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COMMON FIXED POINTS OF GENERALIZED
CONTRACTIVE MAPPINGS

SUN YouNG CHO AND M1 JA YooO*

ABSTRACT. In this paper, we prove some common fixed point theorems
of compatible mappings under the generalized contractive type in metric
spaces and also give some examples to illustrate our main theorems. This
results extend the results of several authors.

1. Introduction

The most well-known fixed point theorem is so called Banach’s fized point
theorem, which asserts that, if a mapping 7 from a complete metric space (X, d)
into itself is contractive, then T has a unique fixed point in a complete metric
space, that is, there exists a unique z € X such that Tz = z. For an extension
of Banach’s fixed point theorem, Hardy-Rogers [2] and many others introduced
a more generalized contractive mappings.

In 1976, Jungck [3] initially proved a common fixed point theorem for com-
muting mappings, which generalizes the well-known Banach’s fixed point theo-
rem. This result has been generalized, extended and improved by many authors
([1], [4]-[6], [8]-[12]) in various ways.

On the other hand, in 1982, Sessa [11] introduced a generalization of com-
mutativity, which is called the weak commutativity, and proved some common
fixed point theorems for weakly commuting mappings which generalize the re-
sults of Das-Naik [1]. Recently, Jungck [4] introduced the concept of the more
generalized commutativity, so called compatibility, which is more general than
that of weak commutativity. The utility of compatibility in the context of fixed
point theory was initially demonstrated in extending a theorem of Park-Bae
[9]. By employing compatible mappings instead of commuting mappings and
using four mappings instead of three mappings, Jungck [5] extended the results
of Khan-Imdad [7], Singh-Singh [12] and, recently, also obtained an interesting
result related to his concept in his consecutive paper ([6]). Further, Kang-Kim
[7] proved some fixed point theorems for compatible mappings.

Received January 3, 2008; Accepted September 10, 2008.

2000 Mathematics Subject Classification. 47H10, 54H25.

Key words and phrases. common fixed points, compatible, generalized contractive
mappings.

* Corresponding author.

(©2009 The Youngnam Mathematical Society



2 SUN YOUNG CHO AND MI JA YOO

In this paper, we prove some common fixed point theorems of compatible
mappings under the generalized contractive type in metric spaces and also give
some examples to illustrate our main theorems. This results extend the results
of Kang-Kim [7] and several others.

2. Preliminaries
The following was introduced by Sessa [11].

Definition 2.1. Let A and B be mappings from a metric space (X,d) into
itself. Then A and B are said to be weakly commuting mappings on X if
d(ABz, BAx) < d(Az, Bz) for all z € X.

Clearly, commuting mappings (ABx = BAx for all z € X) are weakly
commuting, but the converse is not necessarily true as in the following example.

Example 2.1. Let X = [0,1] with the Euclidean metric d. Define the map-
pings A, B: X — X by

1
Axr = -z, Bzx= x
2 24z

for all z € X, respectively.
The following was given by Jungck [4].

Definition 2.2. Let A and B be mappings from a metric space (X, d) into it-
self. Then A and B are said to be compatible mappings on X if lim,, o, d(ABx,,
BAz,) = 0 whenever {z,} is a sequence in X such that lim, ., Az, =
lim,,_,~ Bx, =t for some point ¢t € X.

Obviously, weakly commuting mappings are compatible, but the converse is
not necessarily true as in the following example.

Example 2.2. Let X = (—o00,00) with the Euclidean metric d. Define the
mappings A, B: X — X by

Az =23, Bxr=2-2z
for all x € X, respectively.

We need the following lemmas for our main theorems, which were proved by
Jungck [3] and [4].

Lemma 2.1. Let {y,} be a sequence in a metric space (X,d) satisfying the
following condition

dYn+1,Yn) < h d(ym Yn—1)
form=1,2,---, where 0 < h < 1. Then {y,} is a Cauchy sequence in X.

Lemma 2.2. Let A and B be compatible mappings from a metric space (X, d)
into itself. Suppose that At = Bt for somet € X. Then d(ABt, BAt) = 0, that
is, ABt = BALt.
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Lemma 2.3. Let A and B be compatible mappings from a metric space (X, d)
into itself. Suppose that lim, .., Az, = lim, .. Bx, =t for somet € X.
Then lim,,_, ., BAx, = At if A is continuous.

3. Fixed point theorems

Now, let A, B, S and T be mappings from a metric space (X, d) into itself
satisfying the following conditions

(3.1) AX) cT(X), B(X)cCS(X),
d(Az, By) < pmax{d(Az, Sz),d(By, Ty),
(3.2) %[d(A% Ty) + d(By, Sz)],d(Sz, Ty)}
+ gmax {d(Axz, Ty),d(By, Sz)}

for all z,y € X, where 0 < p+2q < 1 (p and g are non-negative real numbers).
Then, for an arbitrary point xo in X, by (3.1), we choose a point 1 in X such
that Tx1 = Axo and, for this point x1, there exists a point x5 in X such that
Szo = Bz and so on. Continuing in this manner, we can define a sequence
{yn} in X such that, forn =0,1,2,---,

n =T n =A ny
(3'3) Y2n+1 Tan+1 X2
Yon = STop = Broy_1.

Lemma 3.1. Let A, B, S and T be mappings from a metric space (X,d) into
itself satisfying the conditions (3.1) and (3.2). Then the sequence {y,} defined
by (3.3) is a Cauchy sequence in X.

Proof. Let {y,} be the sequence in X defined by (3.3). From (3.2), we have
d(y2n+1a y2n+2)
= d(AfEQm B$2n+1)

(34) é pmax {d(y2nvy2n+1)7d(y2n+1vy2n+2)7

1

3 [d(y2ns Y2nt1) + d(Y2nt1, Yon+2)] d(Y2ns Y2nt1) }

+ gmax {d(Yon+1,Y2n+1), A(Y2n, Yon+1) + d(Y2nt1, Yant2) )

where 0 < h =p+2q < 1. In (3.4), if d(y2n+1,Y2n+2) > d(Y2n, Y2n+1) for some
positive integer n, then we have

d(y2n+1, Y2n+2) < hd(Y2ni1, Y2n+2),
which is a contradiction. Thus we have
d(y2n+1, Yan+2) < hd(Yan, yant1)-
Similarly, we obtain

d(y2na y2n+1) S hd(an—la y2n)~
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It follows from the above facts that

A(Yns Yn+1) < hd(yn-1,yn)
forn=1,2,---, where 0 < h < 1. By Lemma 2.1, {y,} is a Cauchy sequence
in X. ([

Now, we are ready to give our main theorems.

Theorem 3.1. Let A, B, S and T be mappings from a complete metric space
(X, d) into itself satisfying the conditions (3.1) and (3.2). Suppose that

(3.5) one of A, B, S and T is continuous,

(3.6) the pairs A, S and B,T are compatible on X.

Then A, B, S and T have a unique common fized point in X.

Proof. Let {y,} be the sequence in X defined by (3.3). By Lemma 3.1, {y,}
is a Cauchy sequence and hence it converges to some point z € X. Conse-
quently, the subsequences {Axs,}, {Szan}, {Bran_1} and {Txa,_1} of {yn}
also converge to the point z.

Now, suppose that S is continuous. Since A and S are compatible on X,
Lemma 2.3 gives that

S2%x9, — Sz, ASxs, — Sz asn — oc.
By (3.2), we obtain
d(ASzay,, Bra,—1)
< pmax{d(Aszn, S%22,),d(Bxon_1, TTon_1),
(3.7) %[d(ASazgn, Taan1) + d(Bwan—1, S%wam) ],
d(SQxQn,Txgn,l)}
+ gmax {d(Aszn, Txon—1),d(Bxoy_1, S2$27l)}.

Letting n — oo in (3.7), we have

d(Sz,2) < pmax{0,0, %[d(Sz, 2) +d(z,52)],d(S7 7))
+qd(Sz, z),
s0 that z = Sz. By (3.2), we also obtain
d(Az, Bxa,—1)

< pmax{d(Az, Sz),d(Bxan—1,TTan—1),
(3.8) 1
i[d(AZ7 Txgn_l) + d(Bﬂ?Qn_l, SZ) ], d(SZ, Tﬂign_l)}

+ ¢max {d(Az, Txon—1),d(Bxon_1, Sz)}



COMMON FIXED POINTS OF GENERALIZED CONTRACTIVE MAPPINGS 5

Letting n — oo in (3.8), we have

d(Az, z) < pmax {d(Az, Sz),0, %[d(Az, z) +d(z,52)],d(Sz,z2)}
+ qmax{d(Az,z),d(z,Sz)},

so that z = Az. Since A(X) C T(X), we have z € T(X) and hence there exists
a point u € X such that z = Az = Tu.

d(z, Bu) = d(Az, Bu)
< pmax {0, d(Bu, Tu), %[d(Az7 Tu) + d(Bu, 2)],d(Sz,Tu) }
+ gmax{d(Az, Tu),d(Bu, z)},

which implies that z = Bu. Since B and T are compatible on X and Tu =
Bu = z, we have d(T'Bu, BTu) = 0 by Lemma 2.2 and hence Tz = TBu =
BTu = Bz. Moreover, by (3.2), we obtain

d(z,Tz) = d(Az, Bz)
< pmax {0,d(Bz, T=), %[d(z, T2) + d(Bz, )], d(z,T=))
+ gmax{d(z,T%z),d(Bz,z)},

so that z = Tz. Therefore, z is a common fixed point of A, B, S and T.
Similarly, we can also complete the proof when T is continuous.

Next, suppose that A is continuous. Since A and S are compatible on X, it
follows from Lemma 2.3 that

A%xo, — Az, SAzs, — Az asn — oc.
By (3.2), we have

d(A?z9y,, Bra,_1)
< pmax {d(A2x2n, SAxay), d(Bran—1,TT2n-1),
1
(39) §[d(A2x2n7Tx2n—1) + d(BZ‘Qn_l,SAJ?Qn)],
d(Sszfr“ T.%‘Qn,l)}
+ g max {d(Angn, Txon—1),d(Bxan—_1, SAzgn)}.

Letting n — oo in (3.9), we obtain

d(Az,z) < pmaX{O, 0, %[d(Az, z) +d(z,Az)],d(Az, z)}
+qd(Az, 2),
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so that z = Az. Hence there exists a point v € X such that z = Az = Tv. By
(3.2), we also obtain

d(A%zs,, Bv)

< pmax{d(A®z2,, SAzs,),d(Bv, Tv),

(3.10) 1
3 [ d(Azxgn, Tv) + d(Bv, SAxa,) |, d(S Az, Tv)}

+ gmax {d(A%22,, Tv), d(Bv, SAzs,) }.

Letting n — oo in (3.10), we have

d(z, Bv) < pmax {0, d(Bv, Tv), %[d(A,&Tv) +d(Bv,2)],d(z,Tv)}
+ gmax{d(Az, Tv),d(Bv, z)},

which implies that z = Bv. Since B and T are compatible on X and Tv =
Bv = z, we have d(T'Bv, BTv) = 0 by Lemma 2.2 and hence Tz = TBv =
BTv = Bz. Moreover, by (3.2), we have

d(Axa,, B2)

< pmax{d(Axgn, Sxoy),d(Bz,Tz),
(3.11) 1
i[d(Amgn, Tz)+ d(Bz, Sxay) |, d(San, Tz)}
+ gmax {d(Axa,, Tz),d(Bz, Sza,) }-

Letting n — oo in (3.11), we obtain

d(z, Bz) < pmax{0,d(Bz,T%), %[d(z,Tz) +d(Bz,z)],d(2,Tz)}
+ gmax{d(z,Tz),d(Bz,z)},
)

so that z = Bz. Since B(X) C S(X), there exists a point w € X such that
z = Bz = Sw and so, by (3.2),

d(Aw, z) = d(Aw, Bz)
1
< pmax{d(Aw, Sw),0, i[d(Aw, z) +d(z, Sw)],d(Sw,z) }
+ qmax{d(Aw,z),d(z,Sw)},

so that Aw = z. Since A and S are compatible on X and Aw = Sw = z, we
have d(SAw, ASw) = 0 and hence Sz = SAw = ASw = Az. Therefore, z is
a common fixed point of A, B, S and T. Similarly, we can also complete the
proof when B is continuous.

It follows easily from (3.2) that z is is a unique common fixed point of A,
B, S and T. This completes the proof. O

The following corollary follows immediately from Theorem 3.1.
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Corollary 3.1. Let A, B, S and T be mappings from a complete metric space
(X, d) into itself satisfying the conditions (3.1), (3.5) and (3.6). Suppose that

d(Ax, By) < pmax{d(Ax, Sx),d(By, Ty),
% d(Az,Ty), % d(By, Sz),d(Sz,Ty)}
+ gmax {d(Az, Ty),d(By, Sz)}

for all x,y € X, where 0 < p+2q < 1. Then A, B, S and T have a unique
common fixed point in X.

Remark 3.1. If we put ¢ = 0 in Theorem 3.1 and Corollary 3.1, we obtain
the results of Kang-Kim [7] and several others.

4. Examples
In this section, we give some examples to illustrate our main theorems.

In the following example, we show the existence of a common fixed point of
mappings which are compatible, but not commuting.

Example 4.1. Let X = [1,00) with the Euclidean metric d. Define the
mappings A, B, S, T: X — X by
Az =2®, Brx=2? Szr=22%-1 Tex=22*-1
for all x € X, respectively. Now, A(X) = B(X) = S(X) = T(X) = X.
Moreover, since
d(Axy, Szp) = [22) + 1| |2 — 1| — 0
if and only if x,, — 1, we have

lim d(ASz,,SAz,) = lim 625(2® —1)>=0 asz, — 1.

n—oo

Thus A and S are compatible on X, but they are not commuting mappings at
x = 2. Likewise, since

d(Bay, Txy,) = (227 +1) |25 — 1] =0
if and only if x,, — 1, we have

lim d(BTz,,TBx,) = lim 2(z2 -1)>=0 asx, — 1.

n—oo n—oo

Furthermore, we obtain, where 0 < g < %,

1
d(Az, By) < 7 d(Sz,Ty)

IN

1
1 max{d(Az, Sz),d(By,Ty),

%[d(Am, Ty) + d(By, Sz)], d(Sz, Ty)}
+ gmax {d(Axz, Ty),d(By, Sz)}
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since
d(Sz, Ty) = 2|2® — y*| |2® + y?| > 4d(Az, By)
for all x,y € X. Therefore, we see that the hypotheses of Theorem 3.1 except

the commutativity of A and S are satisfied, but A, B, S and T have a unique
common fixed point in X.

Now, we show that the condition (3.1) is necessary in Theorem 3.1.

Example 4.2. Let X = [0,1] with the Euclidean metric d. Define the map-
pings A, B, S, T: X — X by

ifx =0,
Ax = Bx =0, Sz=

>

x if x #0,

for all x € X, respectively. Since each of the pairs A, S and B, T is commuta-
tive, they are compatible pairs. Furthermore, we have

i = éd(Ax, Sz) ifx=0,
d(Az, By) = 1 1
1%= gd(Ax,Sx) ifx#0
1
< 3 max{d(Aac, Sz),d(By, Ty),

%[d(Am, Ty) + d(By, Sz)], d(Sz, Ty)}
+ gmax {d(Axz, Ty),d(By, Sz)}

for all x,y € X, where 0 < ¢ < % All the hypotheses of Theorem 3.1 are

satisfied except the condition B(X) C S(X), but A does not have a fixed point
in X.

We give an example showing that Theorem 3.1 is no longer true if we do not
assume that any one of mappings is continuous.

Example 4.3. Let X = [0,1] with the Euclidean metric d. Define the map-
pings A, B, S, T: X — X by

if e =0, 1 ife=0,
St =Tz =

Ax = Bx = 1
x ifx #0, 37 ifx#0

0O | — 00| =

for all z € X, respectively. A(X) = (0,4] C (0,4] C S(X). Moreover, we
obtain

1 1 1

d(AS0,5A40) = - — — = —

= - A
8 16 16 d(50, 40)

ool

7
1=
<8
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and ASz = SAz = & x for all z € X — {0}. So, A and S are compatible on
X. Furthermore, we obtain

0 ifx=y=0,
1 1 1 1
f(l—x)<7(1—fx>=fd(5’y,5x) ife>y=0,
8 4 2 4

e Ay = L Lol L isa, sy) it 0
g( —y)<i(—§y)—1($a y) ify>z=0,
1 1
§|xfy|:1d(5x,5y) if x,y #0,

IN

i max{d(Aam Sz),d(Ay, Sy),

Sld(Az, 5y) + d(Ay, So)],d(Sz, Sy)
+ ¢ max {d(Ax, Sy), d(Ay, S:c)}

for all x,y € X, where 0 < ¢ < %. We find that all the hypotheses of Theorem
3.1 are satisfied except the continuity of A and S, but none of mappings A, S
has a fixed point in X.

We show that the condition of the compatibility is also necessary in Theorem
3.1.

Example 4.4. Let X = [0,00) with the Euclidean metric d. Define the
mappings A, B, S, T : X — X by
1 1
Ax:szngrl, Sx:szierl
for all x € X, respectively. Obviously, the sequences {Az,} and {Sxz,} con-
verge to 1 if and only if {z,} converges to 0, but

lim d(ASx,,SAz,) = % - é = g

Therefore, the pair A, S is not compatible. Furthermore, we have
1
d(Az, Ay) = 1 d(Sz, Sy)

< - max{d(Az, Sz),d(Ay, Sy),

| =

Sld(Az, 5y) + d(Ay, So)],d(Sz, Sy)
+ ¢ max {d(Ax, Sy), d(Ay, Sx)}

for all z,y € X, where 0 < q < %. We see that all the hypotheses of Theorem
3.1 are satisfied except the compatibility of the pair A, S, but A and S don’t
have a common fixed point in X.
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