Some Fixed Point Theorems for Hardy-Rogers
Multi-valued Mappings with non-constant
coefficients

NADJEH REDJEL AND ABDELKADER DEHICI

Laboratory of Informatics and Mathematics
University of Souk-Ahras, P.O.Box 1553, Souk-Ahras 41000, Algeria
E-mails: dehicikader@yahoo.fr, najehredjel@yahoo.fr

Abstract

In this paper, we study some properties of boundedly orbitally multi-valued
mappings on complete metric spaces. These results are explored to give an investi-
gation of the existence of fixed points concerning Hardy-Rogers mappings involving
some non-constant coefficients which extend and improve many known contribu-
tions in the literature.

1 Introduction

It is well known that the Banach contraction principle (1922) was the starting point of
the fixed point theory. This result was extended to the case of multi-valued mappings
by J. Nadler (1969) as follows:

If (X, d) is a complete metric space and T is a multi-valued mapping of X into the family
CB(X) of all nonempty closed bounded subsets of X and let H be the Hausdorff metric
with respect to d. Then if there exists a € [0,1) such that

H(Tz,Ty) < od(z,y), Vz,y e X.
Then T has a fixed point, in other words, there exists z € X such that z € Tz.

This contribution is of great importance due to the fact that this class of mappings
plays a central role in applied sciences (Optimization, equilibrium problem, games
theory, differential and partial differential equations involving integral inclusions, ...... ).
For a good reading concerning theses mappings and their impact in applied sciences,
we can quote for example [1].

Nadler’s result was generalized by S. Reich for mappings with non-constant coefficients
taking values in the family K (X) of all nonempty compact subsets of X satisfying that

H(Tz,Ty) < a((d(z,y))d(z,y), VYz,y€X.

where « is a function of (0,00) to [0,1) such that limsup a(r) < 1 for every ¢ € (0, c0)
r—stt



The same author asked the question asked whether this contribution holds true if T
takes its values into CB(X) instead K (X). This question was answered positively by
Mizoguchi and Takahashi [13] in almost complete form by replacing the condition on
« by the following stronger condition

limsup a(r) < 1 for every t € [0, 00)

r—t+
The analysis of Mizoguchi-Takahashi was improved and generalized by [4]. In (2011)
Gordji et al [8] gave a positive answer to the Reich conjecture for generalized multi-
valued version of Hardy-Rogers mappings [9] as follows:

Theorem 1.1 [8] Let (X, d) be a complete metric space and let T': X — CB(X) be
a multi-valued mapping satisfying that

for all x,y € X where «a, 8,7 are mappings from [0, +o0) into [0,1) such that a(t) +
26(t) + 2v(t) < 1 and

ey 205 5 +1(5)
st L= (B(s) +7(s))
Then there exists z € X such that z € T'z.

< 1 for every t € [0, 00)

Single valued mappings or multi-valued contraction mappings are uniformly continuous
hence continuous which is not the case of other generalized contractions. This implies
that the function x — d(z,T'z) is continuous, this fact fails for the other generalized
contractions, by this reason the authors added the lower semicontinuity of the function
x — d(x, T'z) to obtain some fixed point results via Caristi’s fixed point theorem which
is also another extension to Nadler’s result (for this subject, we can see [6, 12, 20]). Also,
one of the advantage of contraction or generalized contraction mappings with constant
coefficients is that the principle to study and the investigation of their fixed points
is the same consisting to obtain this fixed point as a limit of a Cauchy sequence (z,,)
satisfying that x,, 11 € Tx,. Unfortunately, when the coefficients are not constant, many
constraints appeared and thus we will have to go through other arguments including
the behavior of the mapping on its orbits.

The organization of our paper is as follows: First of all, we give some preliminaries and
notations which will be used in the sequel. In the section 2, we study some properties of
strictly and uniformly orbitally bounded mappings and their relation with the property
P defined in this section. Finally, in section 3, these results are explored to obtain
fixed point results for generalized Hardy-Rogers mappings involving some functions as
coefficients by reducing the problem on the case of an equivalent problem on bounded
complete metric spaces.



2 Main Results

Let (X,d) be a complete metric space. Then, for x € X and A C X,d(z,A) =
inf{d(z,y) : y € A}. The Hausdorff metric with respect to d is defined by

H(A, B) = max{supd(z, B),supd(z, A)},
x€A B

zE

The following properties satisfied by the metric H are used in the sequel.
1. (CB(X), H) is a complete metric space (see [10]),

2. For arbitrary bounded sets A; and As of X, we have H(Aj, Ay) = H(A1,Ag) (A
denotes the closure of the set A in the metric space (CB(X), H)),

3. If A1 and Ay are bounded subsets of X. Then,
d(z,Ag) < H(A1, Ag) for all x € A;.
4. If A7 and Ay are bounded subsets of X. Then,
d(z, A1) < d(z, A2) + H(A1, Az).

For z € X, we denote Cy(T) = {T"z}n>0 = {{z}, Tz, %z, ....... } (% = {z}) and
T) = {T" 2} n>0.ex-

The orbit of T at z is given by

Or(z) = G T"z where T"z = U Tw.

n=0 weTn—1g

Definition 2.1 Let (X,d) be a metric space and let T : X — CB(X) be a multi-
valued mapping. T is said to be closely orbitally continuous at x¢ € X if for any point
x € Op(xg) and any sequence {z,} C Or(x) such that z,, — z as n — oo in (X, d)
we have Tz, — Tz asn — oo in (CB(X),H). T is said to be closely orbitally
continuous on X if it is closely orbitally continuous at any point xy of X.

Remark 2.1 It is to be noted that a continuous multi-valued mapping is closely or-
bitally continuous but the converse is not necessarily true.

Definition 2.2 Let (X,d) be a metric space and let 7' : X — CB(X) be a multi-
valued mapping. T is said to be strictly orbitally bounded at z € X if for any integer
n > 2, the sets T™x are bounded. T is said to be orbitally bounded if it is strictly
orbitally bounded at any point x of X.

Remark 2.2 Let (X,d) be a metric space and let T : X — CB(X) be a multi-
valued mapping, hence for all z € X, {z} and Tz are bounded sets. By this reason the
previous definition is focused to the case of n > 2.



Definition 2.3 Let (X,d) be a metric space and let 7' : X — CB(X) be a multi-
valued mapping. T is said to be uniformly orbitally bounded at x € X if the orbit
Or(x) is a bounded set or its diameter is finite, in other words if

3(Or(z)) = sup{d(ui,u2)/ui,us € Op(x)} < 0.

T is said to be uniformly orbitally bounded if it is uniformly orbitally bounded at any
point z € X.

Remark 2.3 Let (X,d) be a metric space and T': X — CB(X). Let x € X it is
easy to observe that if T" is uniformly orbitally bounded at x, then T is strictly orbitally
bounded at the same point but the converse is in general not true since in general an
infinite union of bounded sets is not necessarily bounded.

Definition 2.4 Let (X, d) be a metric space and T': X — CB(X). We say that T has
the property P if there exists ¢ : €(T') — [0, +oo[ such that H(Z,TZ) < o(Z)—p(TZ)
for all Z € €(T).

Theorem 2.1 Let (X,d) be a metric space and T : X — CB(X) be a strictly
orbitally bounded multi-valued mapping. Then T has the property P if and only if for

o
all z € X the series Z H(T™2,T"2) are convergent.

n=0

Proof. Assume that there exists ¢ : €(T) — [0, 4+o00[ such that H(Z,TZ) < ¢(Z) —
o(T'Z) for all Z € €(T), then

o(Z2) > o(TZ) > p(T?2) > ¢(T3Z) > .........
It follows that for all z € X, we have
H(Trz, T 2) < o(T"2) — (T 2).
By summation, we infer that for all integer m > 1
m
SO HT™12,Tm2) < o(T) — p(T™12) < o(T2).

n=0

By letting m — oo in the previous inequality, we obtain the convergence of the series
oo

S H(T"2,T"2).

n=0

o0
Conversely, assume that Z H(T" 2, T"z) < oo for all x € X. If we put

n=0

01 €(T) — [0, +o0].

(o9}
defined by ¢(Z) = Z H(T""'Z,T"Z),Z € &(T). Hence ¢ has the desired property.
n=0



Theorem 2.2 Let (X,d) be a complete metric space and T : X — CB(X) be a
strictly orbitally bounded multi-valued mapping having the property P. Then T is a
uniformly orbitally bounded multi-valued mapping.

Proof. First of all, we will prove that for all x € X, {T"z},, is a Cauchy sequence in
(CB(X),H). Indeed, from our assumptions together with Theorem 2.1, we deduce

oo
that Z H(T" 2, T"z) < oo for all 2 € X. Now, let 2z an arbitrary element of X. For

n=0
all integers n, m(n < m), we have

H(T"z,Tmz) = H(T"2,T™z2) < H(T"z, T"2) + ....... H(T™ 12, T™2)

the Cauchy criterion concerning convergent series shows that for all € > 0 there exists an

oo
integer ng > 1 for which Z H(T"z,T""12) < € for n > ng. This proves that {T"z},
k=n

is a Cauchy sequence in (CB(X), H) and consequently there exists A € CB(X) such
that Tz — A with respect to the metric H. Fix € > 0, then there exists an integer
ny > 1 such that H(T"z, A) < 5 for all n > n;. Hence

d(u,A) < H(T"z,A) = H{T"z,A) < § for all u € T"2
Let n > nq and let x1,29 € T"z, then

d(z1,A) < HT"z,A) = H(T"z, A) <

)

N o

and
(s, A) < H(T7z, A) = H(T"z, A) < g;
By the definition of the infimum, we obtain the existence of vy, vy € A such that
d(xzi,v1) < H(T"z,A) + %;
and
d(zg,v3) < H(T"z,A) + %;
Thus

d(l‘l, xg) < d(l’l,vl) + d(’Ul,’UQ) + d(vg,xg)
< 2e + d(v1,v2)
<2e+6(A).

This gives that
§(T"z) = sup {d(x1,m2)} < 2e+ 5(A);

x1,x2€T"2



Moreover, the fact that T is strictly orbitally bounded implies that the sets {12 },,c(0,1
are bounded. Consequently, by the reasoning given above, we deduce that the set Op(z)
is bounded which gives the desired result.

Proposition 2.1 Let (X,d) be a complete metric space and T : X — CB(X) be a
closely continuously orbitally multi-valued mapping at y € X. Then Op(y) is invariant
under T

Proof. Let z € Op(y) then there exists a sequence (zy,), C Or(y) such that z, — z
in (X,d). Moreover, the fact that T is strictly continuously orbitally bounded shows
that Tz, — Tz in (CB(X), H). Now if y € Tz, then

d(y,Tzy) < d(y,Tz) + H(Tz,Tz,);

Since H(T'z,Tz,) — 0 (n — o0) and y € Tz we get d(y,Tz,) — 0 (n — o0). The
definition of the infimum shows that for any integer n > 1, there exists y, € Tz, for
which

d(y7 yn) < d(y, Tzn) =+ L

n’
which implies that d(y,y,) — 0(n — 00). On the other hand since (y,)n, C Or(y),
then Tz, C Or(y). This proves that Tz C Or(y) and gives the desired result.

3 Fixed Point Results

3.1 Caristi fixed point theorem and some consequences

It is well known that Caristi’s fixed point theorem is one of the powerfull result existing
in the fixed point theory. The multivalued version of this theorem was established
by Mizoguchi-Takahashi [13] who proved that this version is equivalent to Eukeland’s
principle. Also, this theorem was used by [4, 13] to obtain some fixed point results and
weakly inwardness property for some generalized contractions.

Theorem 3.1 [12] Let (X, d) be a complete metric space and let T': X — CB(X) a
multi-valued mapping such that for each x € X, there exists y € T'x satisfying

Y(y) +d(z,y) < Y(z),

where 1) is a proper, bounded below and lower semicontinuous function of X into
(—00,400). Then T has a fixed point, that is there exists z € X such that z € T'z.

In the next proposition, we will prove that multi-valued mapppings having the property
‘P have fixed points if some additional assumptions on the function ¢ are required. More
precisely, let (X, d) be a complete metric space and 7' : X — C'B(X) a multi-valued
mapping having the property P, we denote by @ : X — [0, +00[ the function defined
by

p(x) = e({z});

Thus we have

.....

ny—



Proposition 3.1 Let (X, d) be a complete metric space and let T': X — CB(X) a
multi-valued mapping having the property P for which ¢ is lower semicontinuous and
satisfies that for each z € X there exists y € Tz satisfying that ¢(Tx) > ¢(y). Then
T has a fixed point, that is there exists z € X such that z € Tz.

Proof. For each z € X, we have
H({z},Tx)

p({z}) — (Tx)

<
< o(z) — p(y)-

On the other hand since y € Tz, we have

d(z,y) < H{z},Tz) = max{d(z, Tz), Zseuj% d(z,z)};

Hence, we get

d(z,y) < o(x) — o(y);

Now, the result follows immediately from Theorem 3.1.

3.2 Fixed point theorems for Hardy-Rogers mappings

First of all, we prove that Hardy-Rogers mappings are strictly orbitally bounded.

Theorem 3.2 Let (X, d) be a complete metric space and T': X — CB(X) be such
that

H(Tz,Ty) < kyd(x,y) + ko(d(z, Tz) + d(y, Ty)) + ks(d(z,Ty) + d(y, Tz)),

for k; > 0 (i = 1,2, 3) such that k1 + 2ky +2ks < 1 and all z,y € X. Then T is strictly
orbitally bounded.

Proof. Let x € X. It suffices to prove that T2z is bounded, the case for n > 2 can be
deduced by induction. Let u; € T?%x, then there exists w; € Tx such that u; € Tw;.
Now, if us € T?x, then us € Twy for some wy € Tx.

Let € > 0, thus there exists v1 € T'wy such that
d(uy,v1) < H(Twy, Twe) + €.
Hence
d(uy,uz) < d(uy,v1) + d(vi, u2)
< H(Twy, Tws) + € + d(v1, u2)
< kid(wy, wa) + ko (d(wi, Twy) + d(we, Tws))
+ ks(d(w1, Twa) + d(wa, Twy)) + € + d(vy, ug). (%)

Now, since w; € Tz, we have



d(wy, Twy) < H(Tz, Tw)
< kyd(z,w1) + kao(d(z, Tz) + d(wy, Twy)) + ks(d(z, Twy) + d(wq, Tx))
< ki(d(z, Tz) + d(wy, Tx)) + ka2(d(x, Tx) + d(wy, Twy))
+ ks(d(z, Twy) + d(w1, Tx))
= kid(z,Tz) + kao(d(z, Tx)
< kid(z, Tz) + ko(d(x, Tx)

(wl, Twl)) + kgd(x, Twl)
(w1, Twy) + ks(d(z, Tx) + d(wy, Twy)).

+ o+
QU X

Therefore
ki 4 ko + k3

d T <
(U)l, wl) - 1—k2—k3

d(z,Tx)

By a similar way, we can show that
ki+ko+ Kk
d(we, Twy) < Md(m,ﬂv)
1— ko — ks

By substituting in (%), we obtain that

d(ul,u2) < k‘ld(wl, ’LUQ) + kg(d(wl,Twl) + d(UJQ,ng))
+ ks(d(wy, Twe) + d(wa, Twy)) + € + d(vy, uz)
ki + ko + k3

< (k1 + 2k3)8(Tz) + 2(kg + ks)(m)d(

z,Tz) + €+ 0(Tws).

Since ug is arbitrary in T2z, this shows that 72z is included in the closed ball of center
ug and radius r = (k1 + 2k3)0(T'(x)) + 2(k2 + kg)(lm)d(LTx) + e+ d(Twa)
which gives the result.
Lemma 3.1 Let (X,d) be a complete metric space and hy, ha, hs : X x X — [0, 00)
three functions satisfying that

sup{hi(z,y) + 2ha(x,y) + 2hs(z,y) : a < d(x,y) < b} < 1,
for each finite closed interval [a,b] C (0,00). Assume that if (z,,y,) € X x X such that

lim d(xnayn) = 0 then h_)In (hl(l'n»yn) + 2h2($myn) + 2h3($myn)) =0 for some

n—aoo

n € [0,1). Then
sup{h1(z,y) + 2h2(x,y) + 2h3(x,y) : 0 < d(w,y) < b} < L.
Proof. Assume that sup{h;(z,y) + 2ha(x,y) + 2hs(z,y) : 0 < d(z,y) < b} = 1. Thus
there exists (zp,yn) € X x X such that
h1(Zn, Yn) + 2h2(Tn, Yn) + 2h3(Tn, yn) — 1.

Necessarily (xy, yn) has a subsequence (zy,, yn, ) such that d(x,, , yn,) —> 0, hence by
assumption

lim (h1(zn,, Yn,,) + 2h2(@n,, Yn, ) + 2h3(2n, , Yn, ) = 1 for some n € [0, 1).
k—>00

which is a contradiction.



Theorem 3.3 Let (X,d) be a complete metric space and let 7' : X — CB(X)
satisfying that
H(Txz,Ty) < hai(z,y)d(z,y)+he(z,y)(d(z, Te)+d(y, Ty))+hs(z,y) (d(z, Ty)+d(y, Tz))
where hi, ho,hsg : X x X — [0, 00) three functions with

sup{hi(z,y) + 2ha(z,y) + 2h3(z,y) : 0 < d(x,y) < b} < 1,
Then T has the property P.

o

Proof. Let x € X. Following Theorem 2.1, it suffices to show that the series Z H(T" 'z, TMz)
n=0

is convergent. First, we prove that the sequence H(T"*'z, T"z) is decreasing.

Let uy € Tz = U Tz and Ty = U Twv. Then

z€Tn" 1z veT"x
d(uy, T"2) = yeiTrgrlz d(uy,y)
< d(uy,Tv) for each v € T"z
< H(Tu,Tv) for some u € T" '
< hi(u,v)d(u,v) + ha(u,v)(d(u, Tu) + d(v, Tv)) + hs(u,v)(d(v, Tu) + d(u, Tv))
< hi(u,v)(d(u, T"z) + d(v, T"x)) + ha(u,v)(d(u, T"z) + d(Tu, T"x))
+d(v, T"x) + d(Tv, T"x)) + hs(u,v)(d(v, T"x) + d(Tu, T"x)
+d(u, T"z) + d(Tv, T"x))
< hi(u,v)d(u, T"x) + ho(u,v)(d(u, T"z) + H(T" 2, T"z))
+ h3(u,v)(H(T" 'z, T"z) + d(u, T"z))
< hy(u, 0) H(T™" Yo, T"x) + ho(u, v)(H(T" ‘2, T"z)+
H(T" o, T")) + ha(u,v)(H(T" e, TMz) + H(T" 1z, T"z))
< (h1(u,v) + ha(u,v) + hg(u,v))H(T" ‘2, T"z)
+ (ha(u, v) + ha(u, v))H(T" o, T ).

By a same way, we can prove that
d(za Tnx) < (hl (’U,, U) + h2(u7 ’U) + h3(u7 U))H(Tn_lxu Tnx)
+ (ho(u,v) + ha(u,v))H(T" 2, T"z),
for all z € T 2. Hence

H(T"z, T"2) < (hi(u,v) + ho(u,v) + hg(u,v))H(T" ‘1z, T"x)
(ha(u,v) + ha(u,v))H(T" M a, T"2),

_|_

This gives that
hl (U, U) —+ h2(u7 U) + h3(u7 'l))
1 — ho(u,v) — hg(u,v))

H(Trz, T" 'z) < H(T" o, T"z) < H(T" 'z, T"z),

9



Now, let € > 0, thus for every integer n > 1 and ¥, € T 'z, we can choose z, € T"x
such that

Ad(Yn, zn) < d(yn, T"x) + €, (%)
Hence
d(yn, 2n) < H(T" 'z, T"x) + ¢,
Since (%) is true for every y, € T" 'x and the fact that the sequence H(T"z, T" ' x)
is decreasing implies that the sequence {d(yn, z,,)} is bounded for all n.
Let ro = nhﬁl@H(T”x,T"+1x). Since sup{hi(z, y)+2ha(z,y)+2hs(z,y) : 0 < d(x,y) <

h ns ~n h ny ~n h ny ~n
ro+e} < 1, there exists k € [0, 1) such that sup{ 1(y1 & }z —(i_y QSJ) & }z —é_y 32’9) i )} =
— 12\Yns <n) — H3\Yn, “n
k.

It follows that for every u; € T™x,

d(us, Tn+1$) <h (ym 2n)d(Yn» Zn) + h2(yn7 20)(A(Yn, Tyn) + d(2n, Tzn))
+h (ym Zn)(d(ym Tzn) + d(zny Tyn))
< h1(Yns 20)(d(Yn, T"x) + d(20, T"2)) + h2(Yn, 20) (d(Yn, T @)

+d(T"x, Tyn) + d(zpn, T"x) + d(T 20, T"x)) + h3(yn, 2n)(d(Yn, T" )

)
+d(T"x, Tzy) + d(zn, T" ) + d(Tyn, T"x))
< 7 (Y, 20 H(T" Y2, T %) + ho(yn, 20) (H(T"™ o, T™2)
+ H(T "z, T" ™ 2) + H(T™" e, T"2)) + ha(yn, 20) (H(T™ 'z, T"x)
+ H(T"z, T" M 2) + H(T"2), T x)).

Similarly, we can prove that for each us € T" 'z, we have

d(ug, T"x) < hy(Yn, 20 H(T" 2z, T"x) 4 ho(yn, 20) (H(T" L2, Tx)
+ H(T"z, T" M 2) + H(T" 2, T")) + h3(yn, 20) (H(T" 2, T"z)
+ H(T"z, T" ' 2) + H(T" 2, T"z)).

Consequently, we get
H(T "z, T 2) < hy(yn, 20) H(T" L2, T™x) + ha(yn, 20) (H(T™ a, T"x)

+ H(T"z, T" M 2) + H(T" M2, ")) + hs(yn, 2n) (H(T" Lz, T"z)
+ H(T"z, T" " 2) + H(T" M2, T"z)).

Thus,

H(T'z, T" 'a) < kH(T" 'z, T"x)
and by induction, we deduce that

10



H(T'z, T 2) < k"H({z}, Tx)

o
and shows the convergence of the series Z H(T"z, T""'z) which achieves the proof.
n=0
In the following result we will prove that the fixed point result for Hardy-Rogers or-
bitally continuous mappings is equivalent to the same result in the case of bounded
complete metric spaces.

Theorem 3.4 [11, 7] Let (Y, d) be a complete metric space and T : Y — CB(Y) be
a closely orbitally continuous multi-valued mapping such that
H(Txz,Ty) < kvd(z,y) + ko(d(x, Tx) + d(y, Ty)) + ks(d(z, Ty) + d(y, Tx)),

for k; > 0 (i = 1,2,3) with k; + 2ky + 2k3 < 1 and all z,y € Y. Then there exists
z € X such that z € Tz.

Assume that the boundedness assumption on the metric space does not weaken the
previous theorem. We give a proof of this equivalence after the following theorem

Theorem 3.5 Let (Y,d) be a bounded complete metric space and T': Y — CB(Y')
be a closely orbitally continuous multivalued mapping such that

H(Tw, Ty) < krd(x,y) + ka(d(x, Tx) + d(y, Ty)) + ks(d(z, Ty) + d(y, Tx)),

for k; > 0 (i = 1,2,3) with k1 + 2ks + 2k3 < 1 and all z,y € Y. Then there exists
z € X such that z € T'z.

Proof. 1t is easy to observe that Theorem 3.4 implies Theorem 3.5. For the converse,
since 7' is closely orbitally continuous multivalued mapping, then Theorem 3.3 and 2.2
together with Proposition 2.1 show that the set O, (T') is bounded and invariant. Now,
by taking Y = O, (T') in Theorem 3.5, we get the result.

Remark 3.1 It is be noted that generalized contractions with non constant coefficients
are not in general Nadler’s contractions (see Example 1 in [8]).

Corollary 3.1 Let (X,d) be a complete metric space and let T': X — CB(X) be a
closely orbitally continuous multi-valued mapping such that

H(Tx,Ty) < hi(x,y)d(x,y) + ha(z,y)(d(z, Tz) + d(y, Ty))
+ h3($7 y)(d(l‘, Ty) + d(yv Tﬂ?)),

such that hq, ha, hs : X x X — [0,00) are three functions satisfying that
sup{hi(z,y) + 2ha(x,y) + 2hs(z,y) : a < d(z,y) < b} < 1.

for each finite closed interval [a,b] C (0,00). Assume that if (z,,y,) € X x X is such
that lim d(x,,y,) = 0, then lim (hy(xn,yn) + 2h2(Tn, yn) + 2h3(zn, yn)) = k for
some k € [0,1). Then T has a fixed point in X.

11



Proof. From Lemma 3.1, we have

sup{hi(z,y) + 2ha(z,y) + 2h3(z,y) : 0 < d(z,y) < b} <1

Since T is closely orbitally continuous, Proposition 2.1 shows that Op(x) is invariant
under 7" for x € X. Moreover, by Theorem 3.3, it is a bounded set. Thus T restricted
to Or(x) reduces to a Hardy-Rogers multivalued mapping. Then following Theorem
3.5, T has a fixed point in X.

We note that our results extend and generalize in a certain sense those of [5]. Also, the
results of this subsection can be adopted to obtain a same results concerning Kannan’s
and Reich’s multivalued mappings [15] and as a corollaries of theses results, we can
obtain

Corollary 3.2 Let (X,d) be a complete metric space and let T': X — CB(X) be a
closely orbitally continuous multi-valued mapping such that
H(Tz,Ty) < hi(z,y)d(z,y) + ho(z,y)(d(z, Tz) + d(y, Ty)),
where hi, ho,hs : X x X — [0, 00) are two functions satisfying that

Sup{hl(xvy) + 2h2(x,y) ra < d(:ﬂ,y) < b} <L
for each finite closed interval [a,b] C (0,00). Assume that if (z,,y,) € X x X is such
that hﬁm d(xn,yn) =0, then lim (hy(zpn,yn) + 2h2(zn, yn)) = k for some k € [0, 1).

—00

Then T has a fixed point in X.

Corollary 3.3 Let (X,d) be a complete metric space and let T': X — CB(X) be a
closely orbitally continuous multi-valued mapping such that

H(Tz,Ty) < hai(z,y)d(z,y) + ho(z,y)(d(z, Ty) + d(y, Tz)),
where hi,ha : X x X — [0, 00) are two functions satisfying that
sup{h1(z,y) + 2h2(z,y) : a < d(x,y) <b} < 1.

for each finite closed interval [a,b] C (0,00). Assume that if (z,,y,) € X X X is such

that lim d(x,,yn) =0, then lim (hi(zn,yn) + 2h2(zn, yn)) = k for some k € [0, 1).
n—-aoo n—-oo

Then T has a fixed point in X.
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