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1. Introduction

Let X be a normed space and C be a nonempty subset of X. The mapping 7" : C — C is said to be
(1) nonexpansive, if |[Tx — Tyl < ||lx—yll for all x,y € C.
(2) quasi-nonexpansive, if |Tx —p| < |lx— p| for all x€ C and p € F(T'), where F(T') denotes
the set of all fixed point of T, i.e.,

F(T)={x:Tx=x,x€C}.
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Many nonlinear problems are formulated as fixed point problems
x=Tx (1.1)

where fixed point mapping 7' may be nonlinear. The solution of the problem is called a fixed
point of the mapping T'.
The fixed point iteration is given by

Xni1=Tx,, VnehN. (1.2)

The iteration process is also known as Picard iteration, Richardson iteration or method of
successive substitution. For the Banach contraction mapping, the Picard iteration converges
to unique fixed point of T, but this iteration fails to approximate fixed point for nonexpansive
mapping. On the other hand, this iteration method enable us to identify the existence of fixed
point of T'.

In last fifty years, many researchers designed iterative process to approximate fixed point of
nonexpansive mapping and for some wider class of nonexpansive mappings (see [1,/4,/10,/11,{131)
and compare which iteration process is faster.

In 1953, Mann [10]] introduced an iteration process: For an arbitrary xg € C, construct
sequence {x,} as follows

Xni1=0pxp+(1—a,)Tx,, n=0, (1.3)

where {a,} is real sequence in the interval (0,1).
In 2011, Sahu [[12]] introduced Normal S-iteration process: For convex subset C of normed
linear space X and a mapping T:C — T, x¢ € C, construct a sequence {x,} in C as follows

{xn+l = Tyn7

(1.4)
yp=0—-ay)x, +a,Tx,, neN,

where {a,} is real sequence in (0, 1).
The rate of convergence of Normal S-iteration is similar to the Picard iteration process and
it is faster than other fixed point iteration process (see [12, Theorem 3.5]).

Remark 1.1. If a =0, then Normal S-iteration process (1.4) reduces to Picard iteration process.

In 2014, Kadioglu and Yildirim [5] introduced Picard Normal S-iteration process: With
C,X,T as in Normal S-Iteration, for x; € C, construct a sequence {x,} in C as follows:

Xn+1=Tyn,
Yn=A—-ap)z, +anTz,, (1.5)
z2n=0-PBp)xn+PnTx,, neN.

The rate of convergence of Picard Normal S-iteration is faster than Normal S-iteration iteration
(see [5, Theorem 5]).

Remark 1.2. (1) If 8, =0, then Picard Normal S-iteration process (1.5) reduces to Normal
S-iteration iteration process.

(2) If a, =0, B, =0, then Picard Normal S-iteration process (1.5) reduces to Picard iteration
process.
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In 2016, Imdad and Dashputre [3] established strong and A-convergence results for Picard
Normal S-iteration process for generalized nonexpansive mappings in uniformly convex
hyperbolic space. In this paper, we design a new iteration process as follows: With C,X, T as in
Normal S-iteration, for x1 € C, construct a sequence {x,} in C as follows:

Xn+1=Tyn,
Yn=A—-ap)z,+a,Tz,,
wy=1-PBpw,+ rTw,,
2n=0=yp)xn +ynTxn, neN.

(1.6)

Remark 1.3. (1) If y, = 0, then new iteration process (1.6) reduces to Picard Normal S-
iteration iteration.
(2) If B, =0, y, =0, then new iteration process (1.6) reduces to Normal S-iteration process.

3) If a, =0, B, =0 and y, =0, then new iteration process (1.6) reduces to Picard iteration
process.

Since the new iterative process is generalization of Picard Normal S-iteration Process,
therefore we can call it by Generalized Picard Normal S-iteration process.

In this paper, we will show Generalized Picard Normal S-iteration Process is faster than
Picard Normal S-iteration process, Normal S-iteration process, Mann iteration process and
Picard iteration process. Also, we will established strong and A-convergence theorems for
Generalized Picard Normal S-iteration process for generalized nonexpansive mappings in
uniformly convex hyperbolic space.

2. Preliminaries

Let (X,d) be a metric space and C be a nonempty subset of X. In 2008, Suzuki [|14] defined a
class of single valued mapping as follows

1

§d(x, Tx)<d(x,y)— d(Tx,Ty)<d(x,y) 2.1)
The equation (2.1) is Suzuki-generalized nonexpansive mapping (or Condition (C)).
Remark 2.1. The Suzuki-generalized nonexpansive mapping (or Condition (C)) is weak than

nonexpansive mapping and stronger than quasi-nonexpansive mapping. But converse may not
be true.

’ Nonexpansive mapping = Suzuki-generalized nonexpansive mapping = Quasi-nonexpansive mapping‘

In [2], author introduced following generalization of nonexpansive mappings.

Definition 2.2. Let T be a mapping defined on a subset C of a metric space X and A €(0,1).
Then T is said to satisfy the condition (C)) if for all x,y e C

Ad(x, Tx)<d(x,y) — d(Tx,Ty) < d(x,y). (2.2)

For 0 <A1 < A2 <1, condition C), — condition C},,.
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Definition 2.3. Let T be a mapping defined on a subset C of a metric space X and u = 1. Then
T is said to satisfy the condition (£ ) if for all x,y € C

d(x,Ty) < ud(x,Tx)+d(x,y). (2.3)
We consider the following definition of a hyperbolic space introduced by Kohlenbach [7].

Definition 2.4. A metric space (X,d) is a hyperbolic space if there exists a map W : X2 x[0,1] —
X satisfying
(1) du,W(x,y,a)) <ad(u,x)+(1—-a)d(u,y),
(i) d(W(x,y,a),W(x,y,p)) =la—pld(x,y),

iv) dW(x,z,a),W(y,w,a)) < ad(x,y)+(1-a)d(z,w),
for all x,y,z,w € X and a,B€[0,1].

Definition 2.5 ([|15]). A metric space is said to be convex metric space when a triple (X,d, W)
satisfy only (i) in Definition [2.4

Definition 2.6 (||15]]). A subset Kof a hyperbolic space X is convex if W(x,y,a) € K for all
x,y€ K and a €[0,1].

If x,ye X and A €[0, 1], then we use the notation (1 - A)x® Ay for W(x,y, ). The following
holds even for more general setting of convex metric space [15]: for all x,y € X and 1 €[0, 1],
dx,(1-ANDxeAly)=Ad(x,y) and d(y,1-VxeAly)=(1-A1)d(x,y).
Thus
lx®#0y=x and Oxeoly=y.
I-MVDxelx=Axe(1-A)x=x.
Definition 2.7 ([8]). A hyperbolic space (X,d,W) is uniformly convex if for any u,x,ye X, r>0

and ¢ € (0,2], there exists a 6 € (0,1] such that d (3x® 1y,u) < (1-6)r whenever d(x,u) <r,
d(y,u)<r and d(x,y) =e¢r.

Definition 2.8. A map 7:(0,00) x (0,2] — (0,1] which provides such a § =n(r,e¢) for given r >0
and € €(0,2], is known as modulus of uniform convexity. We call 7 monotone if it decreases with
r (for a fixed &).

In [8], Luestean proved that CAT(0) spaces are uniformly convex hyperbolic spaces with
modulus of uniform convexity n(r,e) = % quadratic in €.
Now, we give the concept of A-convergence and some of its basic properties.

Let C be a nonempty subset of metric space (X,d) and {x,} be any bounded sequence in X
while diam(C) denotes the diameter of C. Consider a continuous functional r,(-,{x,}) : X — R*
defined by
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rq(x,{x,}) =limsupd(x,,x), xeX.

The infimum of r,(-,{x,}) over C is said to be the asymptotic radius of {x,} with respect to C
and it is denoted by r,(C,{x,}).
A point z € C is said to be asymptotic center of the sequence {x,} with respect to C if

ro(z,{x,}) = inflr,(x,{x,}) : x € C}.

The set of all asymptotic center of {x,} with respect to C is denoted by AC(C,{x,}). The set
AC(C,{x,}) may be empty, singleton or have infinitely many points.

If the asymptotic radius and asymptotic center are taken with respect to X, then they
are denoted by r,(X,{x,}) = ro,({x,}) and AC(X,{x,}) = AC({x,}), respectively. We know that
for x € X,rq(x,{x,}) = 0 if and only if li_)m X, = x and every bounded sequence has a unique
asymptotic center with respect to closer(Li cognvex subset in uniformly convex Banach spaces.

Definition 2.9. The sequence {x,} in X is said to A-converge to x € X, if x is unique asymptotic

center of {u,} for every subsequence {u,} of {x,}. In this case, we write A-limx, = x and call x is
n

the A-limit of {x,}.

Lemma 2.10 ([9]). Let (X,d,W) be a complete uniformly convex hyperbolic space with monotone
modulus of uniform convexity 1. Then every bounded sequence {x,} in X has a unique asymptotic
center with respect to any nonempty closed convex subset C of X.

Consider the following Lemma of Khan et al. [6] which we use in the sequel.

Lemma 2.11. Let (X,d,W) be a complete uniformly convex hyperbolic space with monotone
modulus of uniform convexity 1. Let x € X and t, be a sequence in [a,b] for some a,b € (0,1).
If {x,} and {y,} are sequences in X such that

limsupd(x,,x)<c,
n—0o0

limsupd(y,,x)<c,
n—oo

limsupd(W(x,, Yn,tn),x) =c,

n—oo

for some ¢ =0, then r}l_)m d(x,,yn)=0.

Lemma 2.12 ([3]]). Let (X,d) be complete uniformly convex hyperbolic space with monotone
modulus of convexity 1. Let C be a nonempty convex closed subset of a hyperbolic space X and
T :C — C be a mapping which satisfies the condition (C,) for some A € (0,1) and conditionE , on
C. Suppose that {x,} is bounded sequence in C such that nh_)nolo d(x,,Tx,) =0, then T has a fixed
point.

Definition 2.13. Let C be a nonempty convex closed subset of a hyperbolic space Xand {x,} is
a sequence in X. Then {x,} is Fejér monotone with respect to C ifforall xe C and n € N,

d(xp+1,%) < d(x,,x).
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We can easily prove the following proposition:

Proposition 2.14. Let {x,} be a sequence in X and C be a nonempty subset of X. Suppose that
{x,} is Fejér monotone with respect to C. Then we have the followings:
(1) {x,} is bounded.

(2) The sequence {d(x,,p)} is decreasing and converges for allp € F(T).

3. Strong and A-Convergence of Generalized Picard Normal
S-iteration Process

Firstly, we define Generalized Picard Normal S-iteration process in hyperbolic space as follows:
Let C be nonempty closed convex subset of a hyperbolic space X and T': C — C be a mapping
which satisfies the condition C, for some A € (0,1). If for any x1 € C the sequence {x,} is
defined by

Xn+1=W(Tyn,0,0),

In=W(zn,Tzn,an),

z2n =Wy, Twy, Br),

wy=W(x,,Txp,yn), neN.

3.1)

where a,,f, and y, arein [¢,1—¢] for all n € N and some € € (0, 1).

Lemma 3.1. Let C be a nonempty convex closed subset of a hyperbolic space X and T : C — C be
a mapping which satisfies the condition (Cy) for some A €(0,1). If {x,} is a sequence defined by
(3.7), then {x,} is Fejér monotone with respect to F(T).
Proof. Since for some A €(0,1) and p € F(T), T satisfies condition (C,), therefore for all n € N,
AMd(p,Tp)=0=<d(p,wy),
Ad(p,Tp)=0=d(p,zx),
Ad(p,Tp)=0=<d(p,yn)
and
Ad(p,Tp)=0<d(p,x,).
Therefore, we have
d(Tp,Twy,) =d(p,wy),
d(Tp,Tz,) <d(p,zyn),
d(Tp,Tyn) =d(p,yn)
and
d(Tp,Tx,) <d(p,xy).
By (3.1), we have
d(wn,p)=dW(xn, Txn,Yn),p)
=d((1=yn)xn+YnTxn,p)
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<= (1 -yn)d(xn, p) +¥nd(Txy, p).
<d(x,,p). (3.2)
From (3.2), we have
d(zn,p) = dW(wn, Twy, fn), p)
=d((1-fn)wn + frTwy,p)
<(1-Br)d(wn,p)+ Brd(Twy,p)
<d(wy,p)
<d(x,,p). (3.3)
From (3.2), (3.3), we have
d(yn,p) =d(W(zpn,Tzpn,an),p)
=d((1-ap)zn+a,Tzy,,p)
<(1-an)d(zp,p)+and(Tzy,p)
<d(z,,p)
<d(xp,p). (3.4)
From (3.2), and (3.4), we have
d(xn+1,p) = dW(Ty,,0,0),p)
=d(Tyn,p)
<d(yn,p)
<d(x,,p). (3.5)
Thus
d(xp+1,p) <d(x,,p) forall peF(T).

Therefore, {x,} is Fejéer monotone with respect to F(T). O

Lemma 3.2. Let C be a nonempty convex closed subset of a hyperbolic space X with monotone
modulus of convexity n and T : C — C be a mapping which satisfies the condition (C)) for some
A€(0,1). If {x,} is a sequence defined by (3.1), then F(T) is nonempty if and only if the sequence
{x,} is bounded and lim d(x,,Tx,)=0.

n—oo

Theorem 3.3. Let C be a nonempty convex closed subset of a hyperbolic space X with monotone
modulus of convexity n and T : C — C be a mapping which satisfies the condition (C)) for some
A€(0,1) and (E,) for some pu=1on C with F(T)# @. If {x,} is a sequence defined by (3.1), then
sequence {x,} is A-converges to a fixed point of T.

Proof. From Lemma [3.2, we observe that {x,} is a bounded sequence, therefore {x,} has a
A-convergent subsequence. Now, we will prove that every A-convergent subsequence of {x,} has
unique A-limit F(T). For this, let © and v be A-limits of the subsequences {u,} and {v,} of {x,},
respectively. Now, by Lemma [2.10, AC(C,{u,}) = {u,} and AC(C,{v,}) = {v,}. By Lemma [3.2]

we have lim d(u,,Tu,)=0.
n—oo
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Now, we will prove u and v are fixed points of 7" and they are unique.

By Lemma [2.12, u and v are fixed points of T'.
Now, we will show u=v. If not, then by the uniqueness of asymptotic center

limsupd(x,,u)=limsupd(u,,u)
n—o0 n—oo

<limsupd(u,,v)
n—oo

=limsupd(x,,v)
n—oo

=limsupd(v,,v)
n—oo

<limsupd(v,,u)
n—oo

=limsupd(x,,u)
n—oo

which is a contradiction. Hence u = v, and sequence {x,} A-converges to a fixed point of 7. [

Theorem 3.4. Let C be a nonempty convex closed subset of a hyperbolic space X with monotone
modulus of convexity n and T : C — C be a mapping which satisfies the condition (C)) for some
A€(0,1) and E,, for some (1 =1 on C with F(T) # @. If {x,} is a sequence defined by (3.1), then
sequence {x,} converges strongly to some fixed point of T if and only if 1i£glfD(xn,F(T)) =0,
where D(x,,,F(T))= inf d(x,,x).

xeF(T)

Proof. 1t is easy to prove necessary part. We only prove sufficient part. First we show that the
fixed point set F(T') is closed, let {x,} be a sequence in F(T') which converges to some fixed point
weC. As

Ad(x,,, Tx,) =0<d(x,,w).

By condition of C,, we have
d(x,, Tw) =d(x,, Tw) < d(x,,w).

On taking limit as n — oo both the sides, we get
Jllgod(xn, Tw) < ,}i_)rgod(xn, w) =0.

In view of the uniqueness of the limit, we have w = Tw, so that F(T') is closed. Suppose
li;tggng(xn,F(T)) =0.

From (3.5), we have
D(xp+1,F(T)) < D(xp, F(T)).

From Lemma and Proposition we have ’}LI& d(x,,F(T)) exists. Hence
r}irgoD(xn,F(T)) =0.

Consider the subsequence {x,,} of {x,} such that d(x,,,pz) < Zik for all £ =1, where {p;} is in
F(T).
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From Lemma 3.1}, we have

1
d(xnk+1,pk) = d(xnk 7pk) < 2_k
which implies that

1
d(Pr+1,P2) S A(Pr1,%n,,,) +d(Xp, ., PR) < ok+1 + ok
1
< 9k-1

This shows that {p;} is a Cauchy sequence. Since F(T) is closed, {p;} is a convergent sequence.
Let klim pr =p. Then we know that {x,} converges to p. Since
—00

d(xn,,p) <d(xn,,pr) +d(pp,p).
As k — oo, we have

klim d(xp,,p)=0

Since r}im d(x,, p) exists, therefore the sequence {x,} converges to p. O
—00
4. Example

Consider the mapping 7' :[0,1] — [0, 1] defined by
1 1
5+2 €10,%);

Tx={2" "% % [1’6)’ (4.1)

1- %, X € [g, 1] .

Put x = % and y = then |Tx—Ty| = and lx—yl = 42. Thus, we have |[Tx—Ty| = |lx—yll.

42>
Therefore, T is not nonexpansive mappmg. Now, we will check the mapping T satisfies

Condition (C). For this we consider two cases.

CaseI: Leth[O,l) then%llx—TxlI 4(2x+1) For lx—Tx| < llx—yll, we have 1(2x+1)<y -X,

ie y=2+1 Henceye(3,1].

Now, for all x €0, 6) and y € (%, 1], we have

12x+2y—3
6

Hence %le— Tx|<llx—yl = ITx—Ty| < |lx—yl|. Thus T satisfies Condition (C).

ITx—Tyll =

‘<1 d | = |>1
— an X — =|X— —-.
6 Y Y=y

Case II: Let xe [%,1], then %IIx—TxII = %(M) For 2||x Tx|<lx-yll, we have 1(4’533) <|x—yl.

Again there are two possibilities:

Al:If y > x, then 1(%53) < y —x. Here y € [$,1]. Now, for x,y € [1,1], we have |Tx—Ty| <
%le—yll. Thus %le— Tx||<llx—yl— ITx—Tyl| <llx—y|l. Thus T satisfies Condition (C).

A2: If y < x, then l(4363—_3) <x-—y,ie., y< %. Therefore, y € [2,2]. For all x € [%,1] and
ye[5,2], we have |[Tx— Tyl < illx - yl. Thus §llx— Txl < lx -yl = |Tx— Tyl < llx - y|. Thus
T satisfies Condition (C).

In above example, we see that T is not nonexpansive but 7" satisfies Condition (C), i.e. T is
Suzuki-generalized nonexpansive mapping.
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5. Numerical Results
We compare the new iteration process, i.e., Generalized Picard Normal S-iteration process with

Picard Normal S-iteration process, Normal S-iteration process, Mann iteration process and
Picard iteration process. We set the stop parameter to d(x,,p) < 10714,

For above example, consider the following parameter:

1 1
PlL: o, = T, Pp=—"—F,Yn=—"7.
(n+1)3 ©2n+7)2 (3n+5)2

Also, we compare the number of iterations for following set of parameters:

Pl: a, = ——, Bn=—2—1,yn=—1->.
n (n+11)1/8 ﬁn (n+1)% YTL (n+1)%

P
PIII- a, = n2—+617 ﬁn - (2n+1) ’ yn ~ 4n+3"

1
PIV: @, = (5555)°s Br = g1 Vo = (ona

2

1

)"

Table 1. Comparison of iteration of different iteration process for initial value 0.1

Initial New iteration Picard Normal Normal Mann Picard
value process S-iteration S-iteration iteration iteration

1 0.74017268433791 0.73182071694926 0.79848738361592 0.60453784915223 0.7

2 0.74999496573282 0.74998442643975 0.75021195851703 0.75190762665326 0.76666666666667
3 0.74999999324209 0.74999996752023 0.74999595929642 0.75010909899660 0.74444444444444
4 0.74999999993773 0.74999999955770 0.75000014593171 0.75001182046826 0.75185185185185
5 0.74999999999867 0.74999999998653 0.74999999279701 0.75000175032601 0.74938271604938
6 0.74999999999995 0.74999999999932 0.75000000043286 0.75000031555308 0.75020576131687
7 0.75000000000000 0.74999999999995 0.74999999997010 0.75000006538110 0.74993141289438
8 0.75000000000000 0.75000000000229 0.75000001505071 0.75002286236854
9 0.74999999999981 0.75000000376586 0.74999237921049
10 0.75000000000002 0.75000000100875 0.75000254026317
11 0.75000000000000 0.75000000028610 0.74999915324561
12 0.75000000008520 0.75000028225146
13 0.75000000002647 0.74999990591618
14 0.75000000000854 0.75000003136127
15 0.75000000000285 0.74999998954624
16 0.75000000000098 0.75000000348459
17 0.75000000000034 0.74999999883847
18 0.75000000000012 0.75000000038718
19 0.75000000000005 0.74999999987094
20 0.75000000000002 0.75000000004302
21 0.75000000000001 0.74999999998566
22 0.75000000000000 0.75000000000478
23 0.74999999999841
24 0.75000000000053
25 0.74999999999982
26 0.75000000000006
27 0.74999999999998
28 0.75000000000001
29 0.75000000000000
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Comparison among Number of lterations of Different Set of Parameters for Different lterative Scheme
30
> > C—1—CONew Iteration
] Picard Normal S-lteration
J Normmal S-lteration
25 C—O—C Mann lteration
i —>——=> Picard Ilteration
20 4
® ]
=
2 1
5 ]
© ]
= 15 o
o -
o
4]
Eel T ——en
E —
=1
= ]
10 H
il / - 1
5 - ---_""--.____ D/
4777
1 1.5 2 2.5 3 3.5 4
Set of Parameters

Figure 1. Comparison among number of iterations

Table 2. Comparison of number of iteration of different iteration process for different set of parameters

Initial New iteration Picard Normal Normal Mann Picard
Value S-iteration S-iteration iteration iteration
PI PII PII PIV|PI PII PIII PIV|PI PII PIII PIV|PI PII PIII PIV|PI PII PIII PIV

0.1 7 4 9 7 8 5 10 9 11 9 14 10 |21 13 20 13 |29 29 29 29
0.2 7 4 9 7 8 5 10 8 |11 8 14 10 |21 12 20 13 |30 30 30 30
0.3 7 4 9 7 8 5 10 8 |10 8 14 10 |21 12 20 13 |30 30 30 30
0.4 7 4 9 7 8 5 10 8 |10 8 14 10 |21 12 19 13 |30 30 30 30
0.5 7 4 9 7 8 5 10 8 |10 8 14 10 |20 12 19 12 |29 29 29 29
0.6 7 4 9 7 8 5 8 |10 8 14 10 |20 11 19 12 |29 29 29 29
0.7 6 3 8 7 7 5 8 |10 8 13 10 |19 11 19 12 |28 28 28 28
0.8 6 3 8 7 7 5 8 |10 8 13 10 |19 11 19 12 |28 28 28 28
0.9 7 4 9 7 8 5 8 |10 8 14 10 |20 11 19 12 |29 29 29 29
1.0 7 4 9 7 8 5 10 8 |10 8 14 10 |20 12 19 13 |29 29 29 29

By the above results, i.e., Table|2|and Figure |1} it is clear that Generalized Picard Normal
S-iteration process is faster than Picard Normal S-iteration process, Normal S-iteration process,
Mann iteration process and Picard iteration process.
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6. Conclusion

We introduced a new iteration process named as Generalized Picard Normal S-iteration process
in Hyperbolic space. Also we proved the strong and A-convergence results for this iteration
process. We presented an example of Suzuki-generalized nonexpansive mapping which is not
nonexpansive mapping. With the help of numerical example, we showed that Generalized Picard
Normal S-iteration process is faster than some famous iteration process such as Picard Normal
S-iteration process, Normal S-iteration process, Mann iteration process and Picard iteration
process.

Competing Interests
The authors declare that they have no competing interests.

Authors’ Contributions
All the authors contributed significantly in writing this article. The authors read and approved
the final manuscript.

References

[1]1 R. P. Agarwal, D. O'Regan and D. Sahu, Iterative construction of fixed points of nearly asymptotially
nonexpansive mappings, Journal of Nonlinear and Convex Analysis 8(1) (2007), 61 — 79, URL:
http://www.ybook.co.jp/online2/opjnca/vol8/p6l.html.

[2] J. Garcia-Falset, E. Llorens-Fuster and T. Suzuki, Fixed point theory for a class of generalized
nonexpansive mappings, Journal of Mathematical Analysis and Applications 8375 (2011), 185 — 195,
DOI:10.1016/j.jmaa.2010.08.069.

[8] M. Imdad and S. Dashputre, Fixed point approximation of Picard normal S-iteration process for
generalized nonexpansive mappings in hyperbolic spaces, Mathematical Sciences 10(3) (2016), 131
— 138, DOI:10.1007/s40096-016-0187-8|

[4] S. Ishikawa, Fixed points by new iteration method, Proceedings of the American Mathematical
Society 44 (1974), 147 — 150, DOI: 10.2307/2039245.

[5] N. Kadioglu and I. Yildirim, Approximating fixed points of nonexpansive mappings by faster
iteration process, Journal of Advanced Mathematical Studies 8(2) (2015), 257 — 264, URL:
https://arxiv.org/abs/1402.6530.

[6] A. P. Khan, H. Fukhar-ud-din and M. A. Khan, An implicit algorithm for two finite families of
nonexpansive maps in Hyperbolic space, Fixed Point Theory and Applications 2012 (2012), Article
number 54, DOI: 10.1186/1687-1812-2012-54.

[7] U. Kohlenbach, Some logical metatheorems with applications in functional analysis, Transactions
of the American Mathematical Society 357(1) (2004), 89 — 128, URL: https://www.ams.org/
journals/tran/2005-357-01/S0002-9947-04-03515-9/S0002-9947-04-03515-9.pdf.

[8] L. Leustean, A quadratic rate of asymptotic regularity for CAT(0) spaces, Journal of Mathematical
Analysis and Applications 325(1) (2007), 386 — 399, URL: https://arxiv.org/abs/math/
0511019.

Commaunications in Mathematics and Applications, Vol. 11, No. 3, pp.[389 , 2020


http://www.ybook.co.jp/online2/opjnca/vol8/p61.html
http://doi.org/10.1016/j.jmaa.2010.08.069
http://doi.org/10.1007/s40096-016-0187-8
http://doi.org/10.2307/2039245
https://arxiv.org/abs/1402.6530
http://doi.org/10.1186/1687-1812-2012-54
https://www.ams.org/journals/tran/2005-357-01/S0002-9947-04-03515-9/S0002-9947-04-03515-9.pdf
https://www.ams.org/journals/tran/2005-357-01/S0002-9947-04-03515-9/S0002-9947-04-03515-9.pdf
https://arxiv.org/abs/math/0511019
https://arxiv.org/abs/math/0511019

Strong and A-Convergence Results for Generalized Nonexpansive Mapping. .. : S. Dasputre et al. 401

[9]

[10]

[11]

[12]

[13]

[14]

[15]

L. Leustean, Nonexpansive iteration in uniformly convex W-hyperbolic space, in A. Leizarowitz,
B. S. Mordukhovich, I. Shafrir and A. Zaslavski (eds.), Nonlinear Analysis and Optimization 1.
Nonlinear Analysis. Contemporary Mathematics, Vol. 513, pp. 193 — 210, Ramat Gan American
Mathematical Society, Bar Ilan University, Providence (2010), URL: https://arxiv.org/abs/
0810.4117.

W. R. Mann, Mean value methods in iterations, Proceedings of the American Mathematical
Society 4 (1953), 506 — 510, URL: https://www.ams.org/journals/proc/1953-004-03/
S0002-9939-1953-0054846-3/S0002-9939-1953-0054846- 3. pdf.

M. A. Noor, New approximation scheme for general variational inequalities, Journal of
Mathematical Analysis and Applications 251 (2000), 217 — 229, DOI: 10.1006/jmaa.2000.7042.

D. R. Sahu, Application of the S-iteration process to constrained minimization problems and
feasibility problems, Fixed Point Theory 12 (2011), 187 — 204.

H. Schaefer, Uber die methode sukzessiver approximation, Jahresbericht der Deutschen
Mathematiker-Vereinigung 59 (1970), 131 — 140, URL: https://eudml .org/doc/146424.

T. Suzuki, Fixed point theorems and convergence theorems for some generalized nonexpansive
mappings, Journal of Mathematical Analysis and Applications 340 (2008), 1088 — 1095,
DOI:10.1016/j.jmaa.2007.09.023.

W. A. Takahashi, A convexity in metric space and nonexpansive mappings, Kodai Mathematical
Seminar Reports 22 (1970), 142 — 149, URL: https://projecteuclid.org/euclid.kmj/
1138846111.

Commaunications in Mathematics and Applications, Vol. 11, No. 3, pp.[389 , 2020


https://arxiv.org/abs/0810.4117
https://arxiv.org/abs/0810.4117
https://www.ams.org/journals/proc/1953-004-03/S0002-9939-1953-0054846-3/S0002-9939-1953-0054846-3.pdf
https://www.ams.org/journals/proc/1953-004-03/S0002-9939-1953-0054846-3/S0002-9939-1953-0054846-3.pdf
http://doi.org/10.1006/jmaa.2000.7042
https://eudml.org/doc/146424
http://doi.org/10.1016/j.jmaa.2007.09.023
https://projecteuclid.org/euclid.kmj/1138846111
https://projecteuclid.org/euclid.kmj/1138846111

	Introduction
	Preliminaries
	Strong and -Convergence of Generalized Picard Normal S-iteration Process
	Example
	Numerical Results
	Conclusion
	References

