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Abstract. V. Berinde and M. Picurar [V. Berinde and M. Péacurar, Fixed points and continuity
of almost contractions, Fixed Point Theory, 9(1)(2008), 23-34] introduced a concept of generalized
multivalued almost contraction mapping and obtained a fixed point result for this new class of
mappings. We extend this notion to multivalued f— almost contraction mappings and prove the
existence of coincidence points for such mappings. As a consequence, coincidence point results are
obtained for generalized multivalued f— almost nonexpansive mappings which assume closed values
only. Related common fixed point theorems are also proved. Our results provide extension as well as
substantial generalizations and improvements of several well known results in the existing literature.
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1. INTRODUCTION AND PRELIMINARIES

Let (X,d) be a metric space. We denote by CB(X) and CL(X), the families of
all nonempty closed bounded and nonempty closed subsets of X, respectively. For
A,BeCL(X).Set, Eap={¢>0:AC N.(B),B C N,(A)}. we define a generalized
Hausdorff metric H on CL(X) by

infEsp if EA73#®

(0.9] if EA7B=®

where N.(A) ={z € X : d(z,A) < €}.

A multivalued mapping T' : X — CL(X) is said to be continuous at point p if
lim,, 00 d(xy, p) = 0 implies that lim,, . H(Tz,,Tp) = 0.

Definition 1.1. Let f: X — X and T: X — CL(X). A point x in X is said to
be (1) fized point of f if f(x) = x; (2) fized point of T if x € T(x); (3) coincidence point
of a pair (f,T) if fa € Tx; (4) common fized point of a pair (f,T) if v = fx € Tx.
F(f),C(f,T) and F(f,T) denote set of all fixed points of f, set of all coincidence
points of the pair (f,T) and the set of all common fixed points of the pair (f,T),
respectively.

H(A,B) =
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In the following definition, M. Berinde and V. Berinde [6] extended the notion of
weak contraction from single valued mappings ( [4] ) to multivalued mappings. For
more discussion on single valued weak contraction mappings we refer to [5], [8] and
references mentioned therein.

A mapping T : X — CB(X) is said to be multivlaued weak contraction [6] iff there
exist two constants § € (0,1) and L > 0 such that

H(Tz,Ty) < 0d(z,y) + Ld(y, Tx)

for every =,y € X.

Recently, Berinde and Pécurar [7] introduced the concept of a generalized multivalued
(0, L)— strict almost contraction mapping and obtained the following fixed point
theorem.

Theorem 1.2. Let (X,d) be a complete metric space, and T : X — CB(X) be
a generalized multivalued (0, L)— strict almost contraction, that is there exist two
constants 6 € (0,1) and L > 0 such that

H(Tx, Ty) < 6d(z,y) + Lmin{d(y, Tx),d(z,Ty),d(y, Ty), d(z,Tx)} (1.1)

for every 2,y € X. Then Fix(T) # ¢. Moreover, for any p € Fiz(T), T is continuous
at p.

Kamran [13] extended the notion of multivlaued weak contraction mappings for a
hybrid pair of f: X — X and T : X — CB(X) and obtained the results regarding
coincidence points of hybrid pair {f,T'}.

Let f be a self map on X. A mapping T : X — CL(X) is said to be multivalued
f— weak contraction ( [13] ) or multivalued (f, 8, L)— weak contraction iff there exist
two constants 6 € (0,1) and L > 0 such that

H(T2,Ty) < 0d(f, fy) + Ld(fy, Tx) (1.2)

for every z,y € X.

Our following definition extends and generalize the notion of generalized multivalued
(0, L)— strict almost contraction mapping.

Definition 1.3. Let f be a self map on X. A mapping 7 : X — CL(X) is said to
be generalized multivlaued (f,6, L)— almost contraction iff there exist two constants
6 € (0,1) and L > 0 such that

H(Tz,Ty) < OM(z,y) + Lmin{d(fz,Tx),d(fy, Ty),d(fz, Ty),d(fy, Tx)} (1.3)

for all z,y € X, where

M (z,y) = max {d(fx, fy),d(fz, Tz),d(fy, Ty), d(fz,Ty) +d(fy, Tx) } .

2

If in above definition, we take f = I (an identity mapping on X ), we obtain a
generalized version of the concept of generalized multivalued (6, L)— strict almost
contraction mappings.

Remark 1.4. Suppose that the mapping T : X — CL(X) satisfies

H(Tz,Ty) < OM(z,y) + Lmin{d(x,Tx),d(y, Ty),d(z, Ty),d(y, Tx)} (1.4)



COINCIDENCE POINTS OF MULTIVALUED f—ALMOST NONEXPANSIVE MAPPINGS 5

for all z,y € X, where 6 € (0,1), L > 0 and

(o) = ma Lo, ). e, 7 ), 25T AT

2

then for any p € Fixz(T), T is continuous at p.
For this let, {x,,} be a sequence in X such that lim d(z,,p) = 0. Replacing z by z,
n—oo

and y by p in (1.4), we obtain

H(Tp, T'rn)
T T
< fHmax {d(p7 xn)7 d(xn’ T.’En)’ d(p, jjp)7 d(xna p) ;— d(pa .13”) }
+Lmin{d(p, Tp),d(Yn,Tyn),d(p, Tyn),d(yn, Tp)}
< f#max {d(p7 2), d(Tn, Tn), d(zy,p) +2d(p7 Tx,) }
< Omax {d(p, Ty), (d(wn, p) + H(Tp, Txy)), d(zn,p) + ;I(Tp, T'xy) }

which on taking limit implies that lim H(Tx,,Tp) = 0.

Definition 1.5. A subset Y of a normed space X is called (5) q—starshaped or
starshaped with respect to q if A\x+(1—A)g € Y for allz € Y and X € [0, 1]; (6) convez
ifdr+(1—-XNyeY forallz,y €Y and X € [0,1].

Definition 1.6. Let f be a self map on a normed space X and Y C X, f is called
(7) affine on Y if Y is convex and f(Az+(1—N)y) = Afz+(1-X) fyforallz,y € Y and
A €10,1]; (8) g—affine on Y if Y is g—starshaped and f(Az+(1—X)q) = Afz+(1-X)g
for all z € Y and A € [0, 1].

Definition 1.7. Let f: Y — Y and T : Y — CL(Y). The pair (f,T) is
called (9) commuting if T fo = fTx for all x € Y; (10) weakly compatible [12] if they
commute at their coincidence points, that is, fTax = T fa whenever z € C(f,T).
Definition 1.8. Let f: X — X, T: X — CL(X) and Y C X. f — T is called
(11) demiclosed at 0 if whenever a sequence {x,} in Y converges weakly to xg in Y’
and y,, € (f —T)xy, such that {y,} converges to 0 strongly, then 0 € (f — T)xg. The
map f is called (12) T- weakly commuting at © € X if f2z € Tfx.

If the hybrid pair {f,T} is weakly compatible at x € C(f,T), then f is T—weakly
commuting at z and hence f"(x) € C(f,T), however the converse is not true in
general ( For detailed discussion on above mentioned notions and their implications,
we refer to [3], [9], [11], [12] and references therein).

2. COINCIDENCE AND COMMON FIXED POINT RESULTS

For practical purposes, a relaxation of boundedness condition is always desired. We
obtain common fixed points of generalized multivalued f— nonexpansive mappings
which in turn unify and improve comparable coincidence point results for multivalued
mappings restricting the range of multivalued mappings to CL(X). We begin with
the following result which extends and improves Theorem 4 of [7], Theorem 2.1 of
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Al-Thagafi [1], Theorem 2.1 of Al-Thagafi and Shahzad [2], the main result of Jungck
[10], and Theorem 2.9 of Kamran [13].

Theorem 2.1. Let X be a metric space, f : X — X and T : X — CL(X) be a
generalized multivlaued (f, 6, L)— almost contraction with T'(X) C f(X). If T(X) is
complete, then C(f,T) # 0. Moreover, F(f,T) # () if one of the following conditions
holds:

(a) For some x € C(f,T), f is T— weakly commuting at = and f2r = fz.

(b) f and T are weakly compatible on C(f,T), f is continuous, and lim f"z exists

for some x € C(f,T).

(¢) For some z € C(f,T), f is continuous at z, and lim f"y = z for some y € X.
(d) f(C(f,T)) is a singleton subset of C(f,T).

Proof. Let xp be in X. Since Txg C fX, pick 21 € X such that fz; € Tx.

1
As k = ﬁ > 1, there exists y; € Tx; such that d(yi, fx1) < kH(Txz1,Txg). As

T(x1) C T(X) C f(X), one finds x5 in X such that y; = fxs. Thus d(fzs, fz1) <
kH(Tx1,Txo). Continuing this process, we can construct a sequence {z,} in X such
that fr,41 € Ta, CTX, for all n > 1 and d(fxn41, fon) < kH(Txz,,Tx,—1). Thus
by taking x,, for x and z,,—; for y in the inequality (1.3), it follows that

d(fxn+17fzn)

< kH(Txp,Txpn_1)
L
< \/éM(:vn,xn,l) + ﬁ min{d(fz,, Tz,),d(frn—1,TTn_1),
d(fxnaTxn—l)vd(fxn—thn)}
where
M(xnvl'nfl) = maX{d(fxnaf‘rnfl);d(fxanl'n)ad(fxnflvTxnfl)a

d(fxn; Tmn71> + d(fxnfla Txn) }
2

= max {d<f$n7 fxn—l)a d(fxnzTxn)vd(fxn—laTl‘n—l)v

d(frn—1,Txy,)
B

= max {d(f:z:n, frn_1),d(frn, frni1),

= maX{d(fxn’fxnfl)vd(fxnvfanrl)}
which further gives that

d(fxn-i-la fxn) S amax{d(fxn, fxn—l)a d(fl‘n, fxn—i-l)})
where o = V0 < 1. Now if for some n,

d(fzn, frny1) > d(fzn, frn-1),

d(f-rnfh f-rnJrl) }
2

then we have
d(f!L‘n+1, fxn) S ad(fanrla fxn)
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a contradiction. So

ad(fxn—lafxn)
. < a™d(fxg, f21).

d(fmm fxn-i-l) <
<

Now, for any positive integers m and n with m > n, we have

d(fxmafxn> S d(fxnafxn—i-l) +d<fxn+1;fxn+2)+"' +d(fxm—17fxm)
< et 4™t 4 o™ Y]d(fo, f21)
S 1Oiad(f$03fxl)v

which implies that {fx,} is a Cauchy sequence in T(X). It follows from the com-
pleteness of T'(X) that fz, — p € T(X) C f(X). Hence we can find v* in X such
that fu* = p. Now,

d(pv TU*) S d(pa fxn+1) + d(fxn+1, TU*)
< d(p. frun) + H(Tw,, Tu’)
< d(p, fanrn) + O max {d(fan, fu'), d(fan, Twn), d(fu", Tu"),

d(fxn, Tu*) + d(fu*, Tx,) }
2
+L mln{d(fxnv fl'n—&-l), d(fU*7TU*)7 d(fxna TU*)? d(fU*7 f‘rﬂ-Fl)}

= d(p, fons1) + Omax {d(fon, fu"), d(fon, foae), d(fu”, Tu),

d(fan, Tu*) + d(fu*, fr,i1) }
2
+Lmin{d(fzn, frni1), d(fu*, Tu"), d(fr,, Tu"),d(fu*, frni1)}

which on taking limit as n — oo gives that

d(p, Tu™)
< Omax{d(p,p),d(p,p),d(p, Tu"), d(p, T )2+ d(p.p) )

+Lmin{d(p, p), d(p, Tu"),d(p, Tu"),d(p,p)}

which further implies
d(p, Tu*) < 0d(p, Tu").

Hence d(p, Tu*) =0 and fu* =p € Tu*. Thus C(f,T) # 0.

(a) Suppose, for x € C(f,T), f is T— weakly commuting at x; that is, f?z € T'f.
By the given hypothesis f?x = fx; therefore fx will serve as a common fixed point
of f and T.

(b) Suppose that y = lim f™x for some x € C(f,T). Since f is continuous, y is fixed

n—oo

point of f. Also since f and T are weakly compatible on C(f,T), f"x € C(f,T) for
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all n > 1, and hence f"z € Tf" 'z. Consider,
d(y, Ty) d(y, f"x) +d(f"xz, Ty)
d "r) + H(Tf" 'z, Ty)
dly, ") + O max {d(f"z, fy),d(f e, T"" ), d(fy, Ty).

d(f"x,Ty) + d(fy, Tf" ') }
2

Lmin{d(f", Tf"2),d(fy, Ty), d(f", Ty), d(fy, T 2)}

= d(y, f"z) + fmax {d(f"gp7 y), d(y, Ty), d(fra, Ty)2+ d(y, f"x) }

Lmin{d(f"z, Tfn_ll‘),d(y,Ty), d(f"z, Ty), d(y,Tfn_lx)},

IN

(y, f
(y, f

IN

IA

_l_

Taking the limit as n — oo, we obtain d(y, Ty) < 0d(y, Ty) and d(y,Ty) = 0 hence
y € Ty. Thus F(f,T) # 0.
(¢) Suppose that for some z € C(f,T), f is continuous at z, and lim f"x = z for

some z € X. Then z = fz € Tz, and F(f,T) # 0.

(d) Since f(C(f,T)) = = (say) and = € C(f,T), this implies that z = fz € Tz. Thus
F(f,T) £0.

Corollary 2.2. Let X be a metric space, T : X — CL(X) be generalized
multivlaued (0, L)— almost contraction with T(X) C X. Suppose that T(X) is
complete. Then T has a fixed point.

Corollary 2.2 generalizes the Banach contraction principle, and the Nadler contraction
Principle [15]. Theorem 3 of [6] and Theorem 4 of [7] become special cases of our
Corollary 2.2.

Let Y be a g—starshaped subset of a normed space X, f:Y — Y and T :Y —
CL(Y). A pair {f, T} satisfies the coincidence point condition on a closed subset A of
Y if, whenever {z,} is a sequence in A such that d(fz,,, Tx,) — 0, then fu € Tu for
some u € A. A map T satisfies the fixed point condition on A € CL(Y) if, whenever
{z,} is a sequence in A such that d(x,,Tz,) — 0, then u € T'u for some u € A. We
also define, 6(fy, Tx) = inf{d(fy, Thz) : 0 < A < 1}.

Theorem 2.3. Let Y be a subset of a normed space X, f:Y — Y and T:Y —
CL(Y). Suppose that Y is g—starshaped, f(Y) =Y [resp. f is g—affine on Y], T(Y)
is bounded, T'(Y) is complete, T'(Y) C f(Y),the pair {f, T} satisfies the coincidence
point condition on Y and

6(fx,Ty) +5(fy>Tw)}

H(Ta, Ty) < max{||fa — fyl.0(fe, T2),8(Fy. Ty), .

+min{d(fz, T'z),5(fy, Ty), 0(fz,Ty),0(fy, Tx)} (2.1)

for all z,y € Y. Then C(f,T) # (. Moreover, F(f,T) # ( if one of the conditions
(a) — (d) of Theorem (2.1) holds.
Proof. Let {\,} be a sequence in (0, 1) such that A\, — 1. For n > 1, let

To(x) =Ty, (z) = AT+ (1 — A)g
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for all z in Y. As Y is g—starshaped, T(Y) is complete, T(Y) C f(YV), and f(Y) =Y
[resp. f is g—affine on Y], we have T,,(Y) C f(Y) and T, (Y) is complete for each
n > 1. Now consider,

H(Tnfany)

= MH(Tz,Ty)

< Apmax {||fgg — fyll, 8(fx, Tx),8(fy, Ty), 0(fx, Ty) —;— 0(fy, Tx) }
+Ap min{8(fz, Tx),5(fy, Ty),6(fx, Ty),(fy, Tx)}

< Apmax {||fx — fyll, d(fz, Toz), d(fy, Tny), d(fz, Thy) —;— d(fy, Tnhx) }

+An mm{d(f:z:, Tnx)v d(fy, Tny)v d(f(l?, Tny)v d(flh Tnz)}

for all z,y € Y, which implies that each T,, is a generalized multivalued (f, A\, An)—
almost contraction on Y. Hence, from Theorem 2.1 we conclude that fz, € Tz, =
ATz, + (1= \,)g for some x,, € Y. As fx,, = \yyn + (1 — Ay)g for some y,, € Tx,, C
T(Y), T(Y) is bounded, A, — 1 and

50, ||[fxn — ynl| — 0 and hence d(fzn,Txy) < || fzn — ynl| — 0. Since the pair {f,T'}
satisfies the coincidence point condition on Y, there exists a u € Y such that fu € Tu.
Thus C(f,T) # 0. Using arguments similar to those given in the proof of Theorem
2.1, it can be shown that F(f,T) # 0 if one of the conditions (a) — (d) of Theorem
2.1 holds.

Clearly an f-nonexpansive multivalued map 7' satisfies inequality (2.1), so Theorem
2.3 improves and generalizes Corollary 2.5 of Hussain and Jungck [9], Corollaries 3.2,
3.4 of Jungck [11], Theorems 2.2-2.5 of Latif and Tweddle [14], and Theorem 3 due
to Rhoades [16].

Corollary 2.4. Let Y be a subset of a normed space X, f : ¥ — Y and
T:Y — CL(Y). Suppose that Y is g—starshaped, f(Y) =Y [resp. f is g—affine on
Y], T(Y) is complete, T(Y) C f(Y), and f and T satisfy (2.1) for all 2,y € Y. Then
C(f,T) # 0 if one of the following conditions holds.

(e) T(Y) is bounded and (f — T)(Y) is closed.

(f) Y is weakly compact and f — T is demiclosed at 0.

Moreover F(f,T) # 0 if one of the conditions (a) — (d) of Theorem 2.1 holds.

Proof. (e) As in the proof of Theorem 2.3, fx, —y, — 0 as n — oo where
Yn € Txy. As (f —T)(Y) is closed so 0 € (f —T)(Y). Hence the pair {f, T} satisfies
the coincidence point condition on Y and the result follows from Theorem 2.3.

(f) As in the proof of Theorem 2.3, fa,, — y, — 0 as n — oo where y, € Tz,. By
the weak compactness of Y, there is a subsequence {z,,} of the sequence {z,} such
that {x,,} converges weakly to y € Y as m — oo. Since f — T is demiclosed at 0, we
obtain 0 € (f —T)y. Hence the pair {f, T} satisfies coincidence point condition on Y
and the result follows from Theorem 2.3.

Corollary 2.5. Let Y be a subset of a normed space X, and T : Y — CL(Y).

Suppose that Y is g—starshaped, T(Y") is bounded, T(Y) is complete, T(Y) C Y, T
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for
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isfies the fixed point condition on Y and
H(Tz,Ty)

5(z, Ty) +6(y, Tx
< max{”m—y||,5(m,Tx),5(y,Ty)7 ( 9)2 (y )}

+min{d(z, Tw), 6(y, Ty), 6(z, Ty), 0(y, Tw)}
all z,y € Y. Then T has a fixed point.
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