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Abstract. In this paper a general fixed point theorem for map-
pings satisfying an implicit relation is proved for two weakly compat-
ible mappings which have property (E.A), which generalize the main
results from [1] and [14]. As a consequence a fixed point theorem for
mappings satisfying an implicit contractive condition of integral type
is obtained.

1. INTRODUCTION

Let (X,d) be a metric space and S, T" be two self mappings of X.
In [5], Jungck defined S and 7" to be compatible if
lim d(STz,,TSxz,) =0,

n—oo

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

lim Sz, = lim Tz, =t
n—oo n—oo

for some t € X.

The concept was frequently used to prove existence theorems in
common fixed point theory. The study of common fixed points of
noncompatible mappings is also interesting.

The work along this lines has been initiated by Pant in [9], [10],
[11]. Recently, Aamri and Moutawakil [1] introduced a generalization
of the concept on noncompatible mappings.
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Definition 1.1 ([1]). Let S and T" be two self mappings of a metric
space (X,d). We say that S and T satisfy property (E.A) if there
exists a sequence {z,,} in X such that lim,, ., Tx, = lim,_,, Sz, =t
for some t € X.

Remark 1.2. [t is clear that two self mappings S and T' of a metric
space (X, d) will be noncompatible if there exists at least one sequence
{z,} such that lim, . Sz, = lim, o Tx, = t, for some t € X but
limy, oo d(STx,, T'Sxy,) is either nonzero or non existent. Therefore,
two compatible self mappings of a metric space (X,d) satisfy property
(E.A).

Definition 1.3 ([6]). Two self mappings S and 7" of a metric space
(X, d) is said to be weakly compatible if Su = Tw implies STu = T Su.

Two compatible mappings are weakly compatible and the converse
is not true.

Remark 1.4. [t is known that the notions of weakly compatible map-
pings and mappings satisfying property (E.A) are independent.

Definition 1.5. Let S and T be two self mappings of a metric space
(X,d). A point z € X is said to be a coincidence point of S and
T if Sz = Tx and the point w = Sx = Tz is said to be a point of
coincidence of S and T'.

Lemma 1.6 ([2]). Let f and g be weakly compatible self mappings
on a nonempty set X. If f and g have a unique point of coincidence
w = fx = gx, then w is the unique common fixed point of f and g.

The following theorem is proved in [1].

Theorem 1.7. Let S and T be weakly compatible mappings of a metric
space (X, d) such that
(i) T and S satisfy property (E.A);

(i)

d(Tx,Ty) < max{d(Sxz,Sy),=[d(Sz,Tx)+ d(Sy,Ty)],

N | —

1
é[d(S:U, Ty)+d

forallx #y e X;

(1i1) T(X) C S(X).

If S(X) or T(X) is a complete subspace of X, then T and S have
a unique common fixed point.

—~

Sy, Tx)]}
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In [12], [13], the study of fixed points for mappings satisfying implicit
relations was introduced. In [14] a generalization of Theorem 1.7 for
mappings satisfying a implicit relation is proved.

In [7] Khan et al. introduced the notion of altering distance.

Definition 1.8. An altering distance is a function ¢ : [0, 00) — [0, 00)
satisfying:
(¢) : 1) is increasing and continuous,

(¢2) : ¥ (t) = 0 if and only if £ = 0.

Fixed point problems involving an altering distance have been stud-
ied in [7], [18], [19], [16] and in other papers.

In this paper a generalization of Theorem 2 [14], using altering dis-
tance is obtained.

In the last part of this paper, a theorem for mappings satisfying a
contractive condition of integral type and property (F.A) is reduced,
using the method by [16], and the study of fixed points with altering
distance.

2. IMPLICIT RELATIONS

Let §6 be the set of all real continuous functions F (¢4, ..., ts) : RS —
R satisfying the following conditions:

(Fy) : F(t,0,0,t,t,0) > 0, Vt > 0,
(Fy) : F(t,t,0,0,t,t) >0, Vt > 0.
Example 2.1.

F(tl,...,tﬁ) :tl —atg—bt3—0t4—dt5—6t6,
where a,b,c,d,e >0, c+d<1anda+d+e <1.

(Fy) : F(t,0,0,t,¢,0) =t(1 — (c+d)) >0, ¥Vt > 0.
(Fy):  F(t,t,0,0,t,t) = t(1 — (a+d +¢€)) >0, Vt > 0.
Example 2.2.

F(tl, ...,tﬁ) =11 — hmax{tg,tg, ...,t6},
where h € (0,1).

(Fy) : F(t,0,0,t,¢t,0) =t(1 —h) >0, Vt > 0.
(Fy) : F(t,t,0,0,t,t) =t(1—h) >0, Vt > 0.
Example 2.3.

t t
F(tla "'7t6) - tl — hmax {t27t37t47 5_;_ 6} )

where h € (0,1).
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(Fy) : F(t,0,0,t,¢t,0) =t(1 —h) >0, Vt > 0.
(Fy) : F(t,t,0,0,t,t) =t(1—h) >0, Vt > 0.
Example 2.4.

ts+1ty t5+t
F(tl,...,tﬁ)—tl—k‘max{tg, 3;_ 4, 5;— 6},

where k € (0, 1].

(F):  F(t,0,0,t,t,0) = (—§)>0 vt > 0.
(Fp):  F(t,t,0,0,t,t) =t(1—k) >0, Vt > 0.
Example 2.5.

F(tq,...,ts) = t; — aty — bmax{ts, t4,} — cmax{ts, t5, s},
where a, b, c>0,b+c<1anda+c<1.

(Fy) : F(t,0,0,t,t,0) =t(1 —(b+¢)) >0, Vt > 0.
(Fy) : F(t,t,0,0,t,t) = t(1 — (a4 ¢)) >0, Vt > 0.
Example 2.6.
ts + t6

F(ty, ... tg) =t —aty — b————
(17 76) 1 aty 1+t3+t47

where a, b >0, a,b >0 and a4+ 2b < 1.

(Fy) : F(t,0,0,t,t,0) =t (1 - &) >0, vt > 0.
(Fy) : F(t,t,0,0,t,¢) = t(1 — (a +2b)) > 0, Vt > 0.
Example 2.7.

F(tl, ...,t6> = tl — atg — b\/ t3t4 — C\/ t5t6,

where a,b,c >0 and a +c < 1.

(F\):  F(t,0,0,t,t,0) =t >0, Yt > 0.
(Fy):  F(t,£,0,0,t,t) = t(1 — (a+¢)) >0, V¢ > 0.
Example 2.8.

F(tl, --~7t6) = tl — hmaX{tg,tg,t4} — (1 — h)(at5 + bt6),
where 0 <h <1,a,b>0anda+b< 1.

(F)):  F(t,0,0,¢,t,0) = t(1 — h)(1 —a) > 0, V¢ > 0.
(Fy) : F(t,1,0,0,t,t) = t(1 — h)(1 — (a4 b)) >0, Vt > 0.
Example 2.9.

F(ty,...,te) = 3 — atty — btitsty — ctits — dists,
where a,b,c,d >0 and a+c+d < 1.
(Fy) : F(t,0,0,t,t,0) =3 >0, Vt > 0.
(Fy) : F(t,1,0,0,t,t) = t3(1 — (a +c+d)) >0, Vt > 0.
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Example 2.10.

F(tlv EEE) tﬁ) =t — maX{t27 t37 V t3t57 V t4t6}7
where a,b,c >0 and a+c < 1.
(Fy) : F(t,0,0,t,¢t,0) =t >0, Vvt > 0.
(Fy) : F(t,t,0,0,t,t) =0, Vt > 0.

The following results which generalize Theorem 1.7 are proved in
[14].

Theorem 2.11. Let T and S be two weakly compatible self mappings
of a metric space (X,d) such that
(i) T and S satisfy property (E.A);
(i)
F(d(Tx,Ty),d(Sz, Sy),d(Sz, Tx),
d(Sy,Ty),d(Sz,Ty),d(Sy, Tx)} <0
for each z,y € X and F € §,
(111) T(X)C S(X).
If S(X) or T(X) is a complete subspace of X, then T and S have
a unique common fixed point.

Corollary 2.12 ([14)). Let T and S be noncompatible weakly compat-
ible mappings such that the inequality (ii) of Theorem 2.11 is satisfied
for each x,y € X and T(X) C S(X).

If S(X) or T(X) is a complete subspace of X, then T and S have
a unique common fixed point.

3. FIXED POINT THEOREMS

Theorem 3.1. Let S and T be two self mappings of the metric space
(X, d) satisfying the following inequality
sy FOWTTy), 0(d(Ss, Sy). v(d(Sa,Tx)),
U(d(Sy, Ty)),(d(Sz, Ty)), ¥ (d(Sy, Tz))) < 0
for all x # y € X, where ¥ is an altering distance and F satisfy

property (Fy). If S and T have a point of coincidence, then this point
18 the unique point of coincidence.

Proof. Suppose that T" and S have two distinct points of coincidence
u="Ta=Sa and v =Tb= Sb. By (3.1) we have successively

F(¢(d(Ta, Tb)),v(d(Sa, Sb)), ¥ (d(Sa, Ta)),
D(d(Sh, TH)), ¥(d(Sa, Th)), 1(d(Sh, Ta))) < 0 °

F((d(v,v)), ¢ (d(u,v)),0,0,9(d(u, v)),(d(u, v))) <0,
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a contradiction. Hence u = v. O

Theorem 3.2. Let S and T be two weakly compatible self mappings
of the metric space (X,d) such that:

(1) S and T satisfy property (E.A);

(2) S and T satisfy inequality (3.1), for all x # y € X, where
¥ is an altering distance and F € §¢.

(3) T(X) CS(X).

If S(X) or T(X) is a complete subspace of X, then T and S have
a unique common fixed point.

Proof. Since T' and S satisfy property (E.A), there exists in X a se-
quence {z,} satisfying

lim Tz, = lim Sz, =t,
n—oo n—o0

for some t € X.
Suppose that S(X) is complete. Then lim,,_,, Sz, = Sa for some
a € X. Also, lim, o, Tz, = Sa. By (3.1) we have for z = z, and
=a

F((d(Txy, Ta)), (d(Szn, Sa)), P(d(Szn, Txn)),
Y(d(Sa,Ta)),y(d(Sz,, Ta)),(d(Sa,Tx,))) < 0.

Letting n tend to infinity we obtain
F(¢(d(Sa,Ta)),0,0,¢(d(Sa, Ta)),(d(Sa, Ta)),0) <0,

a contradiction of (Fy) if ¢¥(d(Sa,Ta)) > 0, hence ¢ (d(Sa,Ta)) =0
which implies d(Sa,Ta) = 0, i.e. Sa = Ta. Then w = Sa = Ta is
a point of coincidence of S and T. By Theorem 3.1, w is the unique
point of coincidence of 7" and S.

By Lemma 1.6, w is the unique common fixed point of S and 7.
The proof is similar when 7'(X) is a complete subsequence of (X, d),
since T'(X) C S(X). O
Remark 3.3. If ¢(t) =t we obtain Theorem 2.11.

Corollary 3.4. Let T and S be noncompatible weakly compatible map-
pings satisfying the inequality (3.1) for all x # y € X, where 1 is an
altering distance and T'(X) C S(X). If S(X) or T(X) is a complete
subspace of X, then T' and S have a unique common fized point.

4. APPLICATIONS

In [4], Branciari established the following theorem which opened
the way to the study of mappings satisfying a contractive condition of
integral type.
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Theorem 4.1 ([4]). Let (X, d) be a complete metric space, ¢ € (0,1)
and f: X — X a mapping such that for each v,y € X

d(fx.,fy) d(z,y)
(41) /’ h@ﬁgc/ h(t)dt
0 0

where h(t) : [0,00) — [0,00) is a Lebesgue measurable mapping which
is summable (i.e. with finite z'ntegml) on each compact subset of [0, 00),
such that for € >0, for [ h(t)dt > 0.

Then f has a unique fixed pomt z € X such that for each x € X,
lim, .o f"x = 2.

Theorem 4.1 has been generalized in several papers, e.g. it has been
extended to a pair of compatible mappings in [7].

Theorem 4.2 ([8]). Let f and g be compatible self mappings of a
complete metric space (X, d), with g continuous satisfying the following
conditions:

(1) f(X) Cy(X),

(2)
d(fz,gy) d(z,y)
/ Mﬂﬁgc/ h(t)dt |
0 0

for some ¢ € (0,1), whenever x,y € X and h(t) : [0,00) — [0, 00)
satisfies the assumptions from Theorem 4.1.
Then f and g have a unique fized point.

Some fixed point results for mappings satisfying contractive condi-
tions of integral type are obtained in [3], [15], [16], [17] and in other
papers.

Lemma 4.3 ([16]) Let h(t) : [0,00) — [0,00) as in Theorem 4.1.
Then, 1 (t) fo t)dt is an altering distance.
Theorem 4.4. Let S and T be two weakly compatible self mappings

of the metric space (X, d) such that:
(1) S and T satisfies property (E.A);

(2)

d(Tx, T ) d(Sz,S ) d(Sz,Tx)
F (3 ey, [ nyat, | h()dt,

fod(Sy,Ty dt fo (Sz, Ty)h dt fd(Sy Tx) ) <0

forallx #y € X, F € Fs and h(t) is as in Theorem 4.1.

(3) T(X) C S(X).
If S(X) or T(X) is a complete subspace of X, then S and T have
a unique common fixed point.

(4.2
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Proof. By Lemma 4.3,

is an altering distance. By (4.2) we obtain

F((d(Tx, Ty)), p(d(Sz, Sy)), d(d(Sz, T'r)),
P(d(Sy, Ty)), v(d(Sz, Ty)), ¥ (d(Sy, Tx))) <0

which is inequality (3.1). Hence, the condition of Theorem 3.2 are
satisfied and S and T have a unique common fixed point. OJ

Remark 4.5. If h(t) = 1, then by Theorem 4.1 we obtain Theorem
2.11.

Corollary 4.6. Let S and T be noncompatible weakly compatible map-
pings satisfying inequality (4.2) for each x,y € X, where F' € §g and
T(X) C S(X).

If S(X) or T(X) is a complete subspace of X, then S and T have
a unique common fixed point.

Remark 4.7. If h(t) = 1, then by Corollary 4.6 we obtain Corollary
2.11.
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