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Abstract. In this paper, an improved modified three-step iteration method is introduced
and analysed for fixed points, as well as common fixed points, of asymptotically nonepansive
operators in uniformly smooth and convex Banach spaces. Our results generalize many
relevant results in the literature, including those of Schu [11], Osilike and Aniagbosor [6],
Xu and Noor [14], and Owojori and Imoru [§].

1. INTRODUCTION
An operator T : K — K, where K is a nonempty subset of a Banach space, is
called nonexpansive if for all z,y € K we have
[Tz =Tyl < [z -yl

Goebel and Kirk [3] introduced the concept of asymptotically nonexpansive operators

as a generalization of nonexpansive mappings. An operator 7T is called asymptotically
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nonexpansive if there exists a real sequence {k,} with k, > 1 and nhj& k, = 1 such
that
[Tz = T"y|| < knllz —yll  VneN

Goebel and Kirk [3] proved that every asymptotically nonexpansive selfmapping of a
uniformly smooth and convex Banach space has a fixed point.

The modified Mann and Ishikawa iteration methods given by Schu [11] have been
investigated by several authors for fixed points of asymptotically nonexpansive map-
pings. The modified Mann iteration method in the sense of Xu [17] is given for

arbitrary x; € K by
Tn4+1 = AnTp + bnTnxn + CpUp, n 2 1 (11)

and the modified Ishikawa iteration method in the sense of Xu [17] is also given for

arbitrary x; € K by

Tn = apTy + bnTnyn + Cplin,
o }nZL (1.2)

Yn = a;xn + b/nT"xn + C;vn,
where K is a closed bounded convex subset of a uniformly smooth Banach space;
{u,}, {v,} are bounded sequences in K and {a,}, {b,}, {c.}, {a,}, {b,}, {c,} are

sequences in [0, 1] satisfying
an+bn+cn:a;+b;+clnz 1

for all n > 0.

When b, = ¢, = 0 for all n > 0, then (1.2) reduces to (1.1) the modified Mann
iteration scheme with errors in the sense of Xu [17].

Schu [11] established the convergence of the modified Mann iteration scheme in the
sense of Liu [5] to fixed points of asymptotically nonexpansive mappings in uniformly
convex Banach spaces.

Osilike and Aniagbosor [6] extended Schu’s result to the modified Ishikawa itera-
tion methods with errors given by Liu [5] and Xu [17].

Osilike and Igbokwe [7] established the convergence of the modified Ishikawa it-

eration scheme in the sense of Xu [17] to fixed points of asymptotically nonexpansive
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mappings in uniformly convex Banach spaces, when the boundedness condition is
relaxed.

Also, Qihou [9] established the convergence of the modified iteration scheme in the
sense of Xu [17] to the fixed point of asymptotically quasi- nonexpansive mappings
in uniformly convex Banach spaces.

Xu and Noor [14] introduced and analysed the following modified three-step iter-

ation scheme for asymptotically nonexpansive mappings in Banach spaces :

Defintion 1.1. Let D be a nonempty subset of a normed space B andT : D — D
be a mapping. For a given x, € D, compute sequences {x,}, {yn}, {zn} by the

iteration scheme
i1 = (1 —ap)x, + Ty,

Yn = (1 = Bp)xy + 5,172, n>0 (1.3)
Zn = (1 = vn) Ty + v T2y
where {a,}, {Bn} and {v,} are real sequences in [0, 1].

We observe that when ~,, = 0 then (1.3) reduces to

Tpr1 = (1 —ap)zn + @ Ty,
+1=( ) >0

which is the modified Ishikawa iteration scheme (without errors). In addition, when

Bn = Yn = 0, then (1.3) reduces to the modified Mann iteration scheme given by
Tpr1 = (1 —ap)x, + @, Tz, n>0

Xu and Noor [14] then established the convergence of (1.3) to the fixed point of
asymptotically nonexpansive operator in uniformly smooth Banach space. Owojori
and Imoru [8] also introduced a three-step modified iteration scheme with errors which
include that of Xu and Noor [14] and the others as special cases. The following result

was then established in [8].

Theorem 1.2. Let B be a p—uniformly smooth Banach space and K a nonempty
closed, bounded and convex subset of B. Suppose T is a uniformly continuous asymp-

totically nonexpansive selfmapping of K with real sequence {k,} satisfying k, > 1 and
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kP +1 < p, p > 1. For an arbitrary given x1 € K, define sequence {x,} generated

iteratively by
Tpa1 = Ty + b, Ty, + c, T"x,

Yp = @,y + b, T2, + C, 0 n>1 (1.4)
2y = a;;:vn + b:LT"xn + c;;wn
where {v,}, {wn} are arbitrary sequences in K and {a,}, {a,}, {a.}, {b,}, {b,},
(b}, {ca}, {c,}, {c.} are real sequences in [0,1] satisfying the following conditions
(i) ap + b, +cp=a, +b,+c, =a, +b +c, =1
(i) > b, = 0,
(111) ay = by + Cny B = b + &)y =02 + ¢,
[+ Bukh (1 + 7k8)] < S
Then the sequence {x,} converges strongly to a fized point of T.
Xu [16] studied the characteristic inequalities of uniformly smooth Banach spaces
with modulus of smoothness of power type ¢ > 1. He established the following result.
Lemma 1.3. Let B be a uniformly smooth Banach space. Then B has modulus
of smoothness of power type ¢ > 1 if and only if there exist j,x € J,x and a constant

¢ > 0 such that
|z +yl|? < |zl|7 4+ ¢ <y, jo(z) > +clly|? (1.5)

forall z,y € B.
By replacing y with (—y) in (1.5), we obtain

v =yl <|z]|!—q <y, j(x) > +y|
I I [l () > +|lyll (16)

< [l + [lyl?
forall z,y € B.

Applying Lemma 1.3, Chidume and Osilike [2] estabilshed the following result
in real uniformly smooth Banach spaces with modulus of smoothness of power type

qg > 1.

Lemma 1.4. (Chidume and Osilike [2]) Let B be a uniformly smooth Banach
space with modulus of smoothness of power type ¢ > 1. Then for all x,y,z € B and
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A € [0,1], the following inequality

Aa+ (1= Ay — 2] < [1—A<q—1>wy—zuq+“"x_zuq} 17)

AL = ATl -y
holds, where c 1s a positive constant.

The following classical result is also required in the proofs of our results in this

study.

Lemma 1.5. (Weng [13]) Let {®,} be a nonnegative sequence of real numbers
satisfying
O, < (1—=6,)P, +0, (1.8)

where §, € [0,1], >0, = o0 and o,, = 0(d,,). Then nh_)nolo ®, =0.

It is our purpose in this paper to introduce and analyse a more acceptable modi-
fied iteration method with errors and apply it to approximate fixed point as well as
common fixed point of asymptotically nonexpansive operators in uniformly smooth

and convex Banach spaces.

2. PRELIMINARIES AND MAIN RESULTS

Definition 2.1. Let K be a nonempty closed bounded convex subset of a uniformly
smooth Banach space and suppose T, S are uniformly continuous asymptotically non-

expansive selfmappings of K. Define sequence {x,} iteratively for arbitrary x, € K

by
Tpt1 = ApTp + bnTnyn + Cnsnxn

Y = a, T + b, S"2, + C, U, n>1 (2.1)
2y = a;;acn + b;;T”xn + c;;wn
where {uy,}, {va}, are arbitrary sequences in K and {a,}, {a,}, {a.}, {bn}, {b,},
(b}, {ca}, {c,}, {c.} are real sequences in [0,1] satisfying the following conditions
(i) an+ by, +c,=a, +b, +c,=a,+b, +c,=1,
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(ii) > b, = 0,
(Z”) Qp = bn + Cp, ﬁn = bn/ + Cn/a Tn = bn” + Cn”
We call the iteration scheme (2.1) above, ‘the modified three - step iteration method

with errors’.

Remark. When S = T in (2.1) above, then it will reduce to (1.4). Also, since
S is a continuous selfmapping of the convex set K, there exists an element u, € K

such that S"x,, = u,. Therefore, (2.1) yields
Tpt1 = ATy + bnTnyn + cpp
Yo = @,y + b, S"2, + v, n>1 (2.2)
Zp = a;xn + b;;T"xn + c;wn
Now, when S = T in (2.2), we have a special case of (2.2) given by
Tp4+1 = AQpTn + bnTnyn + cpuy,
Yo = @, Ty + b, T2, + €, 0, n>1 (2.3)
Zp = a;xn + b;;T”xn + c;;wn
where {u,}, {v,} and {w,} are bounded sequences in K and {a,}, {a,}, {a,}, {bn},
(b}, {6}, {ca} . {c,}, {c.}, are real sequences in [0, 1] satisfying
(i) an +bp+con=a,+b, +c, =a +b, +c, =1,
(ii) Y b, = o0

Observe that, if in (2.3) we set

then the scheme will reduce to
Tpi1 = Xy + b, Ty,
Yp = a/nxn + b;T“zn n>1
Zy = a;;xn + b:LT”:L'n

"

where {a,}, {a,}, {a.}, {b,} {b,}, {b.}, are real sequences in [0, 1] satisfying

an—i—bn:a/n—l—b/n:a;;—l—b;;zl and ) b, =00
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This is equivalent to (1.3) - the modified three-step iteration scheme of B. Xu and Noor
[14], with a,, = b,, B, = b,,, 7u = b.. Therefore, the modified three-step iteration
scheme with errors given by (2.3) above is clearly an extension of the scheme (1.3)
introduced by Xu and Noor [14]. Clearly, the modified iteration scheme given by (2.3)
is also an extension of the existing modified Mann and Ishikawa iteration methods

with (and without) errors in the sense of Liu [5] and Xu [17].
Our result is the following.

Theorem 2.2. Let B be a uniformly smooth Banach space and K a nonempty
closed bounded and convex subset of B. Suppose T is a uniformly continuous asymp-
totically nonexpansive selfmapping of K with real sequence {k,} satisfying, k, > 1,Vn,
lim k, =1 and k2+1 < p, p > 1. For a given x, € K, define sequence {x,} generated

n—oo

iteratively by

Tp+1 = AQndp + bnTnyn + chun
Yn = a;xn + b;T”zn + c;Lvn n>1

1" 1" 1"
Zn = G, Ty + 0, T"x, + ¢, wy,

where {u,}, {vn}, {wn} are arbitrary sequences in K and {a,}, {a,}, {a.}, {bn},
(b}, b}, {cn} , {c,}, {c.}, are real sequences in [0,1] satisfying the following
conditions

(i) ap + by +co=a, +b,+c,=a, +b +c, =1,

(ii) by = 00,

(111) o = by + Cny B = b + &)y =0, + &)

: 1
(W) (p =1 = k) < i

Then the sequence {x,} converges strongly to a fized point of T.

Proof. By Goebel and Kirk [3], T" has a fixed point in K.

Let 2* € K be a fixed point of T. Then, from our hypothesis and Lemma 1.4, we
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have the following estimates.

|20 — 2*||P = |la,2zn + b, T, + C,wp — *||P
= [T = ) (@ = 27) + (T 2y — 27)] =, (T"w0 — wn)[I?
1= (p = DI (2 — 2%) = c,(T"a0 — wi)|I?
A l[(T@n — %) = (T2 — wy)||P
= (1 =BT 20 — 2*) = (z0 — 2P

IN

Observe that 7, (1 —+2~!c) > 0. Therefore, expanding further, we obtain

2o — 2P < (L= 7a(p = D][llan — 2*|P + cc, | Tz — wal|?
—p < c;;(T"xn —wy), j(x, —x*) >
+vell| Tz, — x* p+cc;; Tz, — wy,l?

gl [||” | I | (2.4
—p < ¢, (T"xy — wy), j(T"x, — z*) >
[1— (P — D]lllzn — 2*|]P + cep | T 20 — wal|”]

| T — P + cep | T"wn — wp)|IP]

IN

Continuity of 7" and boundedness of K implies that there exists a real number N, < co
such that |77z, — wy|? < Ny Observe that ¢,c, < 1 and T is asymptotically

nonexpansive. Therefore,

[2n =[P < [1=(p = Dllon — (P + vol[T" @ — *||7
+[1 - ’Yn(p - 1) + /yn]N4

(2.5)
< [L=mlp =k’ = Dlllzn — 2P +{[1 = yn(p = ] + 1} Na
= == ka” = Dlllen — 27[[P + [1 = 3 (p — 2)] Ny
We also have the following estimates :
|yn — ¥ = ”a;zxn + bInTZn + C;zvn —a*||?
= [[(1 = Bu)(zn — %) + Bu(T"2n — 27) — c;l(T"zn — )P
< [1=08ulp = DIll(xn —2") — C;(Tnzn —vp)|IP (2.6)

+Bncl(T"2n — %) — C;l(TnZn — o) I
—Bu(1 = BT 20 — %) — (20 — ) |]P

Expanding further and considering the fact that ¢, c,’ < 1 and 3,(1 — 87"1c) > 0, we
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have
[y — 2|7 < [1 = Bulp = DI{llzn — 2|7 + |T" 25 — va ||

—p < (T2 — vp), j(T, — ) >}
0T 20 — 2 |[P + 1T 20 — va”
—p < cn(Trzy —vy), j(T" 2, — x*) >}
< [ =Bulp = D llzn — 27|P + [T 20 — va|}
0T 20 — 2|[P + 1T 20 — a7}
Since T' is continuous on K, then there exists a real number N5 < oo such that
|77z, — v,||? < N5. Therefore
I =217 < 1= Bl = Dl — 21+ Bl T2 — 27|
HIL = Bu(p— )]+ 5.}V
< 1= o~ Dlllen — P + Aokl — 27
L= Bulp — 2N
Substituting (2.5) into (2.8) and setting Ng = max [Ny, N5|, we have
e =P < (L= Bulp — D]l — a*[F
0k [L = (P — K = D]([|ln — 277
+Bkh[1 = Ya(p — 2)]Ns + [1 = Ba(p — 2)|Ng (2.9)

(2.7)

(2.8)

< A= Bulp = D]+ Buki[1 = vl — K = D]}l — 2*[P
+0akR[L = m(p — 2)]N6 + [1 — Balp — 2)]1Ng
Finally,
|Tne1 — 2P = |lanxn + 0, T"yn + cruy, — x*||P

= (A —an)(zn — 2%) + an(T"yn — 27) = ca(T"yn — un)||?
< [T=an(p = Dlll(@n = 27) = cn(T"yn — un) |7
+anc|(T"yn — %) = ca(T"Yn — ua) [P
—on(1 = ol V) (T yn — %) = (20 — 2*)|”
Expanding further and observing that a,,(1 — a{P~Y¢) > 0 for all n > 0, we have:
[znir =277 < [1=on(p = D{llzn — 277 + ccnl|T"yn — ua[}
Fanc{|[T"yn — 2|17 + cenl T"yn — unl|"}
= [L=an(p = Dlllzn — 27[I” + anc|T"yn — 2|7
+[1 = anlp — 1)en + ancen] [Ty — un|l?

(2.10)
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But T is asymptotically nonexpansive, ¢, < a, and ¢ < 1. Therefore, simplifying

(2.10), we have :

[enis =2 IP < 1= an(p = Dlllzn — 277 + ankf{llyn — 27[|7

(2.11)
+[1 - an<p - 2)]||Tnyn - uan

Since 7' is uniformly continuous on the bounded set K, then there exists a real number
N7 < oo such that || Ty, — u,|| < N7. Substitute (2.8) into (2.10) and observe that

¢, < 1, for all n, we have

[2ns =[P < [1 = an(p = Dlllzn — 27" + K anllyn — 27|17

+[1 = an(p — 2)]N7

[1 = on(p = Dlfan — 277 + ke {[1 = Bu(p — 1)]

+BnRE[L = Yo (p — K = DI} n — 2P + oSk [L — v (p — 2)INg
Fonkp[l = Bu(p — 2)]Ne + [1 — an(p — 2)] N7

IA

Let Ng = max|Ng, N7|, then we have

[2n1 =[P < {1 = an(p = D] + ko[l = Bu(p — 1)]
Bk [1 = Yu(p — B = D]}an — 277

(2.12)
+{anﬁnkip[1 — (P = 2)] + ankh[1 = Bu(p — 2)]
+[1 — an(p — 2)]} Ng
Let
pn = |lzn — 2*[|P
Then (2.12) becomes
Prr1 < (1= t0)pn + o (2.13)
where
th = an(p—1) = khan[l = Bu(p — 1)]
_O‘nﬁnkzp[l — Yulp — Kk = 1)]
and
_ 2p[1 _ _ Pl1 _
On = {nBukP[1 = vu(p — 2)] + kb [1 — Bu(p — 2)] (2.14)

+H[1 = an(p — 2)]}Ng
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From our hypothesis, it is clear that o, = o(t,) and > on>1tn = 00. Also,

tn = an(p—1) = kaa[l = Bulp — 1)]
— 0Bk [1 — yn(p — K5 — 1)

= on(p—1) = ankh + Bkl (p — 1) — an B,k
+anBo ki (p — 1 — k)
anlp — 1 — kb + an B, k5 [p — 1 — K]
o By ki [p — 1 — k)
= [p—1— k]l + an Bk 4 v Bumki?)
< [p— 1= KBJ[L + BukE + Burynki?)

We observe from our hypothesis that t, > 0 and ¢, < 1, i.e. £, € [0,1]. Hence, by

Lemma 1.5, we have

AP =0
This implies that {x,} converges strongly to z*. The proof is complete. ]

Remark. Theorem 2.2 represents an extension of previous relevant results of
Schu [11], Rhoades [10], Osilike and Aniagbosor [6], Osilike and Igbokwe [7] as well
as Xu and Noor [14] to the more general modified Ishikawa type iteration scheme.

We now consider the modified iteration procedure given by (2.1) for fixed points
of asymptotically nonexpansive operators in uniformly smooth Banach spaces. Our

result is the following.

Theorem 2.3. Let B be a uniformly smooth Banach space and K a nonempty
closed bounded and convexr subset of B. Suppose S, T are uniformly continuous
and asymptotically nonexpansive selfmapping of K with real sequence {k,} satisfying

k, > 1. Define sequence {x,} iteratively for arbitrary 1 € K by

Tpt1 = AQpp + bnTnyn + CnSnxn

Yn = a/nxn + b;bS”zn + C;ﬂ)n n>1

2y = a;;xn + b;;T"xn + c;;vn
where {u,}, {v,}, are arbitrary sequences in K and {a,}, {a,}, {a.}, {b.}.{D.},
(b0}, {ea}, {c,}, {c.}, are real sequences in [0, 1] satisfying the following conditions
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(i) @n + b, +cp=a, +b, +c, =a, +b +c =1,

(i) > b, = 0,

(101) Qv := by + Cp, B i= b/ + ¢y =07 + ¢,

0<(p—1—k) <1, 1+ Bak(1+7k) < oo

If S and T have a common fized point in K, then the sequence {x,} converges strongly

to the common fixed point of S and T

Proof. By Lemma Goebel and Kirk [3], S and T have fixed points in K. Let
r, € K be the common fixed point of S and 7. From the above hypothesis and

Lemma 1.4, we have the following estimates.

11 = 7a) (@0 = @) + 73 (T7T0 — o) — € (T"n — wy/”
[ = Ya(p = DIll(z0 = 20) = cp(T"@n — wa) [
A (T 0 — @) = (T 20 — wy)|IP

(L = BT 20 = 20) — (w0 — o) |IP

|2 — mo||?

IA

Observe that 7, (1 — 427 '¢) > 0 and expand further, we have

20 — zollP < [1 = n(p — D20 — 2olP + cc, [ T2 — wpl|?
—p < c:L(T”xn —wy), j(x, —x,) >}
+ Y| T, — x, p+cc;; Tz, — wy,l?
{H,, | I | (2.15)
—p < ¢, (T, — wyp), j(T"x, — x,) >}
< 1= (p = DH{llzn — zo|? + cc, | Tz, — wi| P}

+'7nc{||Tn$n — TP + CC;;HTnxn - wn)”p}

By uniform continuity of 7" and boundedness of K, there exists real number Ny < oo

such that ||z, — w,|[? < Ny. Observe that ¢, c, < 1. Then, from (6.20) we obtain

lzn = ol|” < [1 = n(p = Dllen = ol|” + 7al[T"2n — || + [1 = 7y (p = 2)] N

< [L=mmp =K = Dlllen = zol[” + [1 — yalp — 2)INo
(2.16)

(since T is asymptotically nonexpansive)
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yn = 2oll” < N1 = Ba)(@n = x0) + Ba(S"2n = 20) = €, (5" 20 — va) 17
< (1= Bulp = D]l (@0 = 20) — ¢, (82 — va)|IP
+Bnc||(S™ 2 — ) — €, (S 20 — vn)||P

—Ba(1 = B OI(S™ 20 — o) — (w0 — o) ||

Expanding further and considering the fact that ¢, ¢, <1 and
Bn(1— 3P~1c) > 0, we have

[gn = woll” < [1 = Bulp = DI{llzn — oll” + 15" 20 — vnll”

—p < cn(S"zp — ), J(Tn — o) >}
FBu{l15" 20 — @o||P + (5™ 20 — va|?

—p < cn(S"z, —vn), j(S"2, — x,) >}

[1 = Bu(p — D20 — 2ol” + [[S" 2 — va|P}
FOuf115" 20 — @o||P 4 || S" 20 — vnP}

IN
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(2.17)

Since S is uniformly continuous on K, there exists a real number N, < oo such that

1S"zn, — vn||P < N,.

obtain

[Yn — o|[”

Observing further that S is asymptotically nonexpansive, we

< [ =Bup = Dlllzn — zolP + Bl S 20 — 20|
+[1 = Bulp = 2)IN,

< 1= Balp = Dlllzn — 2P + Bukfl|zn — ol|”
+[1 = Bulp — 2)IN,

Let @1 = max[Ny, N,] and substitute (2.17) into (2.18), we have

1Y = 0|7

<

VAN

[1 = Ba(p = Dl|2n — 207

+Bk3 (1 — m(p — K — D]([|zn — 20?

FBRE L — yn(p = 2)]Q1 + [1 = Bu(p — 2)]|s

{1 = Balp = DI+ Bukh[1 — yu(p — kL — DIH 20 — 20
HHBukh[1 = vulp = 2)] + [1 = Bu(p — 2)J1

(1= Ba(p = 1= Kb) — Buynkl(p — kb — D]z — ||
(1 = Bu(p — 2) + Bukh (1 — yu(p — 2))]C1

(2.18)

(2.19)
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We finally have the following estimates.

||xn+1 - xo||”

IN

|lanxn + b T"yn + ¢ S™x, — x,||P
11 = an)(@n — @n) + @a(T"Yn — 3) = Ca(Ty — S")|?
[1 = an(p = D]ll(zn — 20) = cn(T"yn — 5"z |7
Fonc||(T"yn — o) — cn(T"yn — 5" |I”

an(1 = alPVe)[(Ty, — o) — (0 — x,)[|”

But a,(1 — aP~Y¢) > 0, therefore further expansion yields

[Zni1 = @7 <

IN

1= au(p = D70 — ll? + ccall T — S
—p < Ty — S™x)j(T0 — ) >}

Fanc{[[T"Yn — o|” + cn||T"yn — S"xn|”

—p < (T — 5"20 ) j(T"yn — ) >}

[ —an(p = D]llzn — z||”

+[1 = anlp = 2IT"yn — S"@ull? + ankf||yn — o”

(2.20)

T and S are uniformly continuous on K implies there exists a real number ()5 < oo

such that [|[T"y, — S"z,[|P < Q2. Therefore substituting (2.19) into (2.20), we have

[Zp41 = @o|P <

where

[1 = an(p = D20 — 2ol? + [1 — an(p — 2)]Q2

kbl = Ba(p — 1 = kD)(1 + vk ]| 20 — 2ol

Fankh [l — Ba(p — 2 — k) + Bukbyn(p — 2)]@1

{1 —an(p—1)] (2.21)
+onkh[1 = Bu(p — 1= KR) (1 4+ 7k Hlzn — 267 + 0%

{1 —an(p—1—E)[1+ BukE) (1 4 kb)) Hlzn — x|

+o,

on = [1 = an(p —2)|Q2 + ankh[1 — Bu(p — 2 — kL) + Bukhvu(p — 2)]Q1

Let

tp = a/n<p —-1- kg)[l - ﬁnkg)(l + r)/nkg)]
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From our hypothesis, we see that ¢, € [0,1]. Also Y ¢, = 0o and o,, = o(t,,).
Now, let

||xn - :EOHP - (Dna

then (2.21) reduces to

CI)nJrl S (1 - Zfn)q)n + o

Hence, Lemma 1.5, ®,, — 0 as n — oo. This implies that {x,} converges strongly to

the common fixed point of S and T'. The proof is complete. |

Remark. Theorem 2.3 generalizes relevant results on fixed points of asymptot-
ically nonexpansive operators to the modified general Ishikawa iteration procedure
in Banach spaces. When S = T in Theorem 2.3, then we obtain Theorem 1.2 as
a special case. Hence Theorem 2.3 is a generalization of the result of Owojori and

Imoru [8], Theorem 2.2 and other relevant results in the literature.
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