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Abstract
In this paper, we have studied unique common fixed point theorems for two
pairs of compatible mappings and compatible of type (A) in complete metric
space.
Keywords: Complete metric space, Continuous map, Compatible map-
ping, Compatible of type(A)

1 Introduction

The concept of common fixed point theorem for commuting mappings have
been investigated by Jungck[3,4, 5], who generalized the Banach’s fixed point
theorem [9]. The generalization of commutativity, given by Jungck[3], is called
compatible mapping. Sharma and Patidar [8], also generalized the notion of
commutativity and resulting mappings were called as compatible of type(A).
The object of this paper is to generalize some unique common fixed point
theorems given by Fisher[1], Pant[7], Cho & Murthy[11], Shukla & Tiwari[2],
Singh & Singh[10] and Lohani & Badshah[6] using compatible mapping and
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compatible of type (A) in complete metric space.

Definition 1.1. Two mappings A and B from a metric space (X, d) into itself
are called commuting on X if

d(ABxz,BAz) =0 for all z € X.
Definition 1.2. Two mappings A and B from a metric space (X, d) into itself
are called weakly commuting on X if

d(ABzx, BAzx) < d(Ax, Bx) for all xz € X.

Commuting mappings are weakly commuting but the converse is not necessar-
ily true. The following example illustrate this fact.

Example 1.1. Consider two mappings A and B : X — X, where X = [0, 1]
with Euclidean metric d, such that

2
Ax:—$, B:p:5—x
5— 3z 4

for all x € X. Then, for any x € X, we have

1 4
A(ABz, BAw) = | 0z _ 40z ‘_’50 770 + 6002
20 — 152 5 —3x 5(4 — 3z)(5 — 37)
2 —25 42
5—3x 4(5 — 3z)

Clearly, A and B are weakly commuting mappings on x whereas they are not
commuting mappings on X. Since, we have

ABz = < = BAx

for any non-zero z € X.
This shows that d(ABx, BAz) # 0 ie., A and B are not commuting.

Definition 1.3. Two mappings A and B from a metric space (X, d) into itself
are called compatible on X if

lim d(ABx,, BAz,) =0,

n—oo

whenever {z,} is a sequence in X such that

lim Az, = lim Bz, =x for some points x € X.
n—oo n—oo
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Clearly, if A and B are compatible mappings on X with d(Az, Bx) = 0 for
some r € X, then we have

d(ABxz, BAzx) = 0.

Note that weakly commuting mappings are compatible but the converse is not
necessarily true.

Definition 1.4. Two mappings A and B from a metric space (X, d) into itself
are called compatible of type (A) if
lim d(BAx,, AAx,) =0

n—oo

and
lim d(ABx,, BBz,) =0,

n—o0

whenever {z,} is sequence in X such that

lim Az, = lim Bz, = z for some z € X.
n—o0 n—oo

Lemma 1.1. [4] Let A and B be compatible mappings from a metric space
(X, d) into itself. Suppose that

lim Az, = lim Bz, =x for some x € X.
n—oo n—oo

If A continuous, then
lim BAx, = Ax.

n—oo

Now, Let A, B, C and D be mappings from a complete metric space (X,d)
into itself satisfying the following conditions

A(X)C D(X), B(X) CcC(X) (1)
and
{d(Cx, Ay)}™* + {d(Dy, By)}™*
{d(Cz, Az)}™ +{d(Dy, By)}™
forall x,y € X, where a, B > 0, a4+ <1 and m > 1.
Then, for an arbitrary point xo € X by equation (1), we choose a point x1 € X
such that Dx, = Axg and for this point x1, there exist a point ro € X such

that Cxy = Bxy and so on. Proceeding in the similar fashion, we can define a
sequence {y,} in X, such that

d(Az, By) < | +Bd(Cz, Dy)  (2)

Yont1 = Dxopy1 = Ao, and yon, = Cxap = Brop_y. (3)

Lemma 1.2. [5] Let A, B, C' and D be mappings from a complete metric
space (X, d) into itself satisfying the equations (1) and (2). Then the sequence
{yn} defined by equation (3) is a cauchy sequence in X.
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2 Main Results

Theorem 2.1. Let A, B, C' and D be mappings from a complete metric space
(X, d) into itself satisfying the equations (1) and (2). If any one of the A, B,
C' and D is continuous and pairs A, C' and B, D are compatible on X. Then
A, B, C' and D have a unique common fixed point in X.

Proof: Let {y,} be a sequence in X defined by the equation (3), then by
Lemma(1.2), sequence {y, } is cauchy sequence. Since (X, d) is complete metric
space so sequence {y,} is converges to some point u € X. Consequently, the
subsequence {Axg,}, {Cxa,}, {Bra,—1} and {Dxy,.1} of the sequence {y,}
also converges to u.

We assume that C' is continuous. Since A and C are compatible mappings on
X, then Lemma(1.1) gives that

C?zy, and ACzy, — Cu as n — oo. (4)
Consider,
d(ACLUQn, BIgn_l)

[{d(02x2n, ACﬂfzn)}mH + {d(D$2n—1, B$2n—1)}m+1
N {d(C?%x9,, ACx9,)}™ + {d(Dxgy—1, Bron_1) ™

< Oé[d(CQI'zm ACCUQn) + d(Dxanb Bx2n71)} + ﬁd(cz@m Dx2nfl)-

| +Bd(CPaan, D)

Using equation (4) and subsequences of sequence {y,} converging to u, in
above equation, we have

d(Cu,u) < afd(Cu, Cu) + d(u, v)| + Bd(Cu, v)

= (1-7p)d(Cu,u) <0
= d(Cu,u) =0as § # 1.

Therefore
Cu = u. (5)

Again, consider

d(AU,, BZL‘Qn_l)

< o [{d(cu, AU)}m+1 +{d(Dzy,_1, szn,l)}m"'l
< {d(Cu, Au)}™ + {d(Dxgy_1, Broy_1)}™

< oz[d(C’u, Au) + d(Dxoy,_1, Bl'gn_lﬂ + fd(Cu, Dxg,_1).

Using equations (4) & (5) and subsequences of sequence {y,} converging to u,
in above equation, we have

] + ﬁd(Cu, D.Z'anl)

d(Au,u) < afd(u, Au) + d(u, v)] + Bd(u, )
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= (1—a)d(Au,u) <0
= d(Au,u) =0 as a # 1.

We have
Au = u.

Since A(X) C D(X), therefore there exist a point v in X, such that
u= Au = Dv.

Now, consider
d(u, Bv) = d(Au, Bv)
< [{d(C’u, Au)} 4+ {d(Dv, Bv)}m™H!
- {d(Cu, Av)}™ + {d(Dwv, Bv)}™

< a[d(Cu, Au) + d(Dw, Bv)} + pd(Cu, Dv),

| + ga(cu, Do)

using equations (5), (6), & (7), we get
d(u, Bv) < « [d(u, u) + d(u, Bfu)] + fd(u, )

= (1 —-a)d(u,Bv) <0
= d(u,Bv) =0as a # 1.

Thus, we have
Bv = u.

From equations (5), (6), (7) & (8), we have
Dv = Bv=u= Au = Cu.
Since B and D are compatible on X, then
d(BDv,DBv) =0
= DBv = BDw.
From equations (9) & (10), we get
Du = DBv = BDv = Bu.
Moreover, by the equation (2), we have
d(u, Du) = d(Au, Bu)

N {d(Cu, Au)}™ 1 + {d(Du, Bu)}™*!
- {d(Cu, Au)}™ + {d(Du, Bu)}™

] + Bd(Cu, Du)

17

(10)

(11)
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< afd(Cu, Au) + d(Du, Bu)| + Bd(Cu, Du)
= Bd(Cu, Du)
= Bd(u, Du)
= (1—p)d(u,Du) <0
= d(u,Du) =0 as [ # 1.

We have
Du = u. (12)

Since Bu = Du, so Bu = u. Thus u is a common fixed point of A, B, C' and
D.

Similarly, we can prove the result, when any one of the A, B and D is contin-
uous.This prove the result.

We shall prove the uniqueness of the common fixed point for this.
Suppose u and z be two common fixed points of A, B, C' and D. Then from
equation (2), we have

d(u, z) = d(Au, Bz)
< [{d(C’u, Au)}mtt +{d(Dz, Bz)}m™ !
- {d(Cu, Au)}™ +{d(Dz, Bz)}™

< a[d(Cu, Au) + d(Dz, Bz)| + Bd(Cu, D=)
= afd(u,u) + d(z, z)] + Bd(u, z)
= (1-0)d(u,2z) <0
= d(u,z)=0as f#1.

} + Bd(Cu, Dz)

Finally, we get
u=z.

Thus, u is unique common fixed point of A, B, C' and D.

Theorem 2.2. Let A, B, C' and D be mappings from a complete metric space
(X, d) into itself. Suppose that any one of A, B, C' and D is continuous and
for some positive integer p, ¢, r and ¢, which satisfy the following conditions

AP(X) € DY(X) and BY(X) C C"(X) (13)

and

{d(C7a, AP2)}™H 4 {d(Dly, Bry)}m

WA, BYy) < o| = G, Ava)yr 1 {d(Diy, By}

+Bd(C"x, D'y)
(14)
forall z,y € X, where a, 5 > 0, a+ [ <1 andm > 1.

Suppose that A & C and B € D are compatible on X. Then A, B, C and D
have a unique common fixed point in X.
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Proof: Proof of this theorem is similar to the proof of theorem (2.1).

Theorem 2.3. Let A, B, C' and D be four mappings of a complete metric
space X into itself satisfying

d(Dy, By)d(Cx, Dy) ]

<
d(Az, By) < o [d(Dx, Az) + d(By, Dx)

d(Az, Dz)d(Ay, Cy)
+5 [d(Dm Az) + d(By, DI)] ,
d(Dz, Bx)d(By, Dy) (15)
+7[ d(Dz, Az) +d(By,Dx)}
(Cx, Dy)d(Ax, By)
* 6[d Dz, Azx) + d(By,Dx)]
and
A(X) C D(X) and B(X) C C(X) (16)

for all z,y € X and «, (3, v, 0 > 0 such that a+ 8+~ +d < 1. Suppose that
the pairs A, C' and B, D are compatible of type (A) and any one of the A,
B, C and D is continuous. Then A, B, C' and D have a unique coomon fixed
point in X.

Proof: We are given that (X, d) is a complete metric space, so every cauchy
sequence in X is converges in X. We define a sequence {y,,} in X, such that

A$2n+1 = Y2n+2, Dxsy, = Yo, and Bx2n+1 = Y2n+2, Cxgpy = Yon (17)

form=1,2,3,------ :
By putting z = xg, and y = x9,41 in (15), we have

d(Dxopi1, Bropy1)d(Caay, D$2n+1)]
d(Dxay, Axsy,) + d(Bxopy1, Dxay,)
(Awan, Dron)d(Amgp i1, Coni1)
6[d (Dxoy, Axap) + d(BxQnH,Dan)]
[d Dzxa,,, Bxoy,)d(Brony1, Dm2n+1)]

d(Axgy,, Broyi1) < Oé[

_l_

(18)

+
-2

d(Dxon, Aoyn) + d(Bxani1, Dxay)
d(Cxap, Drony1)d( Ay, Broni1) }
d(DIQna Am?n + d(BI%L—I—Ia DxQn)

J

+
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Using equation (17) in equation (18), we have

d(Y2n+1, Y2n+2)d(Yan, Y2nt1) }

d(Y2n, Yan+1) + d(Y2nt2, Y2n)

i [ d(Y2n+1, Y20)d(Y2nt2, Y2nt1) }
d(Y2n, Y2nt1) + d(Y2nt2; Yon)

d(Yon+1, Yont2) < o [

19
[ d(Yon; Yont+1)d(Y2nt2; Yont1) ] (19)
d(y2n7 y2n+1) + (y2n+27 y2n>
i 5[ d(Y2n, Yon+1)d(Yont1, Z/2n+2)}
d(Yan; Yont1) + d(Yant2, Yon)
Using triangle inequality in (19), we have
d(y2n+1 y2n+2) (a + B + Y + 5)d(y2n7 y2n+1)' (20)
Taking h = a+ 6+ v + 0. Then we have
d(Yant1, Yont2) < B d(Yon, Yont1). (21)
Similarly, by putting * = x5,_1 and y = x4, in (15), we have
d(Yon, Yont1) < I d(Yon—1, Yon)- (22)
Similarly, continue this process, we have
d(Yan, Y2ns1) < B2 d(yo, 1) (23)

For k > n and using triangle inequality, we have

k

d(ynayn+k) S Z d(yn+i—17yn+i)
1=1

k
< Z prtit A(Yns+i-1, Ynti)
i=1
B h™(1 — hk)
- 1—h
— 0 asn — oo.

d(yo, yl)

Hence {y,} is a cauchy sequence in X, so by completeness of X, sequence {y, }
is converges to a point z in X. Also, every subsequences of sequence {y,} are
also converges to z in X. Then we have

Ao, = Doy — 2z and Bxy, = Cropy1 — 2 as n — 00. (24)
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Since A and C' are compatible of type (A) and suppose A is continuous map
on X. Then, we have

AAxs, — Az and CAxy, — Az as n — oo. (25)

Now, putting z = Axy, and y = z9,,1 in (15). We have

d(Dzop41, Brony1)d(C Axeyn, Doyiq) ]

d(DA.CEgn, AAQZQn) + d(Bx2n+1, DA.’EQn)

d(AAJIQn, DA$2n)d(AJI2n+1, C$2n+1) ]

(DAzs,, AAzsy,) + d(Bxoyi1, DAx,)

|: d(DA[EQn, BAZL‘Qn)d(Bl'Qn+1, D172n+1) i|
d(DAIQn, AAIQn) + d(Bl’Qn_H, DA(L’Qn)

|: d(OAZL‘Qn,D$2n+1)d(AA.CE2n,BZC2n+1) ]
d(DA.I'Qn, AA,Ign) + d(B$2n+1, DAJ?gn) .

d(AAxo,, Brony1) < Oé[

B
* [d )

+7

+9

Using equation (24) and (25) in equation (26), we have
d(Az,z) < 0d(Az, z)

= (1-0)d(Az,2) <0
= d(Az,z)=0as § # 1.

Which gives
Az = 2. (27)

Similarly, by putting x = Czy, and y = x9,,;1 in (15). Suppose A and C' are
compatible of type(A) and C' is continuous on X. Then, we have

Cz =z (28)

Similarly, we can show that, if B, D are compatible of type (A) and either B
or D are continuous. Then
Bz=Dz=z. (29)

Therefore, from equation (27), (28) & (29), we have

Az=Bz=Cz=Dz=z. (30)

Thus z is a common fixed point of A, B, C and D.
We shall prove the uniqueness of the common fixed point for this. Suppose
z and w be two common fixed points of A, B, C' and D.

ie. Az=Bz=Cz=Dz=2zand Aw=Bw=Cw=Dw=w. (31)
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Then from (15), we have

d(Dw, Bw)d(Cz, Dw)
d(Dz, Az) + d(Bw, Dz)
d(Az, Dz)d(Aw, Cw)

d(Dz,Az) + d(Bw, Dz)

)
Fe 2]
[ d(Dz, Bz)d(Dw, Bw) ]
P 2]

d(z,w) = d(Az, Bw) §a[

+

p

+

7dDzAz + d(Bw, D=z)

d(Cz, Dw)d(Az, Bw)

5dDzAz + d(Bw, D=z)

_|_

Using equation (30), we have
d(z,w) < 0 d(z,w)
= (1-6)d(z,w) <0

= d(z,w) =0 as n — 0.

Thus, we have

z = w. (33)
Thus A, B, C' and D have the unique common fixed point in X.
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