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Abstract:

Throughout this paper, a generic iteration algorithm for a finite family of total asymptotically quasi-
nonexpansive maps in uniformly convex Banach space is suggested. As well as weak / strong convergence
theorems of this algorithm to a common fixed point are established. Finally, illustrative numerical example
by using Matlab is presented.
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Introduction:

The nonlinear equations T(x) = yappearing  of this algorithm to common fixed points of the
in physical formulations can similarly be  maps in uniformly convex Banach space.
transformed into a fixed point equation of the form Definition(1): Amap T: B — B is called :

x = Fx. An approximate fixed point theorem is i-Nonexpansive map[1] if ||Ta — Th|| < |la — b]|
applied to get results on existence and uniqueness of  foralla,b € B.
such equations’ solution. To decide whether an  ii-Quasi-nonexpansive map [2] if F(T)#

iteration method is useful for application, it is of @ and ||[Ta — a*|| < ||a — a*|| for all a € Band
paramount importance to answer the following foralla* e F(T).

question: Does it converge to fixed point of an iii-Asymptotically nonexpansive[1] if there is a
operator? sequence (f;,)in [0, +o) withlim,,_,, f, = 0 and
Throughout this paper we examine essential IT"a —T"b|| < (1 + f,)l|la — b|| foralla,b € B

concept based on the above question for a new andn=1,2..
finite-step iteration algorithm when applied to finite iv-Asmptotically quasi-nonexpansive map [3] if

family of total asymptotically quasi-nonexpansive F(T) # @ and there is a sequence (f,,)in [0, +o0)
maps. Fixed point iteration algorithms may exhibit  withlim,,_,, f,, = 0 so that

radically different behaviors for various classes of IT"a —a*|| < (1 + f)lla = a*||,foralla € B,a*
maps. While a particular fixed point iteration € F(T)andn=1,2 ...

algorithm is convergent for an appropriate class of  \._Total asymptotically nonexpansive map [4] if
maps, it could not be convergent for others.  there are null sequences of nonnegative real number
Therefore, it is important to determine whether an ()21, (9) %21, n = 1 and nondecreasing
iteration algorithm converges to fixed point of a  ¢ontinuous function v: [0, %) — [0, ) with

map. In this field, there are numerous works ¥(0) = 0, forall a, b € B so that

regarding convergence of various iteration methods,  |17nq — || < |la — bl + £¥lla — bl + gn.

as one can see in (1-13). Let M be a Banach space,  yj-Total asymptotically quasi-nonexpansive map if
B subset of M and T be a selfmap of B with set of  p(1) % g andthere are null  sequences of

iteration algorithm for a finite family of total o0 o0

asymptotically quasi-nonexpansive maps and give Z fo, < 0 and Z gn, < o ,and nondecreasing
appropriate conditions for strong/weak convergence ~ =

1
Department of Mathematics, College of Education for continuous function : [0, ) — [0, ) with
Pure Sciences (Ibn Al-Haitham), University of Baghdad, Y(0) = 0, forall a € Band a* € F(T) so that
Baghdad, Iraq. IT"a —a*|| < lla = a’|l + fulla —a’|| +
. . i . = n In-
Corresponding author: salwaalbundi@yahoo.com vii-Uniformily K-Lipschitzain [5] if there is a

constant K > 0 forall a,b € B, so that
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IT"a —T"b|| < K||la — b|
Note(2):
Nonexpansive = Asymptotically = Total asymptotically
nonexpansive nonexpansive
3 3 g
Quasi— = Asymptotically quasi = Total

nonexpansive — nonexpansive asymptotically

quasi — nonexpansive

Definition(3)[6]: A Banach space M is called
satisfying:
i-Opial’s condition if any sequence (a,) in M, is
weakly convergent to a implies that
lim,,_, o inf ||a,, — a|| < lim,,_, inf ||a,, — b]| for
allb € M with a # b.
ii-Kadec-Klee property if each sequence (a,) in M
converging weakly to (a) jointly with |la,l|
converging strongly to |la|| imply that (a,)
converges strongly to a point a € M.
Definition(4)[7]: A map T:B — M is said to be
demiclosed with respect to b e M if for any
sequence (a,)in B, (a,) converges weakly to
aand T(a,) converges strongly to b. Therefore
a€BandT(a) =b. If (I —T) is demiclosed i.e if
(a,) converges weakly to ainB and (I —T)
converges strongly to 0 . Hence (I — T)(a) = 0.
Lemma(5)[8]:Let(un)n=1, (5n)n=1 and (ex)n=1
be sequences of non negative numbers
accomplishing the following inequality:

Hnt1 = (1 + 671)/"11 tep,Vn =z 1

if Yoo 6p <0and Yp— e, < o, then
(a,)is bounded and lim,,_, iy, exists.
Additionally if lim, . infa, =0, then

lim,_,q ptp, = 0.

Lemma(6)[9]: Let M be a Banach space and
p > 1and K > 0 be two fixed numbers. Then M is
uniformly convex if exists a continuous strictly
nondecreasing and convex function (:[0,0) —
[0, ) with {(0) = 0 so that

lwa + (1 — w)b|? < wllall? + (1 — )b
—xp(w){(lla — bl[)for each  a,b € Bx(0) =
{a € M:||a|]| < K}and w € [0, 1], where

Xp(w) = w(l—w)? +w(l-w)
Lemma(7)[10]: Let M be a real reflexive Banach
space with its dual M* accomplishing the Kadec-
Klee property. Suppose that (a,,) bounded sequence
in M so that lim,,_,||ta, + (1 — t)p; — p,|| exists
vt € [0,1] and py,p, € W,,(a,), where W, (a,)
attend to a set of all weak subsequential limits of
(an), thenp; = p,.

Lemma(8)[11]: LetM be a uniformly convex
Banach space,® +# B € M . Therefore there is a
strictly ~ nondecreasing  continuous  function
f:10,00) = [0,00) with f(0) =0 so that each
lipschitzain map T: B — B for lipschitz constant K:
|[tTx + (1 — )Tz —T(tx + (1 — t)z||

1
< Kf (Il =2l = T2 =721,
V x,z € B and Vt € [0,1].
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Main Results:

Let B be a nonempty closed convex subset of a
Banach space M, Tj: B - B,Vj = 1,2, ..., k be total
asymptotically quasi-nonexpansive maps. The
iteration algorithm (a,,) is defined by:

a, €B

ane1 = (1 — agn)a, + aknTl?bkn

bkn = (1 - akn)an + aknTI?b(k—l)n

bie—1n = (1 = A—1)n)@n + Ak—13n TR 1D k—2)n

byn = (1 — azn)ay + aznT3'bip
bin = (1 — ayp)an + a1, T{'bon ey
where by, = a,, forallnand (a,)y=q IS asquence
in [0,1].
Lemma(9): Let M be a Banach sapace @ # B € M,
T, j=12,..,k be a family of total
asymptotically quasi-nonexpansive selfmaps of B.
Suppose n?":lF (T;) # @ and the sequence (a,) be
asin (1). Then
i-There are sequences (u,)and (v,)in [0, ) such
that YXo—q up = Yy U < 00 and

lanss = all < (1 + ) *lan — a’l +

17111'+1,
k
Va'e ﬂF(Tj) and Vv n.
j=1
ii-There exist constants Q,Q, >0 such that
lansm —a’ll < Qillan —a*ll + Q;,Va* €
N, F (T;) andn,m = 1,2, ... Suppose that there
isZ >0 suchthaty(d;) < Z4;, j=1,2,..,k.
Proof:
i-Leta* € ﬂleF (Tj),un = max;<j<k fjn and
Vp = MaX;<j<k Jjn, SINCE
Y=t fin <0 =¥ Uy <cand Yl gjn <
= Yin=1Vn < .
Now,
b1 — a’ll < (1 — ayn)llan, — a|l
+ ayullT an, — a’||
<1 -ayllay —a’l
+ aln{”an - a*”
+ fin¥(llan — a”lD) + g1n}
<A -agpllan —a’l
+ a1 {1 + fin2llan — a”ll
+ g1n}
< (1 + alnfan)”an - a*” + X1nG1n
< (I +uplla, —a*ll + vy,
Assume that ||bj, —a*|| < (1 +up) lla, — a*ll +
vy . Then,
[b¢is1m — @’ < (1 = agsaym)llan — a’ll
+ asnl| T bn — @
< (1-agsnn)lla, —a*|l
+ agsn(1+ fgennZ) || b

- a*|| + @G +ndj+1)n
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< (1= agnm)llay, — a’||
+ a(j+1)n(1 +u,)(1+ un).j”an
—a* |l + ag+n(1 +up)vy
+ a(j+1)nvn
< (1 +up)*a, —a*|l + vt
Thus, by induction , we obtain
bjn — a”|| < A + up)llay — a*ll + v;

forallj =1,2,... k. .. (2)
Now, by (2) we have
llan+s —a’|l

<(1- ajn)llan —a’|| + ajn”Tj”bjn —-a*
< (1= ajp)llay, — a’|
tajn{(1 + finZ)||bjn — a*[| + gjn}
< (1 - ajn)”an - a*” + ajn(:'l- + un)(l + un)j
llan, —a*|l + aj (1 + un)v7]1 + ajpvn
< (1= ajn)lla, —a’|
j+1
jG+1) ...(j+2—m)um
m! n

+(Zjn 1+
m=1
* j+1 *
llay — a*ll + vy lans, — a’|l
j+r .
](]+1)...(]+2—m)um

<{1+ o~ m

m=1
la, —a*|| + v)*! _
< (1 +u)* Y a, —a*|| + v}
ii-From part (i), we obtain
”an+m - a*“ < (1 + un+m—1)]+1”an+m—1 - a*”
+ UJ+1
n+m-—1
< e(1+un+m—1
+ e”ﬂjnﬂ
< e(j+1)(1+un+m—1)”an+m—1_a*||

)]'+1||an+m—1—a*||

+ eU+Dvnim—
< e+ Dunym-1llansm-1-a’ll
+ e+ Dvnim—
<UD k|| g, — a¥||

IPNEED) st

< Qillan —a*ll + @,

Lemma(10): Let M be a uniformly convex Banach
space, p#B <M and T;,Vj=1,2,..,k be a
family of total asymptotically quasi-nonexpansive
selfmaps of B. Assumen’_, F (T}) # @ and (a,)
be as in (1). Then lim,,_|la, — a*|| exists for all
a* € NK_L F (T)).

Proof: By using Lemma (9.i)

lanss = a’ll < (1 +up) *Hlay —a'll + v

<A +upllay —a*ll + vy

and Y1 Uy < 00, Xl q Uy < 0.
So by Lemma (5), we get lim,,_,||a,, — a”|| exists
forall a* € N_, F (T)).
Lemma(1l): Let M be a real Banach space, @ +#
B<S M and T,,vj=12,..,k be a family of
Lipschitzain and total asymptotically quasi-
nonexpansive selfmaps of B. Let (a,) be as in (1),
for all aj,a; € N_, F (T)), then lim,_.llta, +
(1 —t)aj — a3|| exists for each t € [0, 1].
Proof: By Lemma (5), lim,,_,»||a, — a|| esists for
all a* € N¥_, F (T;) and (ay,) is bounded. Letting
Y (t) = |Ita, + (1 —t)a; —a3]|| for allt € [0,1].
Then, lim,,_,o, ¥, (0) = |la] — a5|| and
lim,_,0 ¥ (1) = ||a, — a3|| exist by Lemma (10).
Therefore, for ¢ €[0,1]andforalla € B, we
define the map R,,: B = B by :
bin = (1 —ap)a, + alnTlnbOn
bon = (1 — azp)ay + azn Ty by
bjn = (1 = @jn)an + anT}*b(j-1)n
Rya = (1—ajy)a + a;p,T'b;
Now,
IRpa — Rpxll < (1 — ajp)lla — x|
+ ajn (1 + finZ)||b; = vl
+ Ajngjn
< (1—ajn)lla— x|
+ @ (1 + ) (1 + up)Jla — x|l
+ ajp (1 + un)v,]1 + ajp vy
< (1 + up)*ja — x| + v] ™
<A+u)lla—x|| +v,
withY o u, < o0,¥> v, <ands, =1+ uy,,
it follows that s,, » 1 as n — oo.
Setting Wy, . = Rpym—1Rntm-1 - Ry, and by py =
”Wn,m(tan + (1 - t)a; - (th,man(l - t)a;) |
Thus,
[Woma — Wa,mx||
= ||IRn+m-1Rn+m—2 - Rn(@)
— Rytm-1Rnim-2 - Ru (@)l
< Spem-1llRnem—2 -+ Rn(@) = Rpgm—z - Rp ()|

+Vnim-1

n+m-—1 n+m-—1
< [] sle-x+ > »

i=n i=n
n+m-1
= Aulla—xl+ ) v
i=n

for alla,x € B,where A, = [T sy, Wy man =

Apimanda* = a* foralla® € ﬂleF (T])
Hence, ¥nm(t) = lltanm + (1 — t)ag — az|

tWpman + (1 —t)a; —ay + Wy, (ta, +
1-t)aj)—a,+a" —a"
_Wn,m(tan +(1- t)a;) - a;
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<bym+ ||Wn_m(tan + (1 —-1t)aj) —a;

n+m-1

< bn,m + Anyn(t) + Z Vi
i=n
by using Lemma (8), we have
1
bn,m < Kf_l(”an - a*” - E ”Wn,man - Wn,ma*”

1
<Kf'(lap —a’ll - % (ansm —a’ll
- ”Wn,man —a )
and so (b, ) converges uniformly to zero. Since
lim,_ ., A, = 1and lim,_ g, = 0, we get
lim supypym (8) < 1im by + lim infyn (6)
= lim infy, ()
thus lim,,_, ., ¥, (t) exists for all t € [0,1].
Theorem(12): Let M be a Banach space, @ # B ©
M and Tj,foreachj=1,2,..,k be a family of
total asymptotically quasi-nonexpansive selfmap of
B. Suppose that N_, F (T;) # @ and (a,,) be as in
(1) convergence strongly to a common fixed point
of T; iff lim,_, inf d(a,, F) = 0,where
d(a,F) = infgrerlla — a”|l.
Proof: To show lim,,_,, inf d(a,, F) =0 lead to
(a,,) convergence strongly to a common fixed point
of T;,foreachj =1,2,..,k, by (2)
d(@ns1,F) < (1 +u)*d(an, F) + v,
<1 +uyd(a,F)+v,
by Lemma (5), we obtain lim,_ a, exists and
lim,,_,. infa, = 0. Hence lim,,_,, a, = 0.
Now to prove the sufficiency, first show that (a,)
cauchy sequence. By using Lemma (9.ii), we get
lan+im — @Il < Qilla, —a™|l + Q; - (3)
VYa* € ﬂ};lF (T;),n=m = 1,2, ..since
lim,_,, a, = 0,Ve > 0,3N such that

d(an,F)Si—&, vn =N
30 Q1
hence, there is h € F(T;) such that
llay — hl| si—& .. (4)
200 O

from (3) and (4), vn = N, we get
”an+m - an” < ”an+m - h” + ”an - h”
< Qillay — hll + @
+Q4llay — kIl + Q2

SQ1ZLQ1_Q2+Q2
+Q1ﬁ—Q2+Q2
=€

Then (a,) is a cauchy sequence and converges to
b e€M. To show b € F(T;),forany e* > 0 such
that

lla, — bll

657

*

€ 39;
< - v ..(5)
22+ £z) (2+f2)
since lim,_ a, = 0 implies that N, > N; such
6*
that d(an,F) < 3(4+—3sz),\7’71 >N,

then 3h, € F(T}) such that

nZNl

llay — hyll <

2(4+3f;2) - (8)

From (5) and (6) for any T;, we obtain
ITib = bl < |Tjb = ha | + 2| Tyan, — ha |
+ [law, = ha| + flan, B
< lIb =Rl + fpllb = hyll + g;
+2[an, — ]| + 2] an, —
+29; + |lax, — hu | + |y, = ]
<(1+£2)Ib - hyll
+2(1+ £,2) lan, — ]| + 39,
+ lan, = hal| + [|a, = b
< (1+fiZ)|a, - b]|
+ (1 +£i2)||an, = hl|
+2(1+ fZ)|lan, — ha|| + 39;
+ [law, = ha| + [lan, = B]
< (2+fiZ)|a, - b
+ (44 3ij)*||aN2 — || + 39,

<(2+fZ) —3g; + 3y,

*

¢
22+ f;Z)
+ (4 +3f;Z)

€
24+ 312)  ©
Therefore, ||T;b — b|| = 0 vj. Thus b € F(T;).
Theorem(13): Let M be a real Banach space,
@+BcM, T,foreachj=1,2,..,k be a
uniformly continuous total asymptotically quasi-
nonexpansive selfmaps of B and the sequence (a,)
be as in (1). Suppose that there is
Z > 0 such thaty((4;) < Z4;,j = 1,2, ..., k. Then
limy, o0 || @y, — T/ ay || = 0.
Proof: By Lemma (10) lim,,_o|la, — a”|| exists .
Assume that

r{i_)nolo”an —a’l[=c,
If ¢ = 0, so no prove is needed.
Now assume ¢ > 0.
ans1 = (1 —ajp)a, + ajnTi"bjn
by Lemma (6), we have K; > 0
laner = al1? < (1= @) llay — a’|I?
+ ajn{||bjn — a”
+ fintbllbyn — @[l + gju}’
= x(am )< (|7 — anl])
lan — a*lI> + (fin

+ gjn)Kl_EZ((”Tjnbjn - an”)

Vc = 0.

IA
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Then,

e*¢([|T7bn — an)

< llag — a*I? = llanss — a’11? + (fjn + gjn)Ka
that implies

&2 > ¢([177bm — el

n=1

<llan =@ l2+ K ) (fin + gjn)
n=1

<o
Hence, limy,,, {(||T}* by, — ay|) = 0, then
lim ||Tj"bjn —ay||=0.
n—-oo

Next,
1B = anll
< (1-an)llay — anll + ajn||7}'nb(j—1)n — |
< &jn(1 + finZ)|bgj-1n — an|l + @ngn
< ajn(l - a(j—l)n)(l + fjnZ)”an — anll
+ajnag-nn(1+ fjnZ)”Wilb(j—Z)n — |
+ ajngjn
< tnajom (1 + finZ) (1 + fj-1nZ)
[b¢-23n = anll + @nai-1yn(1 + finZ)
g(j—l)n + ajngjn
< tjnj_y (1 + finZ)(1 + fj—1nZ)
v (L4 fin2) llag — anll + @j_1 (1 + finZ)
g(j—l)n + .- a’jnaj_l ...al(l + f}nZ)
(1 + fj-pnZ) - (A + finZ)
diG-n - 9in + AinGjn
< o0
since  Yp-qfin <oand Y7 gjn < o,
limy, o, || bjn — an|| = 0.
Then,
”Tjnan —ay| < ”Tjnan - Tjnbjn” + ”Tjnbjn — an||
- 0asn - oo.
Theorem(14): Let M be a real unformily convex
Banach space, # BS M and T;,foreachj =
1,2,..,k be a family of lipschitzain and total
asymptotically quasi-nonexpansive selfmaps of B.
If the dual space M of M has the Kadec-klee
property and maps I — Tj, Vj is demiclosed to zero,
then the sequence (a,) be as in (1) converges
weakly to a common fixed point of T;.
Proof: As proved by Lemma (10) that
lim,,_,o|la, — a*|| exists. Since (a,) is bounded in
B and M is reflexive .
Then, there is a subsequence (ay;) of(a,) that
converges weakly to a point a* € B. By Theorem
(13)
limyo||an — Tl'ay|| = 0, for all j=1, 2,..., k
.Since by the hypothesis the maps I —T;, j =
1,2, ..., k is demiclosed to zero.

hence
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Therefore, a* € F(T;). Now, to prove (a,)
converge weakly to a point a*.Assume that (a,;) is
another subsequence of (a,) that converge weakly
to a point b* € F(T;). By same argument as above,
we obtain b* € F(T;).Then by Lemma (11)
lim,,.llta, + (1 —t)a® — b*|| exists forallt €
[0,1].By Lemma (7 ) a* =b*. Hence, (a,)
converges weakly to the point a* € F(T;).
Theorem(15): LetM be a uniformly convex
Banach space, @ # B<S M and T;,foreachj=
1,2, ...,k be a family of total asymptotically quasi-
nonexpansive selfmaps of B. If M accomplishes
Opial 5 condition and the maps [—T;,Vj=
1,2, ..., k is demiclosed to zero, therefore (a,,) be as
in (1) converges weakly to a common fixed point of
T;,foreachj=1,2,..,k.

Proof: Let a* € F(T;). As proved in Lemma (10)
lim,_lla, —a”|| exists.

Now, we must prove that (a,,) converges weakly to
a unique weak subsequential limit in F(T;).Since
(a,)is bounded sequence in M, there exists
convergent subsequence (a,;) of (a,) converges
weakly to a* € B. From Theorem (13), we
have lim,_,||a, — T*ay|| = 0,for  each  j=1,
2,...,k. Since by the hypothesis the maps [ —
T;,foreachj=1,2,..,k is demiclosed to zero,
hence Tja* = a” , that means a* € F(T;). Now to
prove (a,) converge weakly to a*. Assume there is
a subsequence (ay;) of (a,,) converges weakly to
b* € F(T;) and a* # b*. By the same argument as

above we can show b* € F(T;).

To belay the unigueness, assume a* # b".
Therefore by Opial s condition:

lim||la, —a*|| = lim ||anj —a*

n—-oo n]—)OO

<1y oy = b

= liInni—»oo“ani - bl

< 1imni—>oo||ani - a*”

= 1imn—>oo”an - a*”
This is contradiction, soa* # b* .
converges weakly to a*.

Hence (a,)

The following corollaries as particular cases of total
asymptotically quasi-nonexpansive maps are now
obvious.

Corollary(16): Let M be a Banach space, @ # B <
M and T, j=12,..,k be a family of total
asymptotically nonexpansive selfmaps of B.
Spposse  F(T;) # @ and Xy fy < 0, Lty gn <
co. Suppose that (a,) be as in (1) converges
strongly to a common fixed point of T; iff
lim, . inf d(a,,F) = 0,where d(a, F) =
infererlla —a’|l.
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Corollary(17): Let T;,B, f,and g,V j = 1,2, ..,k
be as in corollary (16). Therefore, (a,) be as in (1)
converges strongly to a* € F(T;), j = 1,2,..,k iff
(an;) of (ay) that converges to a*.
Corollary(18): LetT;,j = 1,2, ..., k be a family of
lipschitzain and total asymptotically nonexpansive
selfmaps of B. If the dual space M* of M possess
the Kadec-klee property, maps I —T;,j = 1,2, ...,k
is demiclosed to zero, therefore the sequence (a,)
be as in (1) converges weakly to a common fixed
point of T;.
Corollary(19): LetT;,j = 1,2, ..., k be a family of
total asymptotically nonexpansive selfmaps of B. If
M accomplishes Opial 5 condition and the maps
I—=T;, j=12,..,k is demiclosed to zero,
therefore (a,) be as in (1) converges weakly to a
common fixed point of T; .
Numerical Example
Example: Let T;:R -» R,Vj =1,2,..,k be maps
defined by Tja= 23—']1 Va€R. Choose aj, =
n
3(n+1)
as in (1) that converge to the fixed point a* = 0. So
it’s clear from Table 1 and Figure 1.

Vv n with initial value a; = 10. Let (a,) be

Table 1. Numerical results corresponding to
a,; = 10 for 36 steps

n Iteration(l) n Iteration(1)
1  10.0000 19 0.0229
2 83371 20 0.0157
3 6.4884 21 0.0107
4 4.8697 22 0.0073
5 3.5737 23 0.0050
6 2.5830 24 0.0034
7 1.8464 25 0.0023
8 1.3089 26 0.0016
9 0.9219 27 0.0011
10 0.6458 28 0.0007
11 0.4505 29 0.0005
12 0.3131 30 0.0003
13 0.2170 31 0.0002
14 0.1499 32 0.0002
15 0.1034 33 0.0001
16 0.0711 34 0.0001
17 0.0489 35 0.0000
18 0.0335 36 0.0000

We can see from above mentioned Table 1 and the
following Figure 1 that the iteration algorithm
convergence to the fixed point a* = 0, when n=35.
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Figure 1. Convergence behavior corresponding
to a; = 10 for 36 steps.

Conflicts of Interest: None.

References

1. Goebel K, Kirk WA. Fixed point theorem for
asymptotically nonexpansive mappings, Proc. Amer.
Math. Soc. 1972; 35:171-174.

2. Saluja GS, kim JK. Convergence of common fixed
point of finite step iteration process for generalized
asymptotically quasi-nonexpansive mappings,
Nonlinear Funct. Anal. Appl. 2014; 19(1): 79-98,
https://www.researchgate.net/publication/260968807

3. Saluja GS. Convergence to common fixed points for
generalized  asymptotically — quasi-nonexpansive
mappings, Bulletin of the International Mathematical
Virtual  Institute, 2014; 4:  69-79, doi:
1.7251/BIMV1140169S.

4. Alber YAI, Chidume CE, Zegeye H. Approximating
fixed points of total asymptotically nonexpansive
mappings, Fixed point theory Appl. 2006; article ID
10673.

5. Abkar A, Shekarbaigi M. A novel iteration algorithm
applied to totally asymptotically nonexpansive
mappings in CAT(0) spaces, Mathematices, 2017;
5(14), doi:10.3390/math5010014.

6. Mohammed LB, Kiligman A. Strong Convergence for
the Split Common Fixed-Point Problem for Total
Quasi-Asymptotically Nonexpansive Mappings in
Hilbert Space, Hindawi Publishing Corporation
Abstract and Appl. Anal.2015; ID 412318,
http://dx.doi.org/10.1155/2015/412318.

7. F.E.Browder FE. Semicontractive and semiaccretive
nonlinear mappings in Banach spaces, Bull. Amer.
Math. Soc. 1968; 74: 660-665.

8. Chidume CE, Ofoedu EU. Approximation of
common fixed points for finite families of total
asymptotically nonexpansive mappings, J. Math.
Anal. Appl. 2007; 333: 128-141,
d0i:10.1016/j.jmaa.2006.09.023.

9. Xu ZB, Roach GF. Characteristic inequalities for
uniformly convex and uniformly smooth Banach
spaces, J. Math. Anal. Appl. 1991; 157: 189-210.

10.Saluja GS. Weak convergence theorems for two
asymptotically quasi-nonexpansive non-self



https://www.researchgate.net/publication/260968807
http://dx.doi.org/10.1155/2015/412318

Baghdad Science Journal Vol.16(3)2019

mappings in uniformly convex Banach spaces, J. Appl. Math. Statistical Sci. (IJAMSS), 2016; 5, Issue

Non. Sci. Appl. 2014; 7: 138-149. 4; 9-22,
11.Saluja GS. Weak convergence theorems for http://paper.researchbib.com/view/paper/78804

asymptotically nonexpansive mappings and total 13. Abed SS, Abbas RF. Solving a System of Set-Valued

asymptotically nonexpansive non-self mappings, Operator Equations, Solving a System of Set-Valued

Sohag J. Math.2017; 4(2): 49-57. Operator Equations, 2016; 8( 3), 13: 919-924

http://dx.doi.org/10.18576/sjm/040204 http://gpcpublishing.org/index.php/gjm/article/view/5
12. Abed SS, Abbas RF. S-iteration for general quasi 68

multi valued contraction mappings, International J.

Ay jBa Badatia W And clBudatl dugila <l ghad cld ) &N Asa ) 9Ad A yidia Baabia ddads
Oy dadea 3 gadea B A ) e Glalu 5 sl
Gl 2)aay lan dnala ¢isgl) (/A puall  slall il A ctilyaly ) anid
sdadal)
uM\CM;M&\:\EMJM\EJMM\MC_\M\w@&ﬁ&w)\)ﬂ\@))\ﬁt\)ﬁ\éﬁ&;ﬂ\ KYY d‘)&a

a5 e e o5 Tyl AS i Badlm A ) s 55 sl el 58 5 s o )l s 5 S 5 e IS
ke aladtudy gaxe

S Gl A sanaiadl) 4nd il 5 8 o)l AS jidie Baslia Lald (Ll cliad 1dpalidal) cilalsl)

660


http://dx.doi.org/10.18576/sjm/040204
http://paper.researchbib.com/view/paper/78804
http://gpcpublishing.org/index.php/gjm/article/view/568
http://gpcpublishing.org/index.php/gjm/article/view/568

