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A FIXED POINT THEOREM FOR
MULTI-MAPS SATISFYING AN IMPLICIT
RELATION ON METRIC SPACES

S. Sedghi, 1. Altun, N. Shobe

We present a fixed point theorem for multi-valued mapping satisfying an
implicit relation on metric spaces.

1. INTRODUCTION AND PRELIMINARIES

In 1922, the Polish mathematician STEFAN BANACH proved a theorem which
ensures, under appropriate conditions, the existence and uniqueness of a fixed point.
His result is called BANACH’s fixed point theorem or the BANACH contraction prin-
ciple. This theorem provides a technique for solving a variety of applied problems in
mathematical science and engineering. Many authors have extended, generalized
and improved BANACH’s fixed point theorem in different ways. In [6], JUNGCK
introduced more generalized commuting mappings, called compatible mappings,
which are more general than commuting and weakly commuting mappings. This
concept has been useful for obtaining more comprehensive fixed point theorems
(see, [3], [5], [7)-[13].

Throughout this paper, let (X, d) be a metric space. Also B(X) is the set of
all non-empty bounded subsets of X. Denote for A, B € B(X)

D(A, B) = inf{d(a,b):a € A, b € B},
0(A, B) = sup{d(a,b):a € A, b € B}.
If A consists of a single point a, we write 6(A, B) = d(a, B). If B also consists
of a single point b, we write §(4, B) = d(a, b).

H(A, B) = max { SLGIB d(z, B), SLGIE d(y, A)}
@ y
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for A, B € CB(X), where CB(X) is the set of all non-empty closed and bounded
subsets of X. Note that D(A, B) < H(A, B) < (A, B). Function H is a metric on
CB(X) and is called a HAUSDORFF metric. It is well known that if X is a complete
metric space, then so is the metric space (CB(X), H). The following definition is
given by JUNGCK and RHOADES [7].

Definition 1. The mappings I : X — X and F : X — B(X) are weakly compatible
if they commute at coincidence points, i.e., for each point u in X such that Fu =
{Iu}, we have FIu = IFu. (Note that the equation Fu = {Iu} implies that Fu is
a singleton).

2. IMPLICIT RELATION

Implicit relation on metric space have been used in many articles (see [1], [2],
[4], [9], [13]).

Definition 2. Let RT be the set of all non-negative real numbers and let T be the
set of all continuous functions T : (RT)®> — R satisfying the following conditions:

(C1) : T(t,...,t5) is non-decreasing in t1 and non-increasing in ta, ..., ts.
(Ca) : There exists h € (0,1) such that

T(u,v,v,u,v+u) <0 or T(u,v,u,v,v+u) <0

implies u < hv.

(Cs) : T(u,0,0,u,u) > 0,7 (u,0,u,0,u) >0 and T(u,u,0,0,2u) > 0, for all
u > 0.

Now, we give some examples.
EXAMPLE 1. Let T'(t1,...,t5) = t1 —amax{ta, t3, ta}—Bts, where o, > 0 and a+28 < 1.
(C1): Obvious. (C2): Let uw > 0 and T'(u,v,v,u,v+u) = u — amax{u,v} — B(v+u) <O0.
Thus v < max{(a+B)u+Pv, (a+B)v+Pu}. Now if u > v, then u < (a+B)u+pv < (a+
a+f -

v. Similarly, let

1-p
a+p
u > 0and T'(u,v,u,v,v+u) = u—amax{u,v}—B(v+u) <0, then we have u < —=

15 v.
If w =0, then u < ?jgv. Thus (Cz) is satisfying with h = ?jg < 1. (Cs):

T(u,0,0,u,u) = T(u,0,u,0,u) = u(l—a—03) > 0and T(u,u,0,0,2u) = u(l—a—23) > 0,
for all v > 0. Therefore T' € 7.

283)u, a contradiction. Thus u < v and u < (a+3)v+Lu and so u <

EXAMPLE 2. Let T(tl, .. ,t5) =t — mmax{tg,t3,t4,t5/2}, where 0 <m < 1.

(C1): Obvious. (Cz): Let uw > 0 and T'(u,v,v,u,v + u) = u — mmax{u,v} < 0. Thus
u < mmax{u,v}. Now if u > v, then v < mu, a contradiction. Thus v < v and
w < mu. Similarly, let v > 0 and T'(u,v,u,v,v + u) = v — mmax{u,v} < 0, then we
have v < mwv. If uw = 0, then v < mwv. Thus (Cz) is satisfying with h = m < 1. (Cs):
T(u,0,0,u,u) = T(u,0,u,0,u) =T (u,u,0,0,2u) =u(l—m) >0, for all u > 0. Therefore
TeT.
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3. THE MAIN RESULT

Theorem 1. Let F,G be mappings of a complete metric space (X,d) into B(X)
and f,g be mappings of X into itself satisfying:

(i) Fx Cg(X), Gz C f(X) for every x € X,

(ii) The pair (F, f) and (G, g) are weakly compatible,

(ii) T(6(Fz, Gy),d(fz,gy), D(fz, Fz), D(gy, Gy), D(fz,Gy)+D(gy, Fx)) <0
for every x,y in X, where T € T. Suppose that one of g(X) or f(X) is a closed
subset of X, then there exists a unique p € X such that {p} = {fp} = {gp} = Fp =
Gp.

Proof. Let g be an arbitrary point in X. By (i), we choose a point 1 in X such
that yo = gxr1 € Fxo. For this point x; there exists a point xo in X such that
y1 = fxro € Gy, and so on. Continuing in this manner we can define a sequence
{zn} as follows

Yon = gTon+1 € Faoy, Yont+1 = [Tant2 € GTapii,

for n = 0,1,2,... . We prove that sequence {y,} is a CAUCHY sequence. From
(iii), we have

T ((5(Fx2n, Grant1), d(fxon, gont1), D(fran, Fran), D(9Tan+1, GXant1),
D(fxon, Gront1) + D(gzoni1, F:Egn)) <0.
Using (Cy) we get
T(d(y2n; Yan+1), d(Y2n—1,Y2n), d(Y2n—1, Y2n ), d(Y2n; Y2n+1),
d(y2n—1,Y2n+1) + d(Y2n, yzn)) <0
and so we get
T (d(y2m Yan+1), A(Y2n—1,Y2n); d(Y2n—1,Y2n ), d(Y2n, Y2n+1),

d(anfla an) + d(y2na y2n+1)) S 07

that is
T (u,v,v,u,v+u) <0,

where u = d(Yon, Yan+1) and v = d(y2n—1,Y2,). Hence, from (Cs), there exists
h € (0,1) such that

d(an, y2n+1) S hd(y2n717 an)

Similarly, from (iii), we have
T(5(F$2n+27 Gzon+1), d(front2, 9Tan+1), D(fxonta, Front2), D(9T2n+1, GTont1),

D(frony2, Grony1) + D(gxont1, FIE2n+2)) <0.
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Thus we have
T(d(y2n+27 y2n+1)7 d(y2n+17 y2n)7 d(y2n+17 y2n+2)7 d(ana y2n+1)a

d(y2n+1; y2n+1) + d(an, y2n+2)) § 0

Using (Cy) we have

T<d(y2n+27 y2n+1)7 d(y2n+17 an)a d(y2n+17 y2n+2)7 d(y2n; y2n+1);
d(Y2n, Yan+1) + d(y2n+17y2n+2)) <0,

That is
T (u,v,u,v,v+u) <0,

where u = d(yan+2, Yon+1) and v = d(yan+t1, Y2n ). Hence, from (Cs), we have

d(Yon+2, Yon+1) < hd(Y2n+1, Yon)-

Therefore,
A(Yn Yns1) < hd(yn—1,yn) < -+ < h"d(yo, y1),
Thus
d(yna ym) § d(yna ynJrl) + d(ynJrl; yn+2) +-- 4+ d(ymfla ym)
< h™d(yo, y1) + " d(yo, y1) + -+ -+ B™d(yo, y1)
A" — p™
= ﬁd(yo,zn)
n
< .
< 7 Uvo.y1) — 0

Hence the sequence {y,}, is a CAUCHY sequence in X. By completeness X
there exist p € X such that

lim y, = lim y2, = lim gxop41 =p € lim Fxy,,
n—oo n—oo n—oo n—oo

and
lim y, = lim yop+1 = lim fropio =p € lim Gropys.
n—oo n—oo n—oo n—oo
Suppose that g(X) is closed, then for some v € X we have p = gv € g(X). If
set xa,, v replacing x, y respectively, in inequality (iii) we get

T((S(Facgn, Gv),d(fxan, gv), D(fran, Fxan), D(gv, Gv),

D(fxan, Gv) + D(gv, F:L'Qn)) <0.
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From (Cy), we have

T(a(y?m G’U), d(anfla g’U), d(anfla y2n); D(gv, G'U),
D(y2n—1; GU) + d(g’U, an)) <O0.

Letting n — oo, we have

7(8(p. Gv). d(p, gv). d(p, ), D(p, Gv), D(p, Gv) +d(p,p) ) <0.

Thus from C; we get,
T((S(p, Gv),0,0,5(p, Gv), d(p, G’U)) <0.

That is, T'(u,0,0,u,u) < 0, hence from (C3), we get u = d(p, Gv) = 0. Hence
Gv = {p} = {gv}. From weak compatibility of (G, g) , we have Ggv = gGv, hence
Gp = {gp}. If set xay,, p replacing z, y respectively, in inequality (iii) we get

T((S(FxQHa Gp)a d(foHa gp)a D(fona Fz2n)a D(gp; Gp);

D(fl‘gn, Gp) + D(gpa Fx2n)> <0.

From (Cy), we have

T(d(yzn,gp), d(Y2n—1,9D), A(Y2n—1,Y2n), d(gp, gp), d(Y2n—1, gp) + d(gp, an)) <0.

Letting n — oo, we get

T(d(p, gp),d(p, gp), d(p, p), d(gp, gp), d(p, gp) + d(gp,p)) <0.

That is, T(u,u,0,0,2u) < 0, hence from (C3), we have u = d(p,gp) = 0. Hence
gp = p. Therefore, Gp = {p}. Since Gp C f(X), then there exists w € X such that
{fw} = Gp={gp} = {p}. Now if set w, p replacing z, y respectively , in inequality
(iii) we get

T (8(Fw, Gp),d(fw,gp), D(fw, Fuw), D{gp, Gp). D(fw,Gp) + Digp, Fw)) <0.

and so we have
T((S(Fw,p),o,é(p, Fw),O,&(p,Fw)) <0.

That is, T'(u,0,u,0,u) < 0, hence from (Cs), we have u = §(Fw,p) = 0. Hence
Fw = {p} = Gp = {fw} = {gp}. Since Fw = {fw} and the pair (F, f) is weakly
compatible, then we obtain Fp = Ffw = fFw = {fp}. Therefore, we obtain
Fp=Gp={fp} = {9} = {p}-

The proof is similar when f(X) is assumed to be a closed subset of X.
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To see that p is unique, suppose that {q} = {gq} = {fq¢} = Fqg = Gq. If
p # ¢, then

7(8(Fp. Ga). d(fp.90), D(fp. Fp). D{9q. Ga). D(fp, Ga) + D(gq. Fp) ) <0,

therefore T'(d(p, q),d(p, q),0,0,2d(p,q) < 0, that is d(p,q) = 0. It follows that
pP=gq. [l

Corollary 1. Let F,G be mappings of a complete metric space (X,d) into B(X)
such that satisfying:

(iv) T(é(Fx, Gy), d(z,y), D(x, Fx), D(y, Gy), D(z, Gy) + D(y, Fz)) <0

for every x,y in X. Then there exists a unique p € X such that {p} = Fp = Gp.
Proof. By Theorem 1, it is enough defined f, g be identity mappings. O
If we combine Theorem 1 with Example 1 we have the following corollary.

Corollary 2. Let F,G be mappings of a complete metric space (X,d) into B(X)
and f,g be mappings of X into itself satisfying:

(i) Fx C g(X), Gz C f(X) for every z € X,

(ii) The pair (F, f) and (G, g) are weakly compatible,

(ili) 0(Fz, Gy) < amax{d(fz, gy), D(fz, Fz), D(gy, Gy)}

+B(D(fz,Gy) + D(gy, Fz))

for every x,y in X, where a, 3 > 0 and o+ 20 < 1. Suppose that one of g(X) or
f(X) is a closed subset of X, then there exists a unique p € X such that {p} =
{fp}={9p} = Fp=Gp.

ExAMPLE 3. Let X = [0,1] endowed with the Euclidean metric d. Define F,G : X —
B(X) and f,g: X — X as follows:

{1/2}, z € 1[0,1/2]
Fa={1/2}, Gz = 7
{ (3/8,1/2], =€ (1/2,1]
%7 z€0,1/2] { 11—z, x€l0,1/2]
fz= -
x“, x € (1/2,1] 0, x € (1/2,1]

It is clear that Fz = {1/2} C g(X) = {0} U[1/2,1], Gz = (3/8,1/2] = f(X) and
g(X) is closed subset of X. Now we consider the following cases:
Case 1. If x € [0,1/2] and y € [0,1/2], then

§(Fz,Gy) =0 < % d(fz, gy).
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Case 2. If x € [0,1/2] and y € (1/2, 1], then

Case 3. If x € (1/2,1] and y € [0, 1/2], then
6(Fz,Gy) =0 < éd(f:wy)-

Case 4. If x € (1/2,1] and y € (1/2,1], then

Therefore, we obtain

§(Fz,Gy) < %d(fm,gy)

< % max {d(fa:, gy), D(fz, Fx), D(gy, Gy), Difz,Gy) + Digy, F'z) }

2

for all z,y € X. That is, the condition (iii) of Theorem 1 is satisfied with

T(t1,. .. ,ts) =11 — 1 max {t27t37t4, l t5}.

3 2
Also, the coincidence points of F' and f are 1/2 and 1, and it is clear that F and f
are commuting at 1/2 and 1. Similarly, the only coincidence point of G and g is 1/2,
and G and g are commuting at 1/2. Thus F and f as well as G and ¢ are weakly
compatible. Consequently all conditions of Theorem 1 are satisfied and so these mappings
have a unique common fixed point on X. On the other hand, if z, = 5 — ——, so that
0(Ggzn,gGrn) — 1/8 # 0 even though Gz, {gzn} — {1/2}, that is, the mappings G
and g are not compatible. Therefore the fixed point results, which have condition of
compatibility, are not applicable to this example. For example the results in [6], [8]-[10]
and some others.
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