Theorem 3.2. Therefore, we get the Urysohn integral equations (5.1)
and (5.2) have a unique common solution. O
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