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Abstract. In this paper, common fixed points of a finite family of asymptotically ¢-demicontractive maps in

arbitrary Banach spaces are investigated. Strong convergence theorems of common fixed points are established.
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1. Introduction

Let K be a nonempty subset of an arbitrary real Banach space E and J the normalized duality

mapping from E into 2F ' given by

J@) = {f €E*: {x, f) = %I+ [lx]I* = 1117},

where E* denotes the dual space of E and (,) denotes the generalized duality paring. If E*
is strictly convex, then J is single-valued. In the sequel, we shall denote single-valued duality
mapping by j. A mapping 7 : K — K is said to be uniformly L— Lipschitian mapping with
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CONSTRUCTION OF COMMON FIXED POINTS 137
contant L > 1if |T"x — T"y|| < L|[x—y|| Vn € N. T is r—strictly asymptotically pseudocon-
tractive ( See for example [1]) with sequence {k,}>> | C [1,00), lim,ek, = 1 if Vx,y € K 3

Jj(x—y) €J(x—y) and a contant r € (0, 1) such that

((I=T")x=(I=T"yj(x=y)) 2 S(A=r)[|(I=T")x— (I~ )yl
1
(1) —5 (k= Dllx—y|*vneN.
T is said be asymptotically demicontractive with sequence {k,}; | C [1,0), lim,_ek, = 1 if

F(T)={x€K:Tx=x}#0andVxe K, pe F(T), 3 j(x— p) € J(x— p) such that

. 1 1
2) (x=T"x, j(x=p)) > S0 =n)llx=T"x]* = S (kg —1)]x—p[*vn eN.

[\

The class of r—strictly asymptotically pseudocontractive maps and the class of asymptotical-
ly demicontractive maps were first introduced in Hilbert spaces by Qihou [14]. Clearly, an
r—strictly asymptotically pseudocontractive map with a nonempty fixed point set is asymptot-
ically demicontractive. An example of a r—strictly asymptotically pseudocontractive map is
given in [13] while an example of an asymptotically demicontractive map is given in [12].

A mapping T : K — K is said to be asymptotically ¢ —demicontractive with sequence {k, }*>_, C
[1,00), lim, ek, = 1 if F(T) # 0 and 3 a strictly increasing continuous function ¢ : [0,00) —

[0,0) with ¢(0) = 0 such that
. . 1
3) (x=T"xj(x=p)) > ¢(lx=T"x) =Sk —Dlx—plI*.¥x €K, p € F(T),n €N,

The class of asymptotically ¢ —demicontractive maps was first introduced in arbitrary Banach
spaces by Osilike and Isiogugu [12]. In [12], it is shown that the class of asymptotically demi-
contractive map is a proper subclass of the class of asymptotically ¢ —demicontractive map-
s. Observe from (2) and (3) that every asymptotically demicontractive map is asymptotically
¢ —demicontractive with ¢ : [0,00) — [0, ) given by
o) = (1=
2
These classes of operators have been studied by several authors (See for example [3, 4, 5, 6,

7,10, 11, 12, 13, 14]. Osilike and Isiogugu proved the convergence of the modified averaging
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iteration process of Mann [8] to the fixed points of asymptotically ¢ —demicontractive maps.

Specifically they proved the following.

Theorem 1.1. [12] Let E be a real Banach space and K a nonempty closed convex subset
of E. Let T : K — K be a completely continuous uniformly L—Lipschitzian asymptotically
¢ —demicontractive mapping with a sequence {a,}>_, C [1,00) > Y(a2 — 1) < oo. Let {a,} be
a real sequence satisfying (i) 0 < &, < 1 (ii) ¥, 0, = oo (iii) ¥, o> < oo. Then the sequence

{xn}5_, generated from arbitrary x| € K by the modified averaging Mann iteration process
4) Xnt1 = (1—0)x,+ 0, T"xp,n > 1

converges strongly to a common fixed point of T.

Similarly, in [6] using the modified averaging implicit iteration scheme of Sun [16], gener-
ated from an x; € K, by x, = ot;x,—1 + (1 — 06,,)Tikxn, n>1,where l <n=(k—1)N+ii€
I=1{1,2,3,...,N}, Igbokwe and Udofia proved that under certain conditions on the iteration
sequence {a,,}, the above iteration process {x,} converges strongly to the common fixed point
of the family {T,}fi | of N uniformly L;—Lipschitzian asymptotically ¢ —demicontractive self
maps of nonempty closed convex subset of a Banach space E.

Recently, Su and Li [15] introduced the following iteration scheme and called it Composite

Implicit Iteration Process. From x; € K, the sequence {x, };_, is generated by

Xn = OpXy—1+ (1 - an)]}ynu

o= PBuxn-1+(1 —ﬁn)Tikxn?I’l > 1,

&)

where {a, },{B.} C [0,1], T, = Tumoan-

Motivated by the results of Su and Li [15], Igbokwe and Ini [4] modified the iteration process
(5) and applied the modified iteration process for the approximation of common fixed points
of a finite family of r—strictly asymptotically pseudocontractive maps. In compact form, the

modified composite implicit iteration process is expressed as follows:

Xp = OpXp—1+ (1 - O‘n)TikYn»

Yo = Buxa—1+(1 —ﬁn)Tikxn,n >1

(6)

where | <n=(k—1)N+ii={1,2,....,N}, {on,},{B.} C[0,1].
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Observe that, if 7 : K — K is uniformly L—Lipschitzian asymptotically ¢ —demicontractive

map with sequence {a,};_; C [l,o0) such that lim, ,.a, = 1, then for every fixed u € K

L
1+L>

)T (su+ (1 —s)T"x) satisfies ||S; 5.nx — Sr.sny|| < (1—1)(1—35)L?||x—y| ¥ x, y € K. Thus, the

and 1 € ( 1), the operator S;, : K — K defined for all x € K by S;,x = tu + (1 —
composite implicit iteration process (6) is defined in K for the family {T,}fi | of N uniformly
L-Lipschitzian asymptotically ¢-demicontractive mappings of nonempty closed convex subset
K of a real Banach space provided that {a, },{B,} C (n,1) for all n > 1, where n = HLL and

L= maxlgiSN{Li}.
2. Preliminaries

In this paper, we prove that the iteration process (6) converges to the common fixed points of
the finite family of N uniformly L—Lipschitzian asymptotically ¢ —demicontractive mappings
in arbitrary real Banach spaces. Our results generalize Theorem 1.1 and extend the recent result
of Igbokwe and Ini [4] from r—strictly asymptotically pseudocontractive maps to the much
more general class of asymptotically ¢ —demicontractive maps. Moreso, the theorem of Qihou
[14], a result of Osilike [9], Osilike and Aniagbsor [10] and several others in the literature are
special cases of our results.

In the sequel, we need the following.

Lemma 2.1 [11] Let {an};_;,{bn}_ and {8,};_, be sequences of nonnegative real num-
bers satisfying the inequality a,+1 < (1+ 6p)an +bp,n > 1. If Y7 6y < oo and Y, b, <
oo, then lim, . ay, exists. If in addition {a,};_, has a subsequence which converges strongly

to zero, then lim,,_..a, = 0.

Definition 2.1. Let K be a closed subset of a real Banach space E and T : K — K be a
mapping. T is said to be semicompact (see for example [1]) if for any bounded sequence {x,}
in K such that ||x, — Tyx,|| — 0 as n — oo, there exists a subsequence {x,, } C {x,} such that

Definition 2.2. [1]: A bounded convex subset K of a real Banach space E is said to have normal

structure if every nontrivial convex subset C of K contains at least one nondimetrial point. That
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is, there exists xo € E such that sup{||xo —x|| : x € C} < sup{||ly —x|| : x,y € C =d(C)} where
d(C) is the diameter of C.

Every uniformly convex Banach space and every compact convex subset K of a Banach space
E has normal structure. For the definition of modulus of convexity of E and the characteristic

of convexity & of E, see [1].

Theorem 2.1. [13] Let E be a real Banach space with normal structure N(E) > max(1, &),
& > 0, K a nonempty closed convex subset of E and T : K — K a uniformly L—Lipschitzian

mapping with L < a,oc > 1. Then T has a fixed point.

3. Main results

Lemma 3.1. Let E be a normed space and K a nonempty convex subset of E. Let {T,}f/: |
be N uniformly L;—Lipschitzian self mappings of K such that L = max{L;},L; the Lipschitzian
constant of T;,i = 1,2, ...,N. Let { &, },{Bn} be sequences in (0,1] such that (i) ¥, (1 —a,) =
too (i) Yoo (1 — ay)? < +oo (iii) Yoo, (1 — B,) < +oo. For arbitrary x| € K, generate the
sequence {x,} by y, = Buxn—1+ (1 — ,Bn)Tikxn, Xn = OuXp—1+ (1 — Ocn)Tikyn, n>1,wherel <
n=(k—1)N+ii={1,2, .., N} Then ||Tix, — x| <2[1+L2+2L*(2+L)]||T*x, — x4|| +
2L||Tik*1x,,,1 — X1 || +4(1 = ;) L2[1 +2L(1 +L)]|x, — x—1]|-

Proof. Putting A;, = ||x, — T/x,||, we have

||xn_Tian < )Lin‘i‘anL)Lin—l+(1_an)Lzl‘Y}kyn_Ekxn+Ekxn_xn—IH

+(1 - aﬂ)LZHTiyn —Tixp+Tixp — x5 ||

< 2‘in + anL)Linfl +2<1 - an)LSHyn _xn” + (1 - an)LZHTl'kxn —Xpt+Xp — Xp—1 ||
+(1 = 04, L2 || Ty — X + X5 — X1 |
< (14 (1 = 04) LA Ay + LAjn—1 +2(1 — 0,) L[|, — X1 |

+(1- O‘n)LzHTixn —Xn|l +2(1 - O‘n)L3||yn — X,
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[1— (1= o) L2)||Tixy — xn]| < [14+LH i+ LAy +2(1 — 0t) L2 — X1 |
(7) +2(1 = 04) L3y — x4
Observe that

yn =2l < Glltn—t =yl + (1= ) [Ty —

< Ot =yl + (1= ) 1Ty = x| (1= 0) [y — 01 |
< (1= Ba)llT % — 1 | 4+ (1= ) | Ty — 21 |
< (1= Ba)lIT % =2l 4 (1 = Ba)lbon — 51| 4+ (1 = @)Ll yn — %1 |
+(1- O‘n)‘|]}kxn—1 — Xn—1|
< (1= B in+ (1= Ba) [0 = 21 ]| 4 (1 = 060) (1 = Ba) LI T — 2+ — 201 |
+(1 - an)HT}kxnfl - Tikxn + Tikxn —Xn—1 ||
< (1= Ba)in+ (1= Ba)llxn — xn—1 ] + (1 — ) (1 — ) LAin
(1= 0t) (1= Bu) L w1 | 4 (1 = 0 L300 = 201 | 4+ (1 = 06| To0 — 1 |
< (L= Bu)Ain+ (1= Ba) [lxn — xn—1 [ + (1 = &) (1 = B) LA
+(1 = 0) (1 = B) L0 — X1 ]| + (1 = @) L[|y — X1 [ + (1 = 0) Ai
+ (1 = o) [lxn = 201 |
< i+ (1= Ba)llxn — Xn—1]] + LAin
+(1 = Ba) Ll = xn 1| + (1 = o) L0 = xn—1 | 4 Ain + (1 = 0n) 50 — X1 |
® < (2+L)An+2(1+ L) — X1 .
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Substituting (8) into (7), we have
[1—(1 — o)L Tixp — x| < [14 L) Aiy + LAjn—1 +2(1 — 0,) L2 ||x — X1 |

+2(1 — o) L3 {24+ L) Ain +2(1 4+ L) ||xp — xp—1 ||}

IA

[1 —f—Lz]l,'n + LA —|—2(1 - Oc,,)L2||xn —Xp—1 H

+2L3(2+ L) Aip +4(1 — 0,) L (14 L) ||, — X1,

o=l < gy {4 D) + 1+ DT ]

LT = 4+ 201 = @)1+ 201+ L] oy — a1}

From condition (ii) lim, (1 — o) = 0, we find that there exists an N; > 0 such that Vn > Nj,

1—(1—a,)L?> % Therefore,

1Tt —xall < 200422422324 L)) T —

+ 2L || TF oy — 1 || +4(1 — @) L1420 (1 4 L)] |l — X1

This completes the proof.

Theorem 3.1. Let E be a real Banach space with normal structure N(E) > max(1,¢&y), € > 0,
and K a nonempty closed convex subset of E. Let {T,}iV: | be N uniformly L;—Lipschitzian
asymptotically ¢ —demicontractive self maps of K with sequence {a;, } € [1,00) such that Y, (ain—
1) <ocoforallicland F =Y F(T;) # 0 where F(T;) = {x € K : Tix = x}. Let one member of
the family {T;}Y_| be semicompact. Let {at,} C (0,1),{B,} C (0,1] be two real sequences sat-
isfying the conditions; (i) Yoo (1 — 04,) = o0 (ii) Yoo (1 — 0t,)? < 400 (iii) Yoo (1—B) <
+o0. (1 —04,)(1 — By)L? < 1 Vn > 1 where L > 1 is the common Lipschitz constant of {T;}Y_|.

For x| € K, let {x,};;,_, be the modified implicit iteration sequence defined by

Xp = OpXp—1+ (1 - O‘n)Tikyn?

Yn = ﬁnxnfl + (1 —ﬁn)Tl-an,n >1,

€))

where n = (k—1)N + i, i = {1, 2, ..., N}, then (a) lim,_« ||x, — p|| exists for all p € F. (b)
liminfy, e ||x, — Tixy|| = 0. (c) {xa}r_, converges strongly to a common fixed point p of the

mapping {T;}Y_, if there is a subsequence {xn; 1721 of {xn}y_y which converges strongly to p.
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Proof. It is well known (See, for example, Chang [2]) that the inequality
(10) e 117 < Jlxll* + 20, (e + )

holds for all x,y € E and j(x—y) € J(x—y). The existence of fixed points for each 7; follows
from Theorem 1.2. Let p € F, then, using (9) and (10), we have

Hxn_sz < ar%Hanl_p”2+2(1_an><Tikyn_p7]‘(xn_p)>
= 0|1 = pI* +2(1 — @) (T 9n — T xn, j(xn — p))

+2(1 = 0)(T}x0 = p, j(xa — p))

< o llxn—1 = pIIP +2L(1 = 0 lyn — Xall [l — Pl +2(1 — 00) (xa — . j(xn — P))
+2(1 = 06) (T} %0 = %0, j (X0 — p))
= 02 [xu1 — pI* +2L(1 — ) ||yn — xall[Pn — Pl +2(1 — o) 0 — p||>
(11) —2(1 = ) (6 — T%, j (60— p)).

Now, T; : K — K 1s asymptotically ¢ —demicontractive. For each 7;, we have
. 1
(n = T3, j (0 = ) 2 9i(|ltn = Tixall) = 5 (@, = Dben = p1*
Choosing ¢ () = minj<;<y{@:(¢)} so that

||xn_P||2 < O‘r%Hxnfl_P||2+2L(1_O‘n)H)’n_xn”Hxn_PH+2(1_O‘n)Hxn_sz

1
(12) —2(1 = o) {@([loen — T ) — E(a?n — 1)[lxa — plI*},
(13) o —xnl| < Ba(1— O‘n)HTikyn — X1 ||+ (1= B) |0 — Tikan>
and

1Ty —xu1]l < 1T — pll + %=1 — p||
< LI(Ba(xa—1 — p) + (1 = Bu) (Txu — p)|| + || x0—1 — P

(14) < (LBn"‘l)Hxnfl_p||+L2(1_Bn)||xn_p”-
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Substituting (14) into (13), we obtain

lyn =xall - < Ba(t = ) {(LBu+ )lPxn—1 = pll +L*(1 = Ba) [lxa — plI}
+(1 = Ba)lPn — T
= Ba(1 = 0t) (LB + 1) [lxn—1 = pll +L2Bu(1 = 0) (1 = By)[Pxn — pl|
(1= B llxn — T
B (1= 0) (LB + 1) |[xa—1 = Pl + [Ba(1 — o) (1 — Bu) L?

(15) +(1 = Bu)(LA+ D]llxn = pl-

IN

Substituting (15) into (12), we obtain

ou =l < @2lsut = pIP 42101 — ) {Bu(1— @) (LB + 1) s —p
B0~ o) (1= )L+ (1= Ba) (Lt D]l H e — ]
201 = 0l pIP =201~ ) {0 (v — Tl — 5 (a3~ Dl I}
= 2l pl> +2LB (1~ ) 2(LBu + Dl — plls ] +
+2Ba(1 = 00)* (1= B) L2 +2(1 = o) (1 = B) (L+ 1)L

+2(1 = 04) + (1 = o) (@, = D)l [bin — p 1> = 2(1 = 06) @ ([l tw — T3],

[1-2B,(1 _ﬁn)z(l _ﬁn)L3 —2(1—a)(1 = Bu)(L+ 1)L —2(1 — o)

—(1—=0g)(a, — D]l — plI* < o7 |lxa—1 — plI?

(16) 2L B(1 = 02 (LBy + Dllas — plllen — ol — 201 — ) (s — Txa).
2 2
o 2LB(1 — )2 (LB + 1
ba—plP < By —plp 4 2P0 O Bt D —
Ky Ky
2(1

—
Z202%) 4 — T ),
Kn
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where K, = 1 —28,(1 — a,)*(1—Bu)L> —2(1 — ;) (1= B) (L+1)L—2(1 — ty) — (1 — o) (a2, —
1),

- 2LB,(1 — 04)*(LBn + 1
on—pl? < (1 2 g — p2 4 2B OB )

2(1 —ap
%Mxn—nkxnm,

||xn71 - ||xn _PH

7)

where A, = o2 — 14+ 2B,(1 — o) (1 — B) L3 +2(1 — o) (1 — B) (L+ 1)L +2(1 — 0,) + (1 —
o) (a2, — 1). Since 1—2,(1— ) 2(1 = B)L3 —2(1 — 6)(1 = B)(L+ 1)L —2(1 — a,) —
(1—ap)(ad,— 1) = 1 (1— @) [2B,(1 — o) (1 — Bu)L® +2(1 — B) (LA DL+2+ (ad, — 1)),
and condition (ii), we have lim,_,(1 — o;,) = 0. So there exists a natural number N, such that

Vn > N,

1-2B,(1—04)*(1 = B)L> —2(1 — 04,) (1 = B )(L+ 1)L —2(1 — 04)) — (1 — ot ) (a2, — 1) > =.

| =

It follows that

b= pl? < (14200 = 142B,(1 - @) (1 = )L
+2(1 = 06) (1= Ba) (L+ 1L +2(1 = o) + (1 = ) (az, — D)) [lxa—1 = 1>
+4LB, (1= ) (LB, + 1)1 = pll s = pll =201 = 0) (IFva = T
= [12(1 = 0)* +2Bu(1 = &) *(1 = By)L?
+2(1 = 04,) (1 = B)(L+ 1)L+ (1 = o) (@, = D] a1 =
(18) +4LB, (1 = 02 (LBy+ D)lla—1 = plllva = pll =2(1 = )6 (Ihta = Tx] ).

Considering the second term on the right hand side of (18), we have

X2 = pII> = Owlxa—1—p,j(x—p))+ (1= ) {Tyn — p, j(x—p))
= O‘n<xn—l—Paj(X—P>>+(1_O‘n)<7;kYn_7}kxnaj(X_P)>

+(1— o) (Tfx, — p, j(x— p))

IA

O 11 = Pl |20 = Pl + L1 = 0)[[yn = xa[[|x = Pl

(19) +L(1 — o) [0 — p||*.
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Substituting (15) into (19), we obtain

bon — p1?

IN

Ot |Xn—1 = Pl = pll + L1 = 06){Ba (1 = &) (LB + 1) [xn—1 —
H[Ba(1 = 0t (1 = Bo)L? + (1 = Ba) (LA 1] [xa = p I} [0 — Pl +L(1 = &) | a — |
= allxa1 = plllPon — pll+LBu(1 = 0)* (LB + 1)l [xa—1 — pll|xn — pll

HLBu(1 = 0)* (1= By) +L(1 = 0) (1 = Ba) (L4 1) +L(1 — o)) |2 — P,

1 _L3Bn(1 - an)z(l —Bn) = L(1 = 04,)(1 = B)(L+1) = L(1 —Oc,,)]||xn—p||2 <

0101 = pll1[xn = pll +LBa(1 = 0)* (LB + 1) lxa—1 — pll||x0 —
and
1 _L3ﬁn(1 - O‘n)z(l —Bn) = L(1 = 04,) (1 = Bu) (L+1) — L(1 — o)} [|xn —p||2 <
{0 + LB (1 - O‘n)z(Lﬁn + 1) Hxa—1 = pll[[x: — Pl

Hence, we have

o+ LBy(1 —a,)> (LB, + 1)

(20) %, — pl* <

-1 = Pl [l = pII,
where
W = 1= L*By(1 = 04)*(1 = By) —L(1 = 0) (1 = Bu) (L +1) = L(1 — ).
Since limy, (1 — 04;) = 0, we see that there exists a natural number N3 such thatV n > Ns,

L= LBu(1 =) (1= Ba) = L(1 = o) (1 = Bu)(L+1) —L(1 — ) =

1— (1= o) {L’Bu(1 = Bu) + L(1 — Bu)(L+ 1)+ L} > %

It follows that

21 b —pll < 2{om +LBu(1 — 0)* (LB + 1) }xu—1 — pll.
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Substituting (22) into (18), we obtain

o= pl? < (14201 = )+ 2B,(1 - 0)2(1 = Bo)L’

+2(1=a)(1 = Bo) L+ DL+ (1 = ) (@, = D]} -1 =l
FALB,(1 = 0 (LB, + 1) %01 = plI{2{ 0+ LBu(1 = 0) (LB, + 1} 01 =}
21— )9 ([lva =Tl

= (14200 = 00) 4+ 2Bu(1 = 00)(1 = B)L>+2(1 — @) (1 = B)(L+ 1)L
(1= o) (@ = D a1 ]
+8LBu(1 — o) *(LBy + {0+ LBu(1 = 0)*(LBy + 1)} a1 — p?
21— )9 ([lva =Tl

= (14200 = 00) 4+ 2Bu(1 = 00) (1 = B)L>+2(1 — @) (1 = B)(L+ 1)L
+(1=a)(@—1)

+4LPB (1 — O‘n)z(lﬁn + 1){O‘n + LB (1 — O‘n)z(Lﬁn + 1)}” X1 —P||2

@ =20-a) (I -Tal),
23) b= pIP < [T+ Sull1 = pI* =21 = 0)9 (Il — Tnll)
where

Sn = 2[(1—0ty)*+2Bu(1—ay)*(1 = B)L> +2(1 — 0o, (1 — Bu) (L+ 1)L

(1= 0 (@ — 1) +4LBa (1 — 02 (LBa+ 1){ 0+ LBu(1 — )X (LB, + 1)}].

From conditions (ii) and (iii), we have };° | 8, < co. Thus using Lemma 2.1, it follows that
lim ||x, — p|| exists and {x,} is bounded. This completes the proof of (a). Since {x,} is bound-
n—yoo

ed, we have there exists M > 0 such that ||x, — p||> <M ¥n > 1. It follows from (24) that
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201 =09 (I =Txll) < [1+ Sulllnt = pIP = 1 — pI?

2Y (=)o (= Tixll) < X1 —plP =l —pIP]+ X 8l — pl?
— j=1

j=1 j=1

2 Y (-a)o (I -Tfll) < lwv—plP+M Y &<
J=N+1 j=N+1

Condition (i) implies lirllgi;lf ¢ (||x, — TXx, ) = 0. Since ¢ is an increasing and continuous func-
tion, then li;gigf“xn —TFx,|| = 0. Since {x,} C (0,1), r}g{}o ||x, — p|| exists and {x,} is bounded,
by Lemma 3.1, li}giorolf ||, — Tixu|| = 0. Thus completing the proof of (b). Since one member
of the family {7;}%, is semicompact, {x,}?_, has a subsequence {xn;}7-; which converges
strongly to p and since nlgl‘}o ||x, — p|| exists also, then by Lemma 2.1 r}glgo |x, — p|| = 0. This

completes the proof.

Remark. (1) Our results complement and generalize the result of Su and Li [12].

(2) Setting 3, = 1, the iteration scheme (6) takes the non-implicit form:

(24) Xo = Opxu 14 (1— o) TFx, 1.

In the case of N = 1, (24) becomes the modified Mann iteration process in [8] given by
Xn = Opxp—1+(1— OC,,)Tkxn_l.

In such case, the results of Osilike and Isiogugu [12] become special cases of our results.

(3) Theorem 3.1 extends the result of Igbokwe and Ini [4] from r—strictly asymptotically pseu-
docontractive maps to the much more general class of asymptotically ¢ —demicontractive maps.
(4) In general, Theorem 3.1 extends several results in the literature from asymptotically demi-
contractive maps to the more general class of asymptotically ¢-demicontractive maps (see for

example [3, 9, 10, 11, 14]).
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