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COINCIDENCES AND FIXED POINT THEOREMS FOR
MAPPINGS SATISFYING CONTRACTIVE CONDITION OF
INTEGRAL TYPE ON d-COMPLETE TOPOLOGICAL
SPACES

RAMESH CHANDRA DIMRI AND AMIT SINGH

ABSTRACT. In this paper, we prove some fixed point theorems for some
weaker forms of compatibility satisfying a contractive condition of integral
type on d-complete Hausdorff topological spaces. Our results extend and
generalize some well known previous results.

1. Introduction

Branciari [7] obtained a fixed point result for a single mapping satisfying
an analogue of Banach’s contraction principle for an integral type inequality.
The authors in [3], [4], [6], [22], [28] and [30] proved some fixed point theorems
involving more general contractive conditions. Recently ([10]) some fixed point
theorems have been proved in non-metric setting wherein the distance function
used need not satisfy triangle inequality. The purpose of this paper is to inves-
tigate some new result of fixed points in non-metric settings. In the sequel, we
use contractive condition of integral type on d-complete Hausdorff topological
spaces.

Sessa [24] generalized the concept of commuting mappings by calling self-
mappings A and S on metric space (X, d) a weakly commuting pair if and only
if d(ASz, SAx) < d(Ax,Sz) for all x € X. He and others proved some com-
mon fixed point theorems of weakly commuting mappings [24, 25, 26]. Then,
Jungck [13] introduced the concept of compatibility and he and others proved
some common fixed point theorems using this concept [13, 14, 15, 29]. Clearly,
commuting mappings are weakly commuting and weakly commuting mappings
are compatible. Examples in [13, 24] show that neither converse is true. Re-
cently, Jungck and Rhoades [15] defined the concept of weak compatibility.
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Definition 1.1 (see [15, 27]). Two maps A, S : X — X are said to be weakly
compatible if they commute at their coincidence points.

Again, it is obvious that compatible mappings are weakly compatible. Ex-
amples in [15, 27] show that the converse is not true. Many fixed point results
have been obtained for weakly compatible mappings (see [1], [9], [8], [15], [21],
27]).

Let (X,7) be a topological space and d : X x X — [0,00) be such that
d(z,y) = 0 if and only if # = y. Then X is said to be d-complete if Y > |
d(xp, Tpt1) < oo implies that the sequence {x,, } is convergent in X. A mapping
T : X — X is w-continuous at x if z,, — = implies Tz,, — Txz. For details on
d-complete topological spaces, we refer to Iseki [11] and Kasahara [17]-[19].

In the sequel, we shall use the following:

A symmetric function on a set X is a real valued d on X x X such that for
all z,y € X,

(i) d(z,y) > 0, and d(x,y) = 0 if and only if z =y,

(i) d(z,y) = d(y, x).

Let d be a symmetric function on a set X, and for any ¢ > 0 and any x € X,
let S(xz,¢e) = {y € X : d(x,y) < €}. From [10], we can define a topology 74 on
X by U € 74 if and only if for each x € U, some S(z,e) C U. A symmetric
function d is a semi-metric if for each 2 € X and for each € > 0, S(z,¢€) is
a neighborhood of z in the topology 74. A topological space X is said to be
symmetrizable (resp. semi-metrizable) if its topology is induced by a symmetric
function (resp. semi-metric) on X. The d-complete symmetrizable spaces form
an important class of d-complete topological spaces. Other examples of d-
complete topological spaces may be found in Hicks and Rhoades [10].

Hicks and Rhoades [10] proved the following theorem.

Theorem 1.1. Let (X, 7) be a Hausdorff d-complete topological space and f,
h be w-continuous self mappings on X satisfying

d(ha, hy) < G(M*(z,y))
for xz, y € X, where

M*(x,y) = max{d(fz, fy),d(fz, hx),d(fy, hy)}

and G is a real-valued function satisfying the following:
(a) 0 < G(y) <y for each y > 0; G(0) =0,
(b) g(y) = ﬁ(y) is a non-increasing function on (0,00),
(c) J" 9(y)dy < oo for each y1 >0,
(d) G(y) is non-decreasing.
Suppose also that
(i) f and h commute,
(ii) h(X) C f(X). Then f and h have a unique common fized point in X.
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2. Main results
Theorem 2.1. Let A, B, S and T be w-continuous self-maps defined on a
Hausdorff topological space (X, T) satisfying the following conditions:
(1) S(X) € B(X), T(X)< A(X),

d(Sz,Ty) M(z,y)
(2) / ()t < G ( / @(t)dt>

for all z, y € X, where ¢ : Rt — R is a Lebesque integrable mapping which
is summable on each compact subset of RT, non-negative and such that

(3) €< / p(t)dt for each € > 0,
0

(4) M(zﬂy) = max{d(Az,By),d(Sx,Ax),d(Ty,By)}
and G is a real valued function satisfying the condition (a)-(d). If one of A(X),
B(X), S(X) and T(X) is a d-complete topological subspace of X, then

(i) A and S have a coincidence point,

(ii) B and T have a coincidence point.

Further if the pairs {A, S} and {B,T} are weakly compatible, then

(iii) A, B, S and T have a unique common fized point.

Proof. Let x¢ be an arbitrary point of X. From (1), we can construct a sequence
{yn} in X as follows:
(5) Yont1 = STop = BTopt1,  Yont2 = T o1 = ATonyo

foralln =0, 1, 2,.... Define d,, = d(yn, Yn+1)- Suppose that da,, = 0 for some
n. Then ys, = yont1, i-e., Txop_1 = Az, = S, = Bra,t1, hence A and S
have a coincidence point.

Similarly if day,+1 = 0, then B and T have a coincidence point. Assume that
d, # 0 for each n. Then by (2)

d(Szan,TTon+1) M(x2n,22n+1)
(6) / ()t < G / oyt )
0 0

where
M (z2n, T2n+1)
= max{d(Azay, Bronyi1),d(Sx2n, Axan), d(Txont1, Brant1)}
= max{d(yzn, Yan+1), d(Y2n+1,Y2n), d(Y2n+2, Y2n+1)}
= max{dan, don+t1}-

Thus from (6), we have

d2n+1 max{d2n,d2n+1}
(7) / p(t)dt <G / p(t)dt | .
0 0
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Now, if day41 > day, for some n, then from (7), we have

dant1 dant1 dan41
/ ot)dt < G < / <p(t)dt> < / o(t)dt,
0 0 0

which is a contradiction. Thus da,, > dap41 for all n. Therefore from (7), we
have

don+1 dan
(8) /0 p(t)dt <G </0 <p(t)dt> .

Similarly

dan dan—1
(9) /0 p(t)dt <G </0 ga(t)dt) .

In general, we have for alln = 1, 2, 3,...,

dn dn—1
(10) /O o(t)dt < G </O gp(t)dt) .

Next we define a sequence {S,,} of real numbers by S,+1 = G(S,) with S; =
fod(SIU’Tml) @(t)dt > 0, then by (a), we have 0 < Sp,11 < S, < Sy for n > 1.
Moreover by (b) and (c), the series > -, S,, converges (see [1]). We shall

show that fod" o(t)dt < Spiq for n > 1.
From (10), we have

dy d(Szo,Tz1)
0 0

and the desired inequality is valid for n = 1. So, assume that it is true for some
n > 1. From (10) again, we have

dn dn—1
/ p(t)dt <G (/ go(t)dt) < G(Sp) = Spy1.-

Since Y7 | S, is convergent, it follows that >~ | fod" ©(t)dt is also convergent.
By (3), the series > | d,, converges.

Since A(X) is d-complete, then the sequence {y,} converges to some v in
X. Hence, the subsequences {Axa,}, {Bxan+1}, {Szon}, {Txon+1} of {yn}
also converge to wu.

Let Av = u for some v in X. Putting x = v and y = 22,1 in (2), we have

d(Sv,yan) d(Sv,Txan—1) M(v,z2n-1)
ay [ oty = [ pie<c|( [ p(t)dt )
0 0 0
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where
M(v,29n,—1) = max{d(Av, Bxa,_1),d(Sv, Av),d(Tx24—1, Bron_1)}
= maX{d(u Y2n—1), d(Sv, u), d(Y2n, Y2n—1)}-

Using above inequality in (11) and letting n — oo, we have

d(Sv,u) maz{d(u,u),d(Sv,u),d(u,u)}
/ / p(t)dt
0 0

which implies that

d(Sv,u) d(Sv,u) d(Sv,u)
[ ewase( [ ewa) < [ st
0 0 0

which is a contradiction. Hence from (3), Sv = u. This proves (i)

Since S(X) C B(X), Sv = u implies that u € B(X). Let w € B~'u. Then
Bw = u. By using the argument of previous part of the proof, it can be easily
verified that 7w = w. This proves (ii).

The same result holds if we assume that B(X) is d-complete instead of A(X).
Now, if T'(X) is d-complete, then by (1), u € T(X) C A(X).

Similarly, if S(X) is d-complete, then u € S(X) C B(X).

Thus (i) and (ii) are completely established.

To prove (iii), suppose that the pairs {4, S}, {B, T} are weakly compatible

and

(12) u=Sv=Av =Tw = Buw,

then

(13) Au = ASv = SAv = Su
Bu=BTw=TBw =Tu.

If Tw # w, then from (2), (12) and (13), we have

d(u,Tu) d(Sv,Tu) M(v,u)
/ olt)dt — / St)dt < G < / <p(t)dt>
0 0
d(u,Tu) d(u,Tu)
G < / <p(t)dt> < / ot)dt,
0 0

which is a contradiction. Hence T'u = u. Similarly Su = u. Then, evidently
from (13), u is a common fixed point of A, B, S and T

To prove its uniqueness, let us suppose that z is another common fixed point
of A,B,S and T. Then by (2), we have

d(u,z) d(Su,Tz) d(u,z)
/ o(t)dt = / o)t < G / o(t)dt
0 0 0

d(u,z)

which implies that [; @(t)dt = 0, which from (3) implies that d(u,z) =0
or u = z. Therefore u is a unique common fixed point of A, B, .S and T. (I
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Theorem 2.2. Let (X, 7) be a Hausdorff topological space, A, B, S and T be
w-continuous self-mappings of X satisfying the following conditions:

(14) S(X) € B(X), T(X)C AX),

d(Sz,Ty) M(z,y)
(15) /0 o(t)dt < G ( /0 <p(t)dt>

for all z, y € X, where ¢ and G are as in Theorem 2.1 and
(16)

M (z,y) = max {d(Aw, By),d(Sx, Az),d(Ty, By),

2

Suppose if one of A(X), B(X), S(X) and T(X) is a d-complete topological
subspace of X, then

(i) A and S have a coincidence point,

(ii) B and T have a coincidence point.

Further if the pairs {A,S} and {B,T} are weakly compatible, then

(iii) A, B, S and T have a unique common fized point.

d(Sx, By) + d(Ty, Ax) } .

Proof. Tt follows easily from the basis of Theorem 2.1. O

Theorem 2.3. Let (X, 7) be a Hausdorff topological space, A, B, S and T be
w-continuous self-maps defined on X satisfying the following conditions:

(17) S(X) € B(X), T(X)C A(X),
d(Sz,Ty) M(z,y)
(18) [ ewasa ([ v
0 0
for all z, y € X, where ¢ and G as in Theorem 2.1 and
(19) M(z,y) = max {d(Az, By), d(Sz, Az),d(Ty, By)} .

Suppose if one of A(X), B(X), S(X) and T(X) is a d-complete topological
subspace of X and the pairs {A, S} and {B,T} are semi-compatible, then A,
B, S and T have a unique common fized point.

Proof. 1t follows easily if we take semi-compatible mappings instead of weakly
compatible mappings in Theorem 2.1. O

Theorem 2.4. Let A, B, S and T be self-maps defined on a Hausdorff topo-
logical space (X, T) satisfying the following conditions:

(20) S(X) C B(X), T(X)C A(X),

d(Sz,Ty) M(z,y)
(21) /0 p(t)dt <G (/0 w(t)dt)
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for all z, y € X, where ¢ and G are as in Theorem 2.1 and
(22)

M (z,y) = max {d(Aw, By),d(Sx, Az),d(Ty, By),

d(Sz, By) + d(Ty, Ax) }
5 .

Suppose if one of A(X), B(X), S(X) and T(X) is a d-complete topological sub-
space of X and the pairs {A, S} and {B,T} are semi-compatible, then A, B, S
and T have a unique common fized point.

Proof. Tt follows easily if we take semi-compatible mappings instead of weakly
compatible mappings in Theorem 2.2. ([

Corollary 2.1. Let A and S be w-continuous self-maps defined on a Hausdorff
topological space (X, T) satisfying the following conditions:

(23) S(X) € A(X),

d(Sz,Sy) M (z,y)
(24) /0 St < G < /0 <p(t)dt>

for all z, y € X, where ¢ and G are as in Theorem 2.1 and
(25)

M(z,y) = max{d(Ax,Ay>,d<Ax,Sx>,d<Ay,Sy>,

d(Az, Sy) + d(Ay, Sx) }
5 .

Suppose if A(X) or S(X) is a d-complete topological subspace of X, then
(i) A and S have a coincidence point.
Further if the pair {A, S} is weakly compatible, then
(iii) A and S have a unique common fixed point.

Proof. It follows from Theorem 2.2 when B and T are identity maps on X. [I

Corollary 2.2. Let A and S be w-continuous self-maps defined on a Hausdorff
topological space (X, T) satisfying the following conditions:

(26) S(X) € A(X),

d(Sz,Sy) M(z,y)
(27) /0 St)dt < G < /0 <p(t)dt>

for all z, y € X, where ¢ and G are as in Theorem 2.1 and
(28)

M(z,y) = max{d(Ax,Ay>,d<Ax,Sx>,d<Ay,Sy>,

d(Az, Sy) + d(Ay, Sx) }
5 .

Suppose if A(X) or S(X) is a d-complete topological subspace of X and the pair
{A, S} is semi-compatible, then A and S have a unique common fized point.

Proof. 1t follows from Theorem 2.4 when B and T are identity maps on X. [
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Remark 2.1. If we take S = T and A = B in Theorem 2.1, then we have
Theorem 3 of [5].

Remark 2.2. If we take A = B = S = T in Theorem 2.1, then we have Theorem
2 of [5].

Remark 2.3. If we take ¢(t) = 1and A = B =S =T in Theorem 2.1, then we
have Theorem 1.1.

Remark 2.4. If we take a complete metric space instead of Hausdorff d-complete
topological space in Theorem 2.1, Theorem 2.2, Theorem 2.3 and Theorem 2.4,
we have the following theorems. Note that the condition (3) has been weakened
in these theorems, but we have changed the conditions of the function G.

We need the following lemma for the proofs of these theorems.

Lemma 2.1. Let G : RT — RT be a right continuous function such that
G(t) <t for every t > 0. Then lim,_, G™(t) = 0.

Theorem 2.5. Let A, B, S and T be self-maps defined on a metric space (X, d)
satisfying the following conditions:

(20) S(X) € B(X), T(X)C AX).

d(Sz,Ty) M(z,y)
(30) /0 p(t)dt < G (/0 <p(t)dt>

for all z, y € X, where ¢ : Rt — R is a Lebesgue integrable mapping which
is summable on each compact subset of RT, non-negative and such that

(31) / o(t)dt > 0 for each € > 0,
0

(32) M(x,y) = max{d(Az, By),d(Sx, Az),d(Ty, By)}
and G : RT — RT is a right continuous and nondecreasing function such that
G(0) =0 and G(t) <t for each t > 0. If one of A(X), B(X), S(X) and T(X)
is a complete subspace of X, then

(i) A and S have a coincidence point,

(ii) B and T have a coincidence point.

Further if the pairs {A, S} and {B,T} are weakly compatible, then

(iii) A, B, S and T have a unique common fized point.

Theorem 2.6. Let (X,d) be a metric space, A, B, S and T be self-mappings
of X satisfying the following conditions:

(33) S(X) € B(X), T(X)c< A(X),

d(Sz,Ty) M(z,y)
(34) /0 p(t)dt < G (/0 <p(t)dt>
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for all z, y € X, where ¢ and G are as in Theorem 2.5 and
(35)

M (z,y) = max {d(Aw, By),d(Sx, Az),d(Ty, By),

d(Sz, By) + d(Ty, Ax)
T
Suppose if one of A(X), B(X), S(X) and T(X) is a complete subspace of X,
then

(i) A and S have a coincidence point,

(ii) B and T have a coincidence point.

Further if the pairs {A,S} and {B,T} are weakly compatible, then

(iii) A, B, S and T have a unique common fized point.

Theorem 2.7. Let (X, d) be a metric space, A, B, S and T be self-maps defined
on X satisfying the following conditions:

(36) S(X) € B(X), T(X)C A(X),
d(Sz,Ty) M (z,y)
(37) / p(t)dt < G / p(t)dt
0 0
for all x, y € X, where ¢ and G are as in Theorem 2.5 and
(38) M (z,y) = max {d(Az, By), d(Sz, Az),d(T'y, By)} .

Suppose if one of A(X), B(X), S(X) and T(X) is a d-complete topological
subspace of X and the pairs {A, S} and {B,T} are semi-compatible, then A,
B, S and T have a unique common fized point.

Theorem 2.8. Let A, B, S and T be self-maps defined on a metric space (X, d)
satisfying the following conditions:

(39) S(X) € B(X), T(X)C A(X),

d(Sz,Ty) M(z,y)
(40) /0 S(t)dt < G < /0 <p(t)dt>

for all x, y € X, where ¢ and G are as in Theorem 2.5 and
(41)

M(z,y) = max {d(Az, By).d(Sa, Az),d(Ty, By).

2

Suppose if one of A(X), B(X), S(X) and T(X) is a complete subspace of X
and the pairs {A, S} and {B,T} are semi-compatible, then A, B, S and T have
a unique common fized point.

d(Sz, By) + d(Ty, Ax) } _

Remark 2.5. If we take S = T and A = B in Theorem 2.5, then we have
Theorem 5 of [5].

Remark 2.6. If we take A = B = S = T in Theorem 2.5, then we have Theorem
4 of [5].
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Remark 2.7. If we take ¢(t) = 1and A = B =S =T in Theorem 2.5, then we
have a generalisation of the main theorem of [12].

Remark 2.8. Theorem 2.6 is a generalisation of the main theorem of [7], The-
orem 2 of [22] and Theorem 2 of [30].

Remark 2.9. If p(t) = 1, then Theorem 2.6 of this paper reduces to Theorem
2.1 of [27].

Remark 2.10. If o(t) = 1 and G = ht, 0 < h < 1, then Theorem 2.6 of this
paper reduces to Corollary 3.1 of [8].

The following example shows that Theorem 2.6 is a generalisation of Corol-
lary 3.1 of [8].

Example 2.1. Let X = {1 : n € N} U{0} with Euclidean metric and A4, B, S
and T are self mappings on X defined by

1 . . 1 . .
1 _"Tl ?f n ?s odd, 1 _"Tl ?f n ?s even,
S(—) = ;) if nis even, T(—) = nt2 if nis Odd,
n . n .
0 if n = o0, 0 if n = o0,
1 1 1
A(=) = B(-)=-V NuU .
(5) = B(-)=='neNU{o}

Clearly S(X) C B(X),T(X) C A(X), A(X) is a complete subspace of X and
the pairs {A, S} and {B, T} are weakly compatible.

Now suppose that the contractive condition of Corollary 3.1 of [8] is satis-
fying, that is, there exists h € [0, 1) such that

(42) d(Sz,Ty) < hM(z,y)
for all x,y € X. Therefore, for x # y, we have
T
M < h < 1’
M(z,y)

but since sup,_, (d(Sz,Ty)/M(z,y)) = 1, one has a contradiction. Thus the
condition (42) is not satisfied.
Now we define ¢(t) = max{O,tt%[l —logt]} for t > 0, ¢(0) = 0. Then for

any 7 € (0,e),
/ o(t)dt =77 .
0

Thus we must show that there exists a right continuous function G : Rt —
R*,G(s) < s for s > 0, G(0) = 0 such that

(43) (d(Sz, Ty)) T&=T0 < G(M(x,y) ")

for all z,y € X. Now we claim that (43) is satisfying with G(s) = £, that is,

s
2

1 1
(M(z,y) ™)

(44) (d(Sz, Ty))T=T0 < .



COINCIDENCES AND FIXED POINT THEOREMS 719

for all x,y € X. Since the function 7 — T is nondecreasing, we show suffi-
ciently that

(45) (d(S, T9)) 77 < (d(a,y) )

instead of (44). Now using Example 4 of [30], we have (45), thus the condition
(43) is satisfied.
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