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A Coincidence point theorem for densifying mappings

By M. S. KHAN (Al Khod, Oman) and K. P. R. RAO (Nuzvid, India)

Abstract. A common fixed point theorem for a new class of densifying map-
pings is obtained. Our result generalizes many previously known theorems and can be
regarded as an extension of Jungck’s fixed point theorem for densifying mappings.

1. Introduction

Using the fact that a fixed point of any mapping can be regarded as
a common fixed point of the mapping and the identity mapping, JUNGCK
[3] obtained a generalization of the celebrated Banach Contraction Prin-
ciple by replacing the identity mapping by a continuous mapping. In the
past few years, Jungck Contraction Principle has been extensively stud-
ied by many mathematicians for single-valued as well as for multi-valued
mappings in metric, 2-metric, Banach, uniform and probabilistic metric
spaces.

In this note, we intend to prove a generalization of Jungck’s fixed
point theorem for a class of densifying mappings, a notion introduced and
studied by Furl and VIiGNOLI [2]. It is well-known that a contraction
mapping, completely continuous mappings and a number of others are
densifying. Also the results due to FURI and VIGNOLI [2] are more general
than a number of known results.

We remark that we are not aware of any research paper dealing with
the ideas presented here.

2. Preliminaries

Let (X, d) denote a metric space, and f be a mapping of X into itself.
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Definition 2.1. (KURATOWSKI [4]). Let A be a bounded subset of
X. Then a(A), the measure of non-compactness of A, is the infimum of
all £ > 0 such that A admits a finite covering consisting of subsets with

diameters less than e.
The following properties of o are well-known:

(i) 0<a(A) <Ii(A), where §(A) stands for the diameter of A.
(i) «a(A) =0 = A is pre-compact.
(iii) «a(AUB) =max{a(A),a(B)} for bounded subsets A and B
of X,
(iv) ACB = «(4) <a(B).
Definition 2.2. (Furl and VIGNOLI [2]). A continuous mapping f of

a metric space X into itself is said to be densifying, if for every bounded
subset A of X with a(A) > 0, we have a(f(A)) < a(A).

Definiton 2.3. (SASTRY and NAIDU [8]). A self-mapping f on a metric
space X is said to be nearly-densifying if a(f(A4)) < a(A) for every f-
invariant and bounded subset A of X with a(A) > 0.

Definition 2.4. (SASTRY and NAIDU [8]). Let f, g and s be three self-
mappings on a metric space X, and S be the subsemigroup generated by
f,g and s in the semigroup of all self-mappings on X with composition
operation. Then for any x € X, the orbit #(z) at z is defined by

O(z)={ye X:y=x or y=hx forsome heS}.

3. Results

Throughout this section, X stands for a complete metric space, and
for some 2y € X the orbit 0(z() is assumed to be bounded.

Let Fy,Fy : X x X — [0,00) be such that either Fy or Fj is lower
semi-continuous, and further Fy(z,z) = Fy(z,z) =0 for all z € X.

The following is our main result.

Theorem 3.1. Let f,g and s be three continuous and nearly densi-
fying self-mappings on X such that s commutes with f and g. Suppose

that
(1) cee Fl(fxagy) < maX{FQ(Sxa Sy)7 F2(S'r7 fx)v Fl(Sy,gy),

{min{ Fy(sx, gy), F1(fz,sy)}} for sz # sy and fx # gy, and
also

(11) s FQ(QQIZ’, fy) < max{Fl(sx, 8y)7 Fl(S.fC, gﬂf), F2(Sya fy)7
{min{ F (gz, sy), Fs(sx, fy)}} for sz # sy and gx # fy.
Then f and s or g and s have a coincidence point provided
that 0(zq) is bounded for some zy € X.

ProOOF. Let z¢p € X such that 6(zg) is bounded. Put A = 0(xy).
Then
A={zot U f(A)Ug(A)Us(A).
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So
a(A) = max{a(f(4)), a(g(A4)), a(s(4))}.

As f,g and s are nearly densifying mappings and X is complete, it follows
that A is compact. Let

B= ﬁ S™(A)

Then as proved in Theorem 2 of SHIH and YEH [9], we can show that B is
a non-empty compact subset of A and s(B) = B.So s*(B) = B. Further,
it is clear that f(B) C B and ¢g(B) C B. Now, assume that F; is lower
semi-continuous. Define ¢ : B — [0,00) by putting ¢(z) = Fi(sz,gz).
Then ¢ is a lower semi-continuous function on a compact set B and hence
attains its minimum value p € B. Clearly, p € s?(B). So there is a w € B

such that p = s?(w). Suppose that neither f and s nor g and s have a
coincidence point. Then

o(fg(w)) = Fi(sfg(w),gfg(w)) = Fi(fsg(w), gfg(w))
< max{Fy(s?g(w), sfg(w)), Fa(s*g(w), fsg(w)),

Fi(sfg(w), gfg(w)), min{F(s’g(w), gfg(w)), Fi(fsg(w),sfg(w))}}
= Fy(s*g(w), sfg(w)) (By (1))
= Fy(gs*(w), fsg(w)) < max{Fi(s*(w), s’g(w)), Fi(s*(w), gs*(w)),

Fy(s*g(w), fsg(w) ,min{F1(gs*(w), s*g(w)), Fa(s*(w), fsg(w))}}
= F1(s°(w), s?g(w)) (By (ii))
= Fi(s(s*(w)), 9(s*(w))) = Fi(s(p), 9(p)) = &(p),

a contradiction to the choice of p. Hence f and s or g and s must have
a coincidence point. Similarly, when F5 is lower semi-continuous, we can
prove the existence of a coincidence point of f and s or g and s.

Theorem 3.2. Let f, g, s, F} and Fs be as in the statement of Theorem
3.1. If z is a common coincidence point of f,qg and s, then sz is a unique
common fixed point of f, g and s.

PrOOF. Given that z is a common coincidence point of f,g and s.
The fz = gz = sz. Using commutativity of s with f and g, we see that

f(sz) = s(fz) = s(sz) = s(gz) = g(sz). Now suppose that s?z # sz.
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Then
Fi(s%z,52) = F1(fsz,g2)

< max { Fy(s%z, s2), Fa(s°z, fsz), Fi(sz, g2),
min{F>(sz, gz), F1(fsz,s2)}}

= Fy(s%2,52) = Fy(gsz, f2)

< max {F\(s%z, s2), F1(s°2, gsz), Fa(sz, [ 2),
min{F(gsz, sz), Fa(s°z, f2)}}

= Fy(s%2, 52),

2

which is a contradiction. Hence sz = sz. Thus sz is a common fixed

point of f, g and s.

The unicity of a common fixed point follows from (i) and (ii). This
completes the proof.

Corollary 3.3. Let f,g and s be three continuous and nearly densi-
fying self-mappings on X such that s commutes with f and g. Suppose
that

(111) cee Fl(fmagy) < maX{FQ(qugy)v FQ(qu f’r>7 Fl(syagy)}
for sx # sy and fx # gy, and also

<1V) ce FQ(QCE, fy) < ma‘X{Fl(Sx’ Sy)a Fl(SCE, gy)’ F2(8y7 fy)}
for sx # sy and gx # fy. Then f,g and s have a unique
common fixed point.

Remark. Corollary 3.3 extends results due to RAY-FISHER [5],
FiSHER-KHAN [1], RAY-CHATTERJEE [6] and SINGH [10].

Corollary 3.4. Let f,g and s be three continuous and nearly densi-
fying self-mappings on X such that s commutes with f and g. Suppose
that

Fl(fm7gy) < FQ(va Sy)7
for sx # sy and fx # gy, and also

FQ(gJ:?fy) < Fl(S.I‘, Sy)a

for sx # sy and gx # fy. Then f,g and s have a unique common fixed
point.

Remark. For Fy = F5 and f = g, Corollary 3.4 can be regarded as an
extension of Jungck’s theorem [3] for denisfying mappings.

Finally, we state the following result which is motivated by the con-
traction condition given in RHOADES [7]. It can be proved using techniques
of Theorem 3.1.
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Theorem 3.5. Let f,g and s be three continuous and nearly densify-
ing self~mappings on X such that s commutes with f and g. Suppose that
the inequality

F(fx,gy) < max {F(sz,sy), F(sz, fy), F(sy, gy),
5[F(sz, gy) + F(sy, fz)]},

holds for sz # sy and fx # gy, where F' : X x X — [0, 00) is a lower semi-
continuous symmetric function satisfying triangle inequality and F'(x,x) =
0 for all x € X. Then f,g and s have a unique common fixed point.

Ezample. Consider X = {0,1} with the usual metric. Define f,g :
X — X as

f(0) =0,9(0) =1,
f(1)=1,9(1) =0.

Then d(fx,gy) < d(z,y), for © # y, fxr # gy, because 0 # 1 —
d(f0,91) =0 < d(0,1) =1, and

140 = d(f1,90) =0<d(1,0) =1.
Clearly, fg = gf. But f and g have no common fixed point.

Thus in all results (except Theorem 3.2), we can just conclude that
either f and s or g and s have a coincidence point. In the above example
s is taken as the identity map on X.

Acknowledgement. Authors are grateful to the learned referee for sev-
eral useful comments which have improved the contents of the paper.

References

[1] B. FisHER and M. S. KHAN, Results on fixed points of densifying mappings, Math.
Sem. Notes, Kobe 7 (1979), 509-514.

[2] M. Furi and A. VieNoLI, A fixed point theorem in complete metric spaces, Boll.
UMT 4 (1969), 505-509.

[3] G. JuNGcK, Commuting mappings and fixed points, Amer. Math. Monthly 83
(1976), 261-263.

[4] C. KuraTowsKI, Topologie, Vol I, Warsaw, 1952.

[5] B. K. Ray and B. FISHER, Some results on fixed points for densifying mappings,
Indian J. Math. 23 (1981), 223-228.

[6] B. K. RaYy and H. CHATTERJEE, Some results on fixed points in metric and Ba-
nach spaces, Bull. Acad. Polon, Sci., Ser. Sci. Math. Astronom. Phys. 25 (1977),
1243-1247.

[7] B. E. RHOADES, A compariosn of various definitions of contractive mappings, Trans.
Amer. Math. Soc. 226 (1977), 256—290.

[8] K. P. R. SASTRY and S. V. R. NaIDU, Fixed point theorems for nearly densifying
mappings, Nep. Math. Sci. Rep. 7 no. 1 (1982), 41-44.

[9] M. H. SHIH and C. C. YEH, On fixed point theorems of contractive type, Proc.
Amer. Math. Soc. 85 (1982), 465-468.



370 M. S. Khan and K. P. R. Rao : A Coincidence point theorem ...

[10] S. P. SINGH, Densifying mappings in metric spaces, Math. Student 41 no. 4 (1973),
433-436.

M. S. KHAN

DEPARTMENT OF MATHEMATICS & COMPUTING
COLLEGE OF SCIENCE

SULTAN QABOOS UNIVERSITY

P.O. BOX 36, POSTAL CODE 123

AL KHOD, MUSCAT, SULTANATE OF OMAN

K. P. R. RAO

DEPARTMENT OF MATHEMATICS
N.U.P.G. CENTRE

NUZVID - 521 201

KRISHA DISTRICT

ANDHRA PRADESH, INDIA

(Received October 13, 1993; revised February 8, 1994)



