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Abstract

In this paper, we study some cases of a common fixed point theorem for classes of firmly
nonexpansive and generalized nonexpansive maps. In addition, we establish that the Picard-
Mann iteration is faster than Noor iteration and we used Noor iteration to find the solution of
delay differential equation.
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1. Introduction
Let B be a non-empty subset of a Banach space M. A mapT on B is called nonexpansive

[1]. if [[Ta —Thb|| < |la — b|| foralla,b € B and F(T) denoted the set of all fixed points of
T. In 1973, Bruck [2]. introduced a map called firmly nonexpansive map in Banach space.
Certainly, every firmly nonexpansive is nonexpansive.

To discuss the convergence theorem for a pair of nonexpansive maps S and T on B to
itself, a generalization of Mann and Ishikawa iterations was given by Das and Debata [3]. and
Takahashi and Tamura [4]. This iteration dealt with two maps:

a, €B
by = fnan + (1 = Br)Ta,
Ans1 = Apay + (1 — a,)Shy, vn € N
where (a,,) and (8,) € [0, 1].

The aim of this paper is to prove some strongly convergenve theorems for approximating

common fixed points of firmly nonexpansive and generalized nonexpansive.

2. Preliminaries
We will suppose that M is a Banach space and B is a non-empty closed convex subset of

M. F(T,S) denoted the set of all fixed points of Sand T.
A sequences (a,,) in B is called :
Picard-Mann hybrid [5].
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Anyq = Shy
b,=1-ay)a, +a,Ta,, VneN 1)
where (a,,) is a sequence in (0,1).
And a sequence (w,,) in B is called:
Noor iteration [6].

Wni1 = (1 — ap)wy, + a,Suy,

Un = (1 - ,Bn)Wn + BT,

vy = (1= vdwn + v Twy ,VneN (2)
where (a,,), (B,) and (y,,) are sequences in [0,1].
Defintion(1)[2]: A map T:B — M is called firmly nonexpansive map if [|[Ta —Th|l <
|(1 =¢t)(Ta—Th)+t(a—b)||,Ya b €Bandt = 0.
Defintion(2)[7]: A map T: B — M is said to be generalized nonexpansive map if there are
nonnegative constants &, u and w with § + 2y + 2w < 1suchthatva,b € B

ITa —Tbl|l < élla — bll + uflla —Tall + lIb — Thll} + w{lla — Tbll + ||b — Tall}
Khan. And Fukhar-ud-din [8]. 2005, introduced the concept of condition (4") to prove the

convergence of two-step iterative scheme with errors to common fixed points of two
nonexpansive mappings, see also [9,10]. and [11].
Definition(3)[9]: Two maps are called satisfing condition (A) if there is a nondecreasing
function g:[0, ) — [0, o) with g(0) = 0,g(i) > 0,V i€ (0,00) such that: Either ||a —
Tal| = g(D(a, F)) or |la — Sal| = g(D(a, F)),V a € B where D(a,F) = inf{||la —
a*|l; a* e F}and F = F(T) N F(S).
Definition(4)[12]: A map T: B — B is called affine if B is convex and T(ra+ (1 —r)b) =
rT(a) + (1 —7r)Th,Va,b € Bandr € [0,1].
Definition(5)[5]: Let (f,) and (g,) be two sequences of real numbers that converge to
f and g, resepectively. Assume that there exists a real number [ such that:

=11l _,

1 —_ -

n-o || gn, — gl -
If [ = 0, then we say that (f;,) converges faster to f than (g,) to g.

Lemma(6)[13]: Let (¥;,)"n=0 and (3,)"n=0 be nonnegative real sequences satisfying the
inequality:

Yn+1 < (1 - Tn)yn + Hn
where 7,, € (0,1),Vn = ngy, Yogq T, = % and :—n — 0 asn — oo, then lim,_,, ¥, = 0.

n

Lemma(7)[14]: Let M be a uniformly convex Banach spaceand 0 < [ <t, <k <1,Vne
N. Suppose that (a,)and (b,) are two sequences of M such that lim,_l|la,| <
m,lim,_||by|| < m and lim,_ .||t a, + (1 — t,)b,|| = mhold for some m > 0. Then
lim,,_ella, — byl = 0.

3. The Main Results

Lemma (3.1): Let M be a Banach space,B € M, T:B — B be a Lipschitzain and firmly

nonexpansive map and S: B — B be Lipschitzain and generalized nonexpansive map. Let

1-(a,) defined in (1) where (a,) € (0,1),n € N.

2-(wy,) defined in (2) where (a,,), (8,) and (y,,) € [0,1].

If F(S,T) #+ @, then lim,_,|la, — a*|| and lim,_,.|lw,, —a*|| existV a* € F(S,T).

Proof: Leta' € F(T,S).

1- Now, to proof lim,,_,||a,, — a”|| exists. Let the sequence (a,,) be as shown in step (1), so
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lan+s — a’ll = ISby, — a”||

< Ollbp — a*ll + uflla” — a”|| + l|bp, — Sbyll} + w{lla” — Sby|
+ ”bn - a*”}

< (6 + 2Ku + 2Kw)||b,, — a*||

< (6 +2u+2w)l|lb, — a*|

= ”(1 - an)an + anTan - a*”

< (1 - an)”an - a*” + an(l - t)”Tan - a*” + ant”an - a*”
< (1 - an)”an - a*” + an[(l - t)k + t]”an - a*”
< llan —a’ll
Then, lim,,_, . ||a,, — a*|| exists Va* € F(T,S).
2- Now, to proof lim,,_, ., [|w,, — a”|| exists. Let the sequence (w,,) be as shown in step (2), so
lv, —a”ll < (1 = y)llwn — a*ll + yullTwy, — a’ll
< (1 =y)llwy — a*ll + val(1 = Ok + tlllw, — a”l
< (1 —Ynt Vn)”Wn - a*”
< [wyp, — @’
lun — a’ll < (1 = B)lIwy — a*ll + BullTvy, — a”l|
< (1 -B)lwy —a’ll + Bul(1 — Ok + t]|lvy, — a||
< (A =B+ B)llwy —a’ll
< [lwy, — a|]
Now,
Wn+1 —a’ll < (1 — a)llwy — a*ll + @ llSu, — a”l
< (- a)lwy — @'l + an (8 + 21 + 20) [luy, — a’|
= (1 —ap+ an)”Wn - a*”
< llwy, — a|]
Then, lim,,_, |[|lw, — a*|| exists Va* € F(T,S).
Lemma(3.2): Let M be a uniformly convex Banach space and B € M. Let
1- T: B — B be a Lipschitzain and firmly nonexpansive map, S: B — B be affine, Lipschitzain
and generalized nonexpansive map and (a,,) defined in (1) .
2- T: B = B be a Lipschitzain and firmly nonexpansive map, S: B — B be Lipschitzain and
generalized nonexpansive map and (w,) defined in (2). Suppose that |la —Tbh| <
||ISa — Th||,V a,b € B holds. If F(S,T) # @, then:
rlli_l;go”Tan —ayll=0= Tlll_l;rgollsan — ayl|l and rlll_l;glollTWn —wyll=0= rlll_l;{)lo”SWn — whll.
Proof: Leta'€ F(T,S).
1-By Lemma (3.1) lim,_lla, —a*|l exists Va* € F(T,S). Suppose that lim,_|la, —
a’|l=c¢,Vc=0.
If ¢ = 0, no prove is needed.
Now suppose ¢ > 0,

lanss — a*ll = ISby, — a”||
< |lbp — a”||
By Lemma (3.1), we show that ||b, — a*|| < ||la, — a*]| .

This implies to:
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lim||b, —a*|| =c
n—->oo
Next consider.
¢ =lby —a’ll <1 - ayllay — a*ll + anllTa, — a’|l
By applying Lemma (2.7), we get:
lim|la, —Ta,|| =0
n—-oo
¢ = lim|lay4; —a*ll = lim[|Sb, — a”||
n—oo n—oo
and,
”S[(l - an)an + anTan] - a*” < (1 - an)llsan - a*” + an”STan - Cl*”
By applying Lemma (2.7), we get:
lim ||Sa,, — STa,|| =0
n—-oo
Now,
”San - an” < ”San - STan” + ”STan - an”
By using the hypothesis condition, we obtain:
ISa, — a,|l < 2||Sa,, — STa,|| = 0 as n — .
Thus,
lim||Sa,, — a,|| = 0.
n—-oo
2-By Lemma (3.1) lim,,_, . ||w,, — a*|| exists Va* € F(T,S). Suppose that lim,,_, . ||w,, —
a’|l=cVcec=0.
If ¢ = 0, no prove is needed.
Now, suppose ¢ > 0,
Since ||Tw,, — a*|| < ||lw,, — a™||,and as proved by Lemma (3.1)
ISun, — a”ll < llu, —a*lland [[Tv,, — a’|| < [lvy, — a”|l.
Then, lim,,_, o ||[Tw,, — a*|| < ¢, lim, Lo ||Su, — a*|| < cand lim,_||Tv, —a*|| < ¢
Moreover,
lim [lwpy; —a*|l = ¢
n—->oo
¢ = [Wny1 —a’ll < (A = a)llwy — a”ll + @, llSu, — a”||
By applying Lemma (2.7), we obtain:
lim ||w,, — Su,|]| =0
n—o0o
Next,
. . yields . . .
W, = a”ll < lwp = Sl + ISun — @*ll — ¢ < lim infllu, —a’ll

Therefore, we get:

lim||u, —a*|| =c
n—-oo
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¢ = lup —a*ll < (1 = B)llwn — a”ll + BullTv, — a”l

< (1= Bllwy — a*ll + Bal(1 = Ok + t]llv, — a”|]

< (1= Bllwy — a*ll + (1 = y) llwy, — *|l

+BnYullTwn — a”||

< (1 - Buvdllwy — a’ll + BuyullTwy, — a’|]

So, by applying Lemma (2.7), we obtain:
Iim [lw,, = Twy|l = 0.
Next,
lwn = Swall < llwn = Supll + ISun — wall + llwy, — Swall
Letting n—oco, we obtain:
lwn — Swyll < llwy, — Swill

That means lim,,_,o, |[|[w;, — Swy|| = 0.
Theorem (3.3): Let T: B — B be a Lipschitzain, firmly nonexpansive map, S:B — B be a
Lipschitzain and generalized nonexpansive map, with F(S,T) # @ and,
1- (a,,) defined in (1) and (a,,) € (0,1) satisfying .72, a; = co.
2- (wy,) defined in (2) and (a,,), (B,) and (y,,) € [0,1] satisfying X.72, a; Bivi = .
Then (a,,) and (w,,) converge to a uniqgue common fixed point a* € F(S,T).
Proof:
1-llby — a’ll < (1 = apdllan — a’ll + auliTa, — a||
<A -apllan — a’ll + an[(1 = Ok + t]lla, — a’ll
Suppose § = (1 —t)k +t
<(1-01-9aylla, —a’ll
lanss —a*ll = ISby, — a”|
< 6llby — a*ll + pflla” — a*ll + ||bp, — Sbyll} + w{lla® — Sbyll + by, — a”|I}
< (6 +2u+2w)||b, —a*||
< |[by — a’||
<A-0A-9Yalla, —a’ll
By induction:
llan+: —a*ll < Ti=e(1 — (1 — Hallap — a’l
< llag — a*lle"@=O 2o
Since Y2, a; = 00, e~ 19 Ziz0% - 0 gs 1 - oo,
Thus, lim,,_,|la, — a*|| = 0.
2-|lvy, — a”ll < (1 = y)llwy, — a*ll + yullTwy, — a”|]
< (1 = y)llwy — a*ll + a1 — Ok + t]llw, — a”l
Settingé =(1—-t)k+t
<SA-v+ Vn‘f)”Wn —a’|
lun — a’ll < (1 = B llwy — a*ll + BullTvy, — a”||
< (A= Bllwy —a*ll + Bréllvy, — a’ll
< (1= B)llwn —a*ll + Bn(1 = ¥n + ¥ llwn, — a’||
= (1 - .Bn)”Wn - a*” + Bn(]- ~Vnt ynf)”Wn - a*”
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Now,
Wnt1 —a®ll <= (1 = ap)llwy — a”ll + anllSuy — a’ll
< (A = allwy — a’ll + an[ 8llun — a™ll + pllla” — a”|l + llun — Sunll}
+ wflla® = Sup |l + llu, — a|I3]
< (= aplwy = a’ll + an (8 + 2p + 20)[Juy — a”||
< (1 - an)”Wn - a*” + an(l - ﬁn)”Wn - a*”

+an,fn(1 = ¥n + v llwy, — a||

< [1 - anﬁnyn + aanan]”Wn - a*”

< [1 = anBn¥ulllw, —a’||
By induction:
IWny1 — a’ll < Tlizo[1 — @iBivilllwg — a”||

< |lwg — a*||e~ Zizo @iBivi
Since Y72, a; iy = oo, e~ L0 %iPi¥i 5 0 as n - oo. Thus, lim,,_e, ||y, — a*|| = 0.
Theorem(3.4): Let B, S, T, (a,) and (wy,) be as in Lemma (3.2) and S, T satisfying condition
(A). If F(S,T) # @, then (a,) and (w,,) converge strongly to a common fixed point of S and
T.
Proof: Now, we will show that (a,,) strong convergence. By Lemma (3.1),
lim,,_o, [|an—a||exists. Suppose that lim,, ., ||an—a”|| = ¢,c¢ = 0. From Lemma (3.1), we
have,

lana—a’]| < flara’]
That gives:
iNfaeer || an+1—a*|| < infaer || an—a*”
Which means, D(an:1, F) < D(an, F) e lim,,_, o, D(an, F) exists.
By using condition (A), we have:
lim, ., g(D(an F)) < lim,_,q || an—Tan || =0.
Or,
lim,, e, g(D(an F)) < limy,_, ||an—San| = 0.
In both situation, we obtain
lim, ., g(D(an F)) = 0.

Since g is a non-decreasing function and g(0) = 0, it follows that:
lim,_ D(a,,F) = 0.Now to show that (a,) is a Cauchy sequence in A. Let € > 0,
lim,, . D(a,,F) = 0,3 a positive integer n,, such that:

€
D(a,, F) <Z' vn = n,

In particular,
€

inf{|la, —a*|,a* € F} < >

Thus must exist a** € F such that ||a,, — a**|| < g .
Now, ¥V n,w = n,, we obtain:
€ €
”an+w - an” < ”an+w - (1**” + ”an - a**” < E + E =€
Hence, (a,,) is Cauchy sequence in B of M. Then (a,,) converges to a point p € B.

yields
Lim D(a,,F) =0 — D(p,F) = 0.
n—->0oo

88



Ibn Al-Haitham Jour. for Pure & Appl. Sci. 32 (3) 2019

Since F is closed, hence p € F.
By utilizing the same procedure, we can prove (w,,) convergence strongly.
Theorem (3.5): Let M be a Banach space, ® # B € M. Let T:B — B be lipschitzain, firmly
nonexpansive maps, S: B — B be Lipschitzain, generalized nonexpansive map and a* € B be
a common fixed point of S and T. Let (a,,) and (w;,) be the Picard-Mann and Noor iterations
defined in (1) and (2). Suppose (a,,), (B,,) and (y,,)satisfied the following conditions:
1- (an), (Bn) and (v,) € (0,1),Vn = 0.
2-Y a, = oo,
3- Z an.Bn < .
If wo = agand R(T),R(S) are bounded, then the Picard-Mann iteration sequence a, — a*
and The Noor iteration sequence w,, — a*.
Proof: Since the range of T and S are bounded, let
M; = supgep{liTall} + llaoll < o
And,
M, = supgep{llSall} + llaoll < oo
Let M = max{M,, M,}
Then,
lanll < M, [[bull < M, [wnll < M, |lupll < M, llvpll < M
Therefore,
ITall < M, [ITwpll < M.
lanss — Wasall = ISby, — (1 — @) wy, — @, Suy||
< ”Sbn - Wn” + anllsun - Wn”
<6+ 2u+2w)|b, — a*|l + &, (6 + 2u + 2w)||u, —a*|| + (1 + ay,)
(6 +2u + 20)|lwy, — a’||
< Ibp — a”ll + anllun, — a*ll + (1 + an) llwy, — a”l
by —a*ll < (1 — a)llan, — a*ll + an(M + |la|])
lvn — a*ll < (1 = y)llwyn — a*ll + ¥ullTwy, — a||
Since T is lipschitzain and firmly nonexpansive, setting § = k — kt +t
< A =vdllwy = a’ll + vaéllw, — a”ll
< [lwy, — a”|]
lu, —a™ll < (1 = B)lwn — a’ll + BullTv, — a’|l
< (1 - B)llwy — a*ll + Bnéllvy — a’l
< [lwy — a”|]
<M+|a’l
Then,
lanss = waiall < by — a”ll + aplluy — a*ll + (1 + ap)llwy, — a”l
<A -anllay —a’ll + an(M + [la”|]) +
an(M+ |la*|]) + (1 + an)(M + [la*]])
< (1 - an)”an - Wn” + (1 - an)(M + ”a*”)
+2a,(M + [la”[) + (1 + a)(M + la”|D)
< A —apllan —wall +2 (1 + an)(M + [la*]])

LetY, = |la, — wyll, 2, = 2+2a,) (M + ||a*]]) and j—n — 0 asn — 0. By applying
Lemma (2.6), we get

lim [[a, —wy| =0

n—oo

89



Ibn Al-Haitham Jour. for Pure & Appl. Sci. 32 (3) 2019

If a, > a* € F(S,T), then
”Wn - a*” < ”Wn - an” + ”an - a*” —0asn - o
Ifw, »a* € F(S,T),then
”an - a*” < ”an - Wn” + ”Wn - a*” - 0asn — oo
Theorem (3.6): Let T:B — B be a Lipschitzain, firmly nonexpansive map with kt < 1,
S: B — B be a Lipschitzain and generalized nonexpansive map.Suppose that the Picard-Mann
and Noor iterations converge to the same common fixed point a*.Then picard-Mann iteration
converges faster than Noor iteration.
Proof: Let a* € F(T,S). Then for Picard-Mann iteration.
by, — a*|l < (1 — ap)lla, — a*ll + aullTa, — a”||
Setting ¢ = (1 — t)k + t, then we have
<A -QA-=9aplla, —a’ll
Next,
lan+: —a’ll = |ISby, — a”|l
6llbn — a”ll + pllla® — a”ll + llby = Shyll} + w{lla® = Sbyll + ||by, — a*[[}
< (6 + 2ku + 2kw)||b, — a*||
< (6 +2u+2w)||b, —a*||
< |[bp —a’||
<A-0A-9Yalla, —a’ll

IA I

<A-A-9Ha)"llay —a’ll

Letf, =1 -1 -8a)"lla; —a’|l

Now, Noor iteration,

lv, — a’*ll < (1 = y)llwy — a*ll + vl Twy, — a||
< (1 =y)llwp — a’ll + vpéllwy, — a”|l
= [lw, —a’||

lup — a”ll < (1 = B llwy, — a*|| + BullTvn — @l

SA-A-=-8B)Ilwy, —a’l
Then,

Wnt1 —a®ll <= (1 = ap)llwy — a”ll + axlISu, — a’ll
< (A —aplwy — a’ll + an (6 + 2u + 20) [lu, — a”||

SA—-ap+a,(1 -0 =-OBIlw, —a’ll
Assumethata, < (1 —a, + a,(1 — (1 = &)B,)

< ayllwy, — a’l|

< allwy —a’|
Let g, = a"[lwy — a”||

Now,
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S _ Q-0 DMaa'll o (1 _ (g _ gy)" Iaae]

— - ——— > 0asn — .
In atlwy—a*||

lwy—a*|l
Then, (a,) converges faster than (w,,) to a*.

Example (3.7): LetT,S: R — R (where R is the set of all real numbers) be two maps defined

by Ta = 2?‘1 and Sa = % Va € R. Choose a, = ;,,Bn = %:Vn =; ,VYn with initial value

a, = 20. The Picard-Mann iteration converges faster than Noor iteration, it is clear from
Table 1. and Figure 1.

Table 1. Numerical results corresponding to a, = 20 for 50 steps.

n Picard-Mann n Noor Iteration n Picard-Mann n Noor iteration
0 20.0000 0 20.0000 26 - 26 0.0244
1 8.5714 1 15.4519 27 - 27 0.0189
2 3.6735 2 11.9381 28 - 28 0.0146
3 1.5747 3 9.2233 29 - 29 0.0113
4 0.6747 4 7.1259 30 - 30 0.0087
5 0.2892 5 5.5054 31 - 31 0.0067
6 0.1239 6 4.2534 32 - 32 0.0052
7 0.0531 7 3.2862 33 - 33 0.0040
8 0.0228 8 2.5389 34 - 34 0.0031
9 0.0098 9 1.9615 35 - 35 0.0024
10 0.0042 10 1.5155 36 - 36 0.0019
11 0.0018 11 1.1708 37 - 37 0.0014
12 0.0008 12 0.9046 38 - 38 0.0011
13 0.0003 13 0.6989 39 - 39 0.0009
14 0.0001 14 0.5400 40 - 40 0.0007
15 0.0001 15 0.4172 41 - 41 0.0005
16 0.0000 16 0.3223 42 - 42 0.0004
17 0.0000 17 0.2490 43 - 43 0.0003
18 - 18 0.1924 44 - 44 0.0002
19 - 19 0.1486 45 - 45 0.0002
20 - 20 0.1148 46 - 46 0.0001
21 - 21 0.0887 47 - 47 0.0001
22 - 22 0.0685 48 - 48 0.0001
23 - 23 0.0530 49 - 49 0.0001
24 - 24 0.0409 50 - 50 0.0000
25 - 25 0.0319
—#— Picard-Mann
Noor =

iteration(n)

Figure 1. Convergence behavior corresponding to a; = 20 for 50 steps.
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4. Applications
Let the space C(][f, h]) of all continuous real valued functions on a closed interval [f, h] be
endowed with the chebyshev norm |la — bl[ = max.esnjlalt) — b(t)].

(CIf,h], 1. ll) be a Banach space. The following delay differential equation:
w' (£) = g(e,w(t),w(t — 1)), t € [to, h] with initial condition w(t) =9(b),t €

[tO — 1T, tO] (3)
Assume the conditions are satisfied:

i- tooh € R,T > 0.

ii- g € C([ty, h] X R%,R).
iii- 9 € C([ty — T, h],R).

iv- There is Ly > 0 such that

2
l9(t, x1,%2) — 9(t, y1,¥2)| < Ly Z llxi — il Vxi,yi € R, i =12t € [to, h].
1=
V- 2Lg(h — tp) < 1.
Now, let us consider the following integral equation:
I(t) t €[ty — T, t0]
_ t
w(e) = 9(t) +j g(r,w@),wr —1))dr t € [to, h]
to
This is the solution of the above delay differential equation [15].
Theorem (4.1): Suppose the conditions (i-v) are accomplished the problem (3) has a unique
solution a* in C([ty — 7, h], R) N C~1([to, h, R]) and the Noor iteration converges to a*.

Proof: Let (w,,) be an iterative sequence generated by Noor for an map defined by
9(t) t € [to — 7, to]

WO =190 + f 9w wr —)dr LE [to.h]
to

Let (a*) be a fixed point. Now, it is easy to see w,, » a* foreach t € [t, — 1, t,].
Next, for t € [t,, h], we get:

lvn — a*llee = [I(1 = y)Wn + ¥ Twy — a*lle

< (1 - yllwn — a*lleo + ¥n MaXeefry—r,t0) | TWa (t) — Ta™ ()]

< A =ylwy —a*lle

+ max
n telto—1,to]

I(t) + j g(r,w(r),w(r - T))dT —9(t) — f g(r, a*(r),a*(r — T))dr
<A =y)llwp, — a’lle

+ ¥, max f (|g(r,w(r),w(r - T))l + |g(r, a*(r),a*(r — T))Ddr

te[to—T,to]
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t
<1- —a* e
< A =y)llwp —a*lle + 1 fto(Lg(te[rt?f‘i{,to]lwn(t) a*(t)|

+ te[rtglgic’to]lwn(t — 1) —a’(t —1)|)dr

t

< (1= y)lwn — @l + 72 f Ly (Iwn — @*llos + W — @ lo)dr
to

< (1 =y)llwy — a*lleo + 2¥nLg(t — to)llwn — a’lle
<[1-(@1—=2Ly(h = to)¥nlllwy — a*lle

Next,

lun — a*lleo = II(1 = Br)wn + BpTvy — a*lle

< (1= B)lWn = @'lls + o, _max [Tvo(6) =T’ (0)]

<[1-(@1—-2Ly(h—to)Bulllvn — a’llw

Therefore,

IWn+1 = a’lle = I(1 — an)wy + anTuy — a*lle

< (1= an)lwy = a’llos + @y max 1Ty () = Ta* (0)]

<[ -1 -2Lg(h = to)an]lluy — a*lle

S[1-(1=2Lg(h=to)an][1 = (1= 2Ly (h —tp)Ba][1 - (1
—2Lg(h = to)valllwn — a’lle

S —=(an+Bn+ vl — (1 —=2Lg(h = to)]llwy — a"lle

setting A,, = a,, + S + ¥, and by condition (v) 2L, (h — ty) < 1.

Now, under the conditions (i-v) and using theorem (3.3) , therefore the delay differential
equation has a unique solution a* in C([t, — 7, h], R) N C~1([t,, h, R]) and the Noor iteration

converges to a*.

In support of this work, we would like to refer to our other results in this field in [16].
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