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Common fixed point result for weakly compatible
mappings

Rakesh Tiwari, S. K. Shrivastava,
V. K. Pathak and Nidhi Sharma

Abstract. In this note a common fixed point theorem for weakly
compatible mappings in a metric space is proved which, improves
the results of Ciric [3], Fisher [4], Pant [8],[9] and Popa et al.[10].

Resumen. En esta nota se prueba un teorema de punto fijo comun
para las funciones débilmente compatibles en un espacio métrico que
mejora los resultados de Ciric [3], Fisher [4], Pant [8],]9] v Popa et
al.[10].

1.Introduction

The concept of commuting mappings has proven useful for generalizing fixed
point theorems in the context of metric spaces. Sessa [11] defined two self-
maps S and T of a metric space (X, d) to be weakly commuting if and only if
d(STx,TSx) < d(Sz,Tx) for each x in X. Jungck [5] further weakened this
property by introducing the concept of compatibility of mappings, which asserts
that S and T are said to be compatible if lim,,_, o d(STx,, TSx,) = 0, when-
ever {x,} is a sequence in X such that lim, . T2, = lim, o Sz, =t for
some t € X. Jungk et al. [7] have defined S and T to be compatible of type (A)
if lim,, oo d(T'Sxy, SSxy,) = 0 and lim,, o, d(STxy, TTx,) = 0 whenever {z,,}
is a sequence in X such that lim, . Tz, = lim, - Sz, =t for some t € X.
Clearly weakly commuting mappings are compatible of type (A). By [7], Ex.2.2,
it follows that this implication is not reversible and it also follows by Ex.2.1 and
Ex.2.2 that the notion of compatible mappings and compatible mappings of
type (A) are independent. Recently, Jungck and Rhoades [6] introduced the
concept of weakly compatible mappings as, two selfmaps S and T of a metric
space (X, d) are said to be weakly compatible if they commute at their coinci-
dence points; i.e. if Su = Tu for some v € X, then STu = T'Su. Notice that
every commuting pair of maps are weakly commuting, weakly commuting pair
of maps are compatible and compatible pair of maps are weakly compatible,
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but the converse of each need not be true. [see for instance, [1] and [10]].

The main object of the paper is to prove a common fixed point theorem for
weakly compatible mappings in a complete metric space which improves several
known results.

2. Preliminaries
Recently, Popa et al. [10] proved the following theorem :

Let F be the set of all functions f : Ry — Ry such that
(i) f is isotone, i.e. if t1 < tg, then f(t1) < f(t2) for all £1,t2 € Ry;
(ii) f is upper semi-continuous;
(iil) f(t) <t for all t > 0.

Theorem 2.1 Let A, B, S, and T be self mappings of a complete metric space
(X, d) such that

(2.1) AX)cCcT(X) and B(X)cC SX),
(2.2) the inequality

[14p d(Sz, Ty)|d(Az, By) < p max{d(By, Ty)d(Az, Sx),d(Az, Ty)d(Sx, By)}

+ f(max{d(Sz,Ty),d(By,Ty),d(Axz, Sz), = [d(Az, Ty) + d(Sz, By)]})

1
2
holds for all z,y € X, where p > 0 and f € F.

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

(2.4) A and B weakly commutes with S and T respectively;

then A, B, S and T have a unique common fixed point ¢ in X. Further ¢ is the
common fixed point of A and S and of B and T

Now we can define a sequence {y,} with the help of (2.1), by choosing an
arbitrary xo € X as follows :

(2.5) Yon = T%ony1 = Axon,  and  yopt1 = STont2 = Bront1

forn =1,2,3,... (see, for instance, [12]).
The following lemmas help us to establish our results :

Lemma 2.2[2] Let f € F and {&,} be a sequence of non-negative real num-
bers. If &,4+1 < f(&,} for n € N, then the sequence {&,} converges to 0.
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Lemma 2.3 If we denote d,, = d(yn, Yn+1) then lim,_ood, = 0.
Proof. The inequality (2.2) with x = x9,, and y = 29,11 implies

[14+pd(y2n—1, y2n)]d(Y2n, Y2nt+1) < P d(Y2n+1, Y2n)d(Y2n, Y2n—1)

1
—[d(y2n, y2n)+d(Y2n—-1, Y2n+1)] }) ,

+f (max{d(y2n—1,Y2n), d(Y2n+1, Y2n), d(y2n—1, Y2n), 5

which implies

1 1
d2n < f(max{dQn—h d2na §d2n—17 §d2n})a
If dop, > doy—1, then we have

d2n S f(dQn)) < dQna

a contradiction. Thus, we must have ds,, < doy,_1.
Then using this inequality the condition (2.2) yields

(2.6) don < f(dan-1)-
for n =0,1,2... Similarly taking = z2,42 and y = 22,41 in (2.2), we get
[1+pd(y2n+17 an)}d(yZnJrQa y2n+1) S p d(y2n+17 yZn)d(y2n+27 y2n+1)

+ f( max{d(yan+1,Y2n), A(Y2n+1,Y2n)), AY2nt1, Y2n12),

1

5 [d(Y2n+2:Y2n) + d(Y2nt1, Y2ns1)]})

which implies

1
dant1 < f(max{dan, dani1, §[d2n + dang1]}).
If doy+1 > doy, then we have

dont1 < f(dan+1)) < dani1,

a contradiction. Thus, we must have ds,11 < day,.
Then using this inequality the condition (2.2) yields

(2.7) dont1 < f(d2n)-
for n =1,2,3,... From equations (2.6) and (2.7), we obtain
dn+1 S f(dn)a

forn=1,2,3,.... And so, by Lemma 2.2, we get lim,_,-,d, = 0.
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Lemma 2.4 The sequence {y,} defined by (2.5) is a Cauchy sequence.
Proof. Suppose subsequence {ya, } is not a Cauchy sequence. Then there exists
an € > 0 such that for each even integer 2k, there exist even integers 2m(k) and
2n(k) with 2m(k) > 2n(k) such that

(2.8) d(Yom (k) Yon(k)) > €
For each even integer 2k, let 2m(k) be the least even integer exceeding 2n(k)
satisfying (2.8), that is
(2.9) d(Yan(k)> Yamk)—2) < € and d(Yan(k)> Yom(k)) > €
Then for each even integer 2k, we have
€ <d(Yan(k), Y2m(k))

<d(Yan(k)> Yom(k)—2) T AY2mk)—2: Y2mk)—1) + A(Y2mk) -1, Y2m(k))
<€+ damk)—2 + domk)—1-

Hence from Lemma 2.3 and (2.9), it follows that

(2.10) limg 00 d(Y2n (k) Y2m(k)) = €
By the triangular inequality, we have
|d(Y2n (k) Yam(k)—1) = AY2n (k) Yom))| < AY2mk)y—15 Y2m(k))s
and
ld(Yonk)+15 Y2m(k)—1) — A(Y2n (k) Y2m)| < A(Y2m k), Y2m)—1) + AY2n (k) s Yan(r)+1)-
By Lemma 2.2 and equation (2.9), we obtain
(2.11) lime—cod(Yan (k) Yamk)—1) = € and 1Mk ood(Yom k) +1; Y2mk)—1) = €
Now using (2.2) with & = 23y,x) and y = T2 (x)—1, We have
[14p d(STon(k)y> TTomk)—1)]d(ATon k), BTamk)—1) < p max{d(BTomk)—1,TTamk)—1)

A(AZon k), STan(k)), A(AT2n k), TZom (k) —1)A(STan(k), BTamk)—1)}
+ f (max{d(Szan k), TTamk)-1), ABT2m)—1, TTamxk)-1)), A(AZ2n (k) STan(k))s
1

g[d(Aan(kﬁ TZom(k)—1) + A(ST2n(k), BTamr)—1)]})s

or
(14 P d(Yank)—1> Y2me)—1)]dW2nk)s BTam)—1) < p maz{d(Yon()—1, T Ton(k))

d(Yam(k)—2> Y2mk)—1)s A Y2n(k) - 15 Y2m (k) - 1)d(Y2m k)~ 1> Y2n (k) ) }
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+ f(max{d(Yan(k) -1, Y2mr)—1)> AY2n(k) -1, Y2n (k)

1
d(Yan (k) Yonh—1))s 514 Y2nk) =1 Y2mk)—1) + A(Y2mk)—2: Yon(k))]}) -
2

Letting k — oo and using Lemma 2.2, equations (2.10) and (2.11), we have
[L+pele <p e+ f(max{e,0,0,€}),

or
egf(e) < €,

a contradiction. Hence {y2,} is a Cauchy sequence.
3. Main Results

Now we present our main results. Throughout this section, suppose (X, d) de-
notes a complete metric space.

Theorem 3.1 Let A, B, S and T be self maps of a complete metric space
(X, d) satisfying (2.1) and (2.2) and suppose one of the mappings A, B, S and
T is continuous. If the pairs (A, S) and (B, T) are weakly compatible, then A,
B, S and T have a unique common fixed point ¢ in X.

Proof. Since X is complete, it follows from Lemma 2.4 that the sequence {y, }
converges to a point ¢ in X. On the other hand, the sub sequences {Azs,},
{Bzant1}, {Sxon} and {Txo,11} of {y,} also converges to the point q. Now
suppose that A is continuous. Then the sequences {ASws,} and {A%xs,} con-
verges to Aq. Since the pair {A, S} is weakly compatible, it follows from propo-
sition 2.8[9] that lim,— . SST2, = Ag.

Now using (2.2) we have,

[1+p d(SS’lIQn, TCCQ,H_l)]d(ASZL'Qn, BZ2n+1) S P max{d(szn_H, TﬁL’Qn+1)

d(ASl‘gn, SSl‘Qn), d(ASJUgn, T$2n+1)d(SSl‘2n, BI2n+1)}
+ f(max{d(SSwon, Tr2n41), d(Brani1, TT2n41),

1
d(AS.TQn, stzn), E[d(ASZL'Qn, T$2n+1) + d(SS.TQn, B$2n+1)]}) .

Letting n — oo, we have

[1+p d(Aqg, ¢)ld(Aq, q) < pmaz{d(q,q)d(Ag, Ag),d(Aq, q)d(Aq,q)}

+f(max{d(Aq, q),d(q, ), d(Aq, Aqg), %[d(Aq, q) +d(Aq, q)]}),
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d(Aq,q) < f(d(Aq,q)) < d(Aq, q),

which implies Aq = q.
Since A(X) C T(X), there exists a point w € X such that Tu = ¢. Using the
inequality (2.2), we have

[1+p d(SSxan, Tu)|d(ASTay, Bu) < p max{d(Bu,Tu)d(ASx2n,, SSx2y),
d(ASzop, Tu)d(SSza,, Bu)} + f(max{d(SSzan,, Tu),d(Bu, Tu),

1
d(ASzay, SSTay), i[d(ASxQn, Tu) 4 d(SSzan, Bu)l}).

Letting n — oo, we have

[1+p d(q,q)ld(g, Bu) < p maz{d(Bu,q)d(q,q),d(q, q)d(q, Bu)}

: d(q,q) + d(g, Bu)l}),

+ f(max{d(q, q), d(Bu, q)), d(g, ), 5

or

d(Bq,q) < f(d(Bq,q)) < d(Bq,q),

which implies Bqg = gq.

Since the pair (B, T) is weakly compatible and Bu = T'u = ¢, we have
d(BTu,TBu) = 0 whenever Tu = Bu, and so B¢ = BTu =TBu =Tgq.
From inequality (2.2), we have

[1+p d(Sxon, Tq)|d(Axay,, Bq) < p max{d(Bq,Tq)d(Axan, Sxan),
d(A$2n7 TQ)d(SIQTH Bq)} + f( maX{d(ngn, TQ)7 d(BQ7 Tq))7

1
d(Azay, Stay), i[d(Axgn, Tq) + d(Szay, Bq)]})

Letting n — oo, we have

[1+p d(q, Tq)]d(q, Tq) < p maz{d(Bgq,Tq)d(q,q),d(q, Tq)d(q,Tq)}

+ (max{d(a, Ta), d(Ta, T0)), d(a,4), 3 d(a, Ta) + dla, T},
which implies,
d(q,Tq) < f(d(g,Tq)) < d(q,Tq),

and so, Tq = q = Bg.
Similarly, since B(X) C S(X), there exists a point v’ € X such that Su’ = g,
and from (2.2), we have

d(Au',q) < f(d(q,Au’)) < d(q, Au")
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which implies that, Su’ = Au’ = q.
Since the pair (A, S) is weakly compatible, we have d(ASu, SAu) = 0 whenever
Au = Su. So ¢ = Aqg = ASw' = SAv = Sq. Thus ¢ is a common fixed point
of A, B, S and T. The same conclusion holds if we suppose the mapping B is
continuous.

For uniqueness of common fixed point. Let A and S have another fixed point
z. Then from (2.2), we have

[14p d(Sz,Tq)|d(Az, Bq) < pmax{d(Bq,Tq)d(Az,Sz),d(Az,Tq)d(Sz, Bq)}

+ f(max{d(Sz,Tq),d(Bq,Tq)),d(Az, Sz), %[d(Az, Tq)+d(Sz, Bq)]}),

or

[14p d(z,q)ld(z,q) < pd(z,q)d(z, q)}+f (max{d(z,q),0,0, %[d(z, q)+d(z,9)]}),

or
d(z,q) < f(d(z,q)) < d(z,q)

It follows from the above that, z = ¢. Similarly ¢ is the unique common fixed
point of B and T'.

By setting p = 0 in Theorem 3.1, we obtain the following corollary:

Corollary 3.2 Let A, B, S and T be self maps of a complete metric space (X,
d) satisfying (2.1) and

1
(31)  d(Aw, By) < f(max{d(Sz, Ty),d(By, Ty)), 5[d(Az, Ty)+d(Sz, By)]})
holds for all z,y € X, where f € F. Suppose one of the mappings A, B, S and
T is continuous. If the pairs (A, S) and (B, T) are weakly compatible, then A,

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

Remark 3.3 If we take A = B and S =T = Ix (the identity mapping on X),
then the above Corollary improves the result of Pant [8] and [9].

Again by setting p = 0 and f(¢) = M; 0 < A < 1 in Theorem 3.1, we obtain the
following corollary:

Corollary 3.4 Let A, B, S and T be self maps of a complete metric space (X,
d) satisfying (2.1) and

(3.2)  d(Az, By) < Amax{d(Sz, Ty), d(By, Ty)), %[d(Ax,Ty) +d(Sx, By)]}
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holds for all z,y € X. Suppose one of the mappings A, B, S and T is continu-
ous. If the pairs (A, S) and (B,T) are weakly compatible, then A, B, S and T
have a unique common fixed point in X.

Remark 3.5 If we take A = B and S =T = Ix (the identity mapping on X),
the above Corollary improves the result of Ciric [3] and Fisher [4].
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