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Abstract

In this work, strong convergence and stability results of a three step random iterative scheme with errors
for strongly pseudo-contractive Lipschitzian maps are established in real Banach spaces. Analytic proofs
are supported by providing numerical examples. Applications of random iterative schemes with errors
to find solution of nonlinear random equation are also given. Our results improve and establish random
generalization of results obtained by Xu and Xie [Y. Xu, F. Xie, Rostock. Math. Kolloq., 58 (2004), 93-100],
Gu and Lu [F. Gu, J. Lu, Math. Commun., 9 (2004), 149-159], Liu et al. [Z. Liu, L. Zhang, S. M. Kang,
Int. J. Math. Math. Sci., 31 (2002), 611-617] and many others. (©2016 All rights reserved.
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1. Introduction and Preliminaries

The machinery of fixed point theory provides a convenient way of modelling many problems arising
in non-linear analysis, probability theory and for a solution of random equations in applied sciences, see
[4, oL 1T, 12, 15l 17, 18, 201 21), 25, 27, 29 B0, B 33, B4, 35l 36, B8, B9, 40] and references there. With
the developments in random fixed point theory, there has been a renewed interest in random iterative
schemes[2], B3| [7, B, 10]. In linear spaces, Mann and Ishikawa iterative schemes are two general iterative
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schemes which have been successfully applied to fixed point problems [II, 5l [6] 13} 14, 16, 19, 26, 28, 37].
Recently, many stability and convergence results of iterative schemes have been established, using Lipschitz
accretive pseudo-contractive) and Lipschitz strongly accretive (or strongly pseudo-contractive) mappings in
Banach spaces [9} 10} 12], 13}, 22} 23] 24, 32, [37]. Since in deterministic case the consideration of error terms
is an important part of an iterative scheme, therefore, we introduce a three step random iterative scheme
with errors and prove that the iterative scheme is stable with respect to T with Lipschitz condition where
T is a strongly accretive mapping in arbitrary real Banach space.

Let X be a real separable Banach space and let J denote the normalized duality pairing from X to 2%
given by

J() ={f e X7z, f) = |zl I, IF =Nz}, @€ X,

where X™* denote the dual space of X and (-,-) denote the generalized duality pairing between X and X*.

Suppose (£2,Y) denotes a measurable space consisting of a set {2 and sigma algebra ¥ of subsets of
and C, a nonempty subset of X. Let T :  x C' — C be a random operator, then random Mann iterative
scheme with errors is defined as follows:

Tnt1(w) = (1 — ap)zn(w) + @ T(w, zp(w)) + uy(w), for each w € Q, n >0, (1.1)

where 0 < o, < 1, g : Q — C, an arbitrary measurable mapping and {u,(w)} is a sequence of measurable
mappings from €2 to C.
Also, random Ishikawa iterative scheme with errors is defined as follows:

Tnt1(w) = (1 — ap)zp(w) + 0T (w, yn(w)) + up(w),

yn(w) = (1 = Bp)an(w) + BT (w, xn(w)) + vp(w), for each w € Q, n >0, (1.2)

where 0 < ay, B, < 1, 2o : Q2 — C, an arbitrary measurable mapping and {u,(w)}, {v,(w)} are sequences
of measurable mappings from 2 to C.

Obviously {z,(w)} and {y,(w)} are sequences of mappings from Q2 in to C.

Also, we consider the following three step random iterative scheme with errors (x,(w)) defined by

Tpy1(w) = (1 = an)yn(w) + anT'(w, yn(w)) + un(w),
Yn(w) = (1 = Bn)zn(w) 4 BT (w, 2n(w)) 4 vn(w), (1.3)
zn(w) = (1 = yp)zn(w) + v (w, zp(w)) + wp(w), for each w € Q, n >0,

where {u,(w)}, {v,(w)}, {w,(w)} are sequences of measurable mappings from 2 to C, 0 < ay, Bp, v <1
and xg : 2 — C, an arbitrary measurable mapping.

Putting 5, = 0, v, = 0 in and 8, =0,v, =0, v, =0, w, =0 in , we get random Mann
iterative scheme with errors (1.1).

Now we give some definitions and lemmas, which will be used in the proofs of our main results.

Definition 1.1. A mapping g : Q — C is said to be measurable if g~} (B N C) € ¥ for every Borel subset
B of X.

Definition 1.2. A function F : Q x C' — C is said to be a random operator if F(-,x) : @ — C' is measurable
for every z € C.

Definition 1.3. A measurable mapping p : Q@ — C' is said to be random fixed point of the random operator
F:QxC—C,if Flw,p(w)) = p(w) for all w € Q.

Definition 1.4. A random operator F': 2 x C' — C is said to be continuous if for fixed w € ), F(w,-) :
C — (' is continuous.

In the sequel, I denotes the identity operator on X, D(T) and R(T") denote the domain and the range
of T, respectively.
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Definition 1.5. Let T : 2 x X — X be a mapping. Then

(i) T is said to be Lipschitzian, if for any z,y € X and w € 2, there exists L > 0 such that

1T (w, z) = T(w,y)|| < Lllx —ylf; (1.4)

(ii) T is said to be nonexpansive, if for any x,y € X and w € Q,
1T (w,z) = T(w,y)|| < llz —yll; (1.5)

(iii) T: Q x X — X is strongly pseudo-contractive [9, [12] if and only if for all z,y € X, w € Q and for all
r >0, k€ (0,1), the following inequality holds:

le =yl <z —y) +7[(I =T = kI)(w,2) = (I =T = kI)(w,y)]], (1.6)
or equivalently iff for all z,y € X, there exists j(x — y) € J(x — y), such that

(I=T)a—(I-T)y,jlx—y)) <kllz—yl*

(iv) T is said to be strongly accretive [9, [12], if and only if for all z,y € X and for all » > 0, k € (0,1), the
following inequality holds:

|z —yll < Iz —y) +r[(T = kI)(w,z) = (T = kI)(w, y)] ||, (L.7)
or equivalently iff for all z,y € X, there exists j(x — y) € J(x — y) such that

(Tz Ty, j(z —y)) = kllz — y|I*;
(v) If T is accretive and R(I + A\T') = X for any A > 0, then T is called m-accretive [25, [31].

A mapping T : Q x X — X is said to be strongly pseudo-contractive if I — T is strongly accretive, hence
the fixed point theory for strongly accretive mappings is connected with fixed point theory for strongly
pseudo-contractive mappings. It is well known that if T is Lipschitz strongly pseudo-contractive mapping
[11], then T" has a unique fixed point.

Lemma 1.6 ([25]). Suppose X is an arbitrary real Banach space, T : D(T) C X — X s accretive and
continuous, and D(T) = X. Then T is m-accretive.

Lemma 1.7 ([31]). Suppose X is an arbitrary real Banach space, T : D(T) C X — X is an m-accretive
mapping. Then the equation x + Tx = f has a unique solution in D(T) for any f € X.

Lemma 1.8 ([13]). Let {z,} be a sequence of real numbers satisfying the following inequality:
Tpp1 < O0xp +0p, n>1,

where x, >0, 0y, >0 and lim 0, =0,0<d < 1. Then x, — 0 as n — oo.

n—o0

Definition 1.9 ([2]). Let T': 2 x C — C be a random operator, where C'is a nonempty closed convex subset
of a real separable Banach space X. Let zp : Q@ — C be any measurable mapping. The sequence {x,1(w)}
of measurable mappings from €2 to C, for n = 0,1,2,... generated by the certain random iterative scheme
involving a random operator T is denoted by {7, z,(w)} for each w € Q. Suppose that z,(w) — p(w) as
n — oo for each w € Q, where p € RF(T). Let {p,(w)} be any arbitrary sequence of measurable mappings
from €2 to C. Define the sequence of measurable mappings k,, :  — R by k,(w) = d(pp(w),{T, pn(w)}). If
for each w € Q, k,(w) — 0 as n — oo implies py,(w) — p(w) as n — oo for each w € €2, then the random
iterative scheme is said to be stable with respect to the random operator T
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2. Convergence and Stability Results

In this section, we establish the convergence and stability results of three step random iterative scheme
with errors (|1.3]) using strongly pseudo-contractive mapping under some parametrical restrictions.

Theorem 2.1. Let X be a real Banach space, T : QA x X — X be a strongly pseudo-contractive Lipschitzian
random mapping with a Lipschitz constant L > 1. Let {x,(w)} be the random iterative scheme with errors
defined by (1.3)), with the following restrictions:

(i) Ba(L —1) + (L — )2+ Boyn(L — 1)? < an{k — (2 — k) L(1 + L)}(1 — 1), (n > 0) ;

(i) lim wup(w) =0, nh_{r;o v (w) =0, nh_}ngo wp(w) = 0.

n—oo

Then the sequence {z,(w)} converges strongly to a unique random fized point p(w) of T.

Proof. From (|1.3), we have

(Tn41(w) — p(w)) + an[(I =T — kl)zpt1(w) — (I =T — kI)p(w)]
=(1 = an)(yn(w) — p(w)) + an[(I = T = kI)zp41(w) (2.1)
+ T(w, yn(w))] — an(l — kI)p(w) + up(w).

Since T is strongly pseudo-contractive and Lipschitzian mapping, so using and (|1.6), we get
1) = p)]| < 201 (w) = p(w) + @ul(l = T = kD)ansa (w) = (I =T = kDp(w)]]|
< (1= an)llyn(w) = p(w)[| + anl|T(w, yn(w)) = T(w, Tns1(w))]]
+ anl(1 = k)||lzni1(w) — p(w)| + [Jun(w)]
(

= (1 = an)llyn(w) = p(w)|| + an T (w, yn(w))
= T(w, znp1(w))[| + an(1 = k)[[2n1(w) — p(w)]| + [Jun(w)],

which implies

[1—an(l = B)l[[zni1(w) = pw)]| < (1 = an)|yn(w) — p(w)]|
+ an [T (w, yn(w)) = T(w, Tny1(w))[ + [Jun(w)],

fensa ) = pl)l < 5t llm(w) = plw)] + o T, g w) -
1 |
= T(w, zps1(w))[| + m”“n(w)”o
Now, ( )
1—a, 1—(1—ayk
1= l—an(l—Fk) 1—an(l—k) 2 1= (1 - axk),
implies
Loon oy ok 2.3
a0-p = =
and
{— an, 1—an(2 k)zl—an(Q—k),

l—an(l—-k) 1—an(l—k)
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implies
— a:‘& — < an(2 = k) (2.4)
and
1 1
1—a,(1—Fk) =% (25)
Using , and , yields
[2n1(w) = p(w)|| < (1 = ank)llyn(w) — p(w)|| + an(2 = k)T (w, yn(w))
~ T,z ()] + )] =0
W, Tpt1 (W . .
Now, using Lipschitz condition on 7" and using , we get
(T (w, 21 (w)) = T(w, yn(w))|| < Ll|zns1(w) — yn(w)]
< Lay () = T(w, g ()] + Lljua(w) .
< Lan|lyn(w) = p(w)|| + Lan||T(w, yn(w)) — p(w)]| 4 L|un(w)]|
< Lo (1 + L)[lyn(w) — p(w)|| + Llun (w)]-
Also, from , we have the following estimate:
() = ()| < (1= ) |zn(w) = p(w) | + Bull T(w, 20 ) = p())]| + [0aw)]
< (1= Ba)llzn(w) — p(w)|| + BuLl|(zn(w) — p(w))[| + [[vn(w)]
= [1+ Bn(L = Dllzn(w) — p(w)]| + [[oa(w)]
= [14 Bn(L = DI = yn)zn(w) + T (w, 2n(w)) + wn(w) — p(w)|| + [lvn(w)]]
< [T+ Bn(L = DT = ) lzn(w) — p(w) | + || T (w, 2n(w)) — p(w)]] (2.8)
+ [1 4 Bn(L = D]lfwn (w)]| + [lon (w)]
< 1+ Bu(L = DJ[(T = ) lzn(w) — p(w) | + Lynllzn(w) — p(w)|]] + lon(w)]]
+ [1 4 Bn(L = D]fwn (w)]|
= [1+ Bn(L = DI(L =y + L) [#n(w) — p(w)]]
+ [[on ()] + [1 + Bn(L = D] |wn (w)]-
Using estimate (| . . ) becomes
1T (w, yn(w)) = T(w, Tny1(w))|| < Lo (1 4 L)1 + Bu(L — D1 = yn + L) [2n(w) — p(w)]]
+ Lan(1+ L)|lvn(w)|| + Lifun(w)]] (2.9)

+ Lan(1+ L)[L + Bu(L — D] lwn(w)].-
Putting values of estimates and . in ., we get

[ €011 (w) = p(w)]]
< (1= ank)[1+ Bn(L = D1 =y + L) 20 (w) — p(w)]]
+ap (2= k)L(L+ L)1+ Bn(L = D)L = 90 + Lyn)[[zn(w) — p(w)]|

+[1 = ank + Laj (2 = k) (1 + D)) [on(w)[| + [Lan(2 — k) + ] [[ua(w)]

+[1 = ank + Lap (14 L)(2 = k)J[1 + Bu(L = D] [[wn(w)]]
= {(1 — Op )[1 + ﬁn(L - 1)](1 — Yo+ L’Yn)
+ (2= k) Lag (1 + L)1+ Bu(L = DI(L = 7 + L) iz (w) — p(w)]

11— ank o+ La3(2 = K1+ D)]lfon(w) | + [Lan(2 — K) + ] funw)]
[ = ank + Lad (14 L)@ KL+ S~ 1)lun(w)]

T =
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= [1 4 Bu(L = DI(L = v + L) [(1 — ank)
+ Loy (2 = k) (1 + L)) (w) — p(w)]|
11—k + LaZ(2 = K1+ D) lon() | + [Lon(@ k) + 3l (w)]
+[1 = ank + Lag (1 + L)(2 = k)L + Ba(L — 1)]|wn (w)]|
=14 Bn(L = DL =y + L) x [1 = an{k = (2 = k)an L(1 + L)} [|n(w) — p(w)]]
2.10
411~ ok + Lad(2 ~ K)(1 + Dllfon(w)| + [Lan(2 — K) + 1] un(w)] (210
+[1 = apk + Laj (1 + L)(2 = B)][1 + Ba(L — 1)]||wn (w)]
<1—[an{k — (2= k)anL(1 + L)} = y(L = 1) = Ba(L = 1) = 1 Bu(L — 1)?][|zn(w) — p(w)]|
+[1 = apk + Laj (2 = k) (1 + L)) [op(w) || + [Lan (2 — k) + %]Ilun(w)ll
+[1 = apk + Laj (1 + L)(2 = k)][1 + Bu(L — 1)][[wn(w)]-
Using condition (i) and -, we have
[2nt1(w) = p(w)[| <1 —an{k — (2 - k)anL(1+ L)}
+ om{k — (2= k)anL(1 4 L)} (1 — t)[Jzn(w) — p(w)]
+[1 = apk + Laj (2 = k) (1 + L)) [op(w) || + [Lan (2 — k) + %]Ilun(w)ll
+ 11—k La2(1 4+ D)2 = B][1+ Fu(L = D) fun(w)] o)
= [1 —an{k — (2 = k)an L(1 + L) }]||zpn(w) — p(w)|| '
+[1 = ank + Lag (2 = k) (1 + L)]||va(w) |
+[Lan(@ = )+ 7 lun (w)]
+[1 = apk + Laj (14 L)(2 = K)][1 + Bu(L = 1)][[wn(w)]-
If we let ooy > o, V 0 € N, then reduces to
[2n1(w) = p(w)[| < [1 —afk = (2 = k)aL(l + L) }i]||zn(w) — p(w)]]
£+ L@~ B+ D en(w)] + (L2~ F) (212)
+ %]Hun(w)H + L1+ 2L(1 + L)][lwn(w)]-
Now, if we put [1 — a{k — (2 — k)aL(1 + L)}t] = ¢ and
14 2= R+ DllonCw)] + |22~ 1)+ 1| Banlw)l| + L1+ 220+ Dl )] = o
then becomes
[#n41(w) = p(w)|| < 6[|an(w) = p(w)|| + o - (2.13)

Therefore, using conditions (ii) and Lemma inequality (2.13)) yields lim ||zp41(w)—p(w)|| = 0, that
n—oo

is {zn(w)} defined by (1.3) converges strongly to a random fixed point p(w) of T

O

Theorem 2.2. Let X be a real Banach space, T : QA x X — X be a strongly pseudo-contractive Lipschitzian
random mapping with a Lipschitz constant L > 1. Let {x,(w)} be the random iterative scheme with errors

defined by (|1.3)), with the following restrictions:
(i) Bn(L—1) + v (L —1)2 + Bpyn(L — 1)? < ap{k — (2 — k)a, L(1 + L)}(1 — ), (n > 0);
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(ii) nh_)rglo up(w) =0, nlg]go vp(w) =0, nh_{rolo wp(w) = 0.

Then the sequence {x,(w)} is stable. Moreover, li_}rn pn(w) = p(w) implies 1i_>m kn(w) = 0.

Proof. Suppose that {p,(w)} C X, be an arbitrary sequence,
kn(w) = [[pp1(w) = (1 = an)gn(w) — anT(w, gn(w)) — un(w)]],
where
an(w) = (1 = Bp)rn(w) + BnT (w, rp(w)) + vp(w),
rn(w) = (1 = yp)pn(w) + 1T (w, pp(w)) + wn(w),
such that nh_)rrgo kn(w) = 0. Then
1Pn1(w) = T(w, p(w)) || = [[Pr1(w) = (1 = an)gn(w) — T (w, gn(w)) — un(w)]

+ (1 = an)gn(w) + anT (w, gn(w)) + un(w) = T'(w, p(w))]| (2.14)
= kn(w) + [[sn(w) = T(w, p(w))]],

where
sp(w) = (1 — ap)gn(w) + o, T (w, gn(w)) + up(w) . (2.15)

From , we have
sp(w) — p(w) + an[(I =T — k1T (w, sp(w)) — (I =T — kI)p(w)]
= (1 = an)(gn(w) — p(w)) + an[(I = T = kI)sp(w) + T(w, gn(w))] — an (I — KI)p(w) + un(w),

which further implies

[sn(w) = p(w)[| < [lsn(w) = p(w) + an[(I =T = kI)sp(w) — (I =T = kDp(w)]|
< (1 = an)l[(gn(w) — p(w))[| + anl[(T(w, gn(w)) = T(w, sn(w)))]| (2.16)
+ an(1 = F)[[(sn(w) = p(w))[| + [[un(w)].

Rearranging terms in (2.16)) and using estimates (2.3)—(2.5]), we get
[sn(w) — p(w)|| < (1 = ank)||(ga(w) — p(w))]|

+ an(2 — k)| T(w, gn(w)) — T(w, sp(w))]|| + [un (w) (2.17)

k

Following the same procedure as in Theorem similar to estimate (2.12)), we have the following
estimate

[sn(w) = p(w)|| < [1 = afk — (2 = k)aL(l + L) }t][[pn(w) — pw)]| + [L + L(2 = k)(1 + L)][[on (w)]

" [L(z k) + H om0 + L1+ 2L(1 + L)] (). (2.18)

Inequality (2.18) together with inequality ([2.14]) yields

[pnt1(w) = T(w, p(w))[| < [1 = afk = (2 = k)aL(l + L)}t][|pn(w) — p(w)]]
1

FL4 LR =R+ Dl + 22 -0+ |l @19

+ L[1 4 2L2(1 + L)]|lwn(w) || + kn.
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Putting [1 — a{k — (2 — k)aL(1 4+ L)}t] = 0 and
14 22 = R+ DllonCw)] + |22~ 1)+ & | Bualw)ll + 211+ 2200+ D)) + o = 0,

and using condition (ii), and Lemma inequality (2.19)) yields nlg]gO |lpn+1(w) — p(w)|| = 0.
i.e lim pp4+1(w) = p(w). Hence given iterative scheme is T stable.
n—oo

Now, let T}Ln;opn(w) = p(w), then using (2.18]), we have

kn(w) = [Ipnt1(w) = (1 = an)gn(w) = anT(w, gn(w)) — un(w)]|
= [Pns1(w) — sn(w)]
< ot (1) = p(w)]| + Isn(w) — p(w) (2.20)
< pas1(w) = p(w)|| + [1 = ek = (2 = k)aL(1 + L) }t]||pn(w) — p(w)]|
+ 1+ L2 = k)@ + Dllva(w)ll + [L(2 - k) + %]Ilun(w)H + L1+ 2L(1 + L)][wn (w)],
which implies nhrglo kn(w) = 0. O

Putting 8, =0, v, = 0, in Theorem and Theorem we have the following obvious corollary:

Corollary 2.3. Let X be a real Banach space, T : Q2 x X — X be a strongly pseudo-contractive Lipschitzian
random mapping with a Lipschitz constant L > 1. Let {x,(w)} be the random Mann iterative scheme with
errors defined by (L.1)) with the following conditions:

(i) 0 <a<ap, (n>0);

(ii) lim wup(w) =0.

n— oo

Then
(i) the sequence {x,(w)} converges strongly to unique fixed point p(w) of T';

(i) the sequence {xn(w)} is stable. Moreover, li_)m pn(w) = p(w) implies h_)m kn(w) = 0, where {z,(w)} C

X is an arbitrary sequence.

Now, we demonstrate the following example to prove the validity of our results.

Example 2.4. Let Q2 = [ , ] and ¥ be the sigma algebra of Lebesgue’s measurable subsets of 2. Take
X = R and define random operator 7' from € x X to X as T'(w,z) = %. Then the measurable mapping
€ : Q — X defined by {(w) = y/w, for every w € ), serve as a random fixed point of T. It is easy to see
that the operator T is a Lipschitz random operator with Lipschitz constant L = 4 and strongly pseudo-
contractive random operator for any k € (0 1) and oy, = 0.0082, £k = 0.9, t = 0.4, 8, =

1 1
@D T = ArL)
lun|l = +1 —=, |lvnll = n+2)2, lwn|| = n+3)2 satisfies all the conditions (i)—(ii) given in Theorem and
Theorem

3. Convergence speed comparison

Let 2 = [0, 1] and X be the sigma algebra of Lebesgue’s measurable subsets of Q2. Take X = R and define
random operator 7" from Q2 x X to X as T(w,z) = 1 — 2sinz. Then the measurable mapping £ : Q — X
defined by &(w) = 0.3376, for every w € (2, serve as a random fixed point of T'. It is easy to see that the
operator T' is a Lipschitz random operator with Lipschitz constant L. = 2 such that T is strongly pseudo-
contractive and «, = 0.002, 8, = ﬁ, Yn = ﬁ, lunl = m, lonll = ﬁ, lwn || = ﬁ,
k=0.9,r=0.2,t=0.5 satisfies the conditions (i)-(ii) given in Theorem [2.1| and Theorem
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New random iterative scheme with errors is more acceptable for strongly pseudo-contractive mappings
because it has better convergence rate as compared to Mann and Ishikawa iterative schemes with errors:

Taking initial approximation zg = 1.8, convergence of new three step iterative scheme with errors,
Ishikawa and Mann iterative schemes with errors to the fixed point 0.3376 of operator T' is shown in the
following table. From table, it is obvious that in deterministic case new three step iterative scheme with
errors has much better convergence rate as compared to Ishikawa and Mann iterative schemes with errors.

Number of Three step Ishikawa iterative | Mann iterative
iterations | iterative scheme scheme with scheme with
with errors errors errors
n Tt Tpt1 Tpt1
1 1.79283 1.79874 1.7945
2 1.78567 1.79749 1.78902
3 1.77853 1.79623 1.78353
4 1.77139 1.79497 1.77806
5 1.76426 1.79372 1.77258
6 1.75715 1.79246 1.76712
7 1.75005 1.7912 1.76166
8 1.74296 1.78995 1.75621
9 1.73588 1.78869 1.75077
10 1.72881 1.78744 1.74533
1547 0.337601 0.593217 0.337846
1548 0.337601 0.592893 0.337844
1549 0.337601 0.592569 0.337843
1550 0.3376 0.592246 0.337841
1551 0.3376 0.591923 0.33784
2019 0.3376 0.47716 0.337601
2020 0.3376 0.47698 0.337601
2021 0.3376 0.4768 0.337601
2022 0.3376 0.47662 0.3376
2023 0.3376 0.47644 0.3376
8888 0.3376 0.337601 0.3376
8889 0.3376 0.337601 0.3376
8890 0.3376 0.337601 0.3376
8891 0.3376 0.3376 0.3376
8892 0.3376 0.3376 0.3376
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4. Applications

In this section, we apply the random iterative schemes with errors to find solution of nonlinear random
equation with Lipschitz strongly accretive mappings.

Theorem 4.1. Suppose that A : Q x X — X be a Lipschitz strongly accretive mapping. Let x*(w) be a
solution of random equation A(w,x) = f; where f € X is any given point and S(w,z) = f+z(w) — A(w, x),
V xz € X. Consider the new three step random iterative scheme with errors defined by

Tny1(w) = (1 = an)yn(w) + anS(w, yn(w)) + un(w),
yn(w) = (1 = Bn)zn(w) + nS(w, zn(w)) + vn(w), (4.1)
zZn(w) = (1 — ) xn(w) + 1S (w, xn(w)) + wy(w), for each w € Q, n >0,

where {un(w)}, {va(w)}, {wp(w)} are sequences of measurable mappings from Q to X, 0 < g, Bn,yn <1
and xg :  — X, an arbitrary measurable mapping, satisfying

(i) Bu(L =1) 4+ (L —1)* 4 Buym(L — 1)? < an{k — (2 — k)a, L(1 + L)}(1 — t), (n > 0)
(ii) TLILH;O up(w) =0, nlgngo vp(w) =0, nhﬁn;() wp(w) =0,

where L > 1 is Lipschitz constant of S(w,x). Then

(1) {xn(w)} converges strongly to unique solution x*(w) of A(w,z) = f;

(2) It is S-stable to approximate the solution of A(w,x) = f; by new three step random iterative scheme
with errors (4.1)).

Proof. Since A(w,x) is Lipschitz strongly accretive mapping, so S(w,z) = f + z(w) — A(w, ) is Lipschitz
strongly pseudo-contractive mapping. Convergence of iterative scheme to the fixed point z*(w) of
mapping S(w,z) is obvious from Theorem and it is easy to see that z*(w) is unique fixed point of S iff
x*(w) is solution of random equation A(w,z) = f. Stability of iterative scheme follows on the same
lines as stability of iterative scheme in Theorem O

From Theorem with ease we can prove the following theorem:

Theorem 4.2. Suppose that A : Q x X — X be a Lipschitz strongly accretive mapping. Let x*(w) be a
solution of random equation A(w,x) = f; where f € X is any given point and S(w, z) = f+z(w) — A(w, x),
V x € X. Consider the random Mann iterative scheme with errors defined by

Tpt1(w) = (1 — an)yn(w) + anS(w, yn(w)) + up(w), for each w € Q, n >0, (4.2)

where {u,(w)} is a sequence of measurable mappings from Q to X, 0 < a,, < 1 and zp : Q@ — X, an arbitrary
measurable mapping, satisfying

(i) a<ap (n>0);
(ii) nh_)rr;o up(w) =0,
where L > 1 is Lipschitz constant of S(w,x). Then
(1) {zn(w)} converges strongly to unique solution x*(w) of A(w,z) = f;

(2) It is S-stable to approzimate the solution of A(w,z) = f; by random iterative scheme with errors (4.2)).
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