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Abstract

Some cases of common fixed point theory for classes of generalized nonexpansive maps are
studied. Also, we show that the Picard-Mann scheme can be employed to approximate the
unique solution of a mixed-type Volterra-Fredholm functional nonlinear integral equation.
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1. Introduction

Let B be a non-empty subset of a Banach space M. A map T on B is called quasi-
nonexpansive [1]. if F(T) # @ and ||Ta — b|| < ||la — b|| forall a € B and all b € F(T), where
F(T) denoted the set of all fixed points of T.

In 2008, Suzuki [2]. introduced a condition on T which is stronger than quasi-nonexpansive and
weaker than nonexpansive, called condition (C) and presented some results about fa fixed
pointfor such maps.

In 2009, Dhompongsa et al [3]. extended Suzaicr’s theorems to the general class of maps in
Banach spaces. Garcial-Falset et al [4]. defined two generalization of condition (C), called
condition (E;) and condition (C;) And studied their asymptotic behavior as well as the existence
of fixed points. On the other hand, Bruck [5]. introduced a map called firmly nonexpansive map
in Banach space. Of course, every firmly nonexpansive is nonexpansive.

To discuss about convergence theorem for two nonexpansive maps S and T on B to itself,
Khan and Kim [6]. constricted the following iterative scheme to find a common fixed point of S
and T:

xeB
Xn+1 = (1 - an)T.Vn + a, Sy
Yn = (1 - ,Bn)xn + BnTxy ,NMEN

Where (a,) and (B,,) € (0,1).
This scheme is independent of both Ishikawa scheme and Yao-Chen scheme [6].
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In this paper, we prove some convergence theorems for approximating common fixed points
of firmly nonexpansive and maps satisfied condition (C;).

2. Preliminaries
We will assume throughout this paper that (M, ||. || is a uniformly convex Banach space and
B is a non-empty closed convex subset of M. For maps S, T: B — B the set of all fixed points of
S and T will be denoted by F(T,S).
A sequences (a,) in B is called:
Picard-Mann hybrid [7].
Apy1 = Shy
b,=01-ay)a, +a,Ta, ,VneEN (D
Where («,,) € (0,1).
Noor iterative scheme [8]. if
Znt1 = (1 — ap)zy + a,Su,
Up = (1= Bn)zn + BuTon
Un = (1= ¥n)zn + ¥aT 2y ,VneN (2)
Where (a,), (Bn) and (y,) € [0,1].

Definition (1) [9]. Amap T:: — B said to be Lipschitz continuous or liLipschitzf 3 K > 0such
that ||Ta — Th|| < K|la — bl|,V a,b € B.
If K = 1, then T is nonexpansive.

Definition (2) [10]. Amap T: B — B is said to satisfying:
ield
1-Condition () if % lla — Tall < lla — bl = |ITa — Tbl| < lla — bll,¥ a,b € B.

ield
2-Condition () if Alla — Tall < lla — bll == [|ITa — Th|| < lla — b|l,Va,b e B and A €
(0,1).

Defintion (3)[5]. Amap T: B - M is said to be firmly nonexpansive map if ||Ta — Th|| <
|(1—-t)(Ta—Th)+t(a—b)||,YabeBandt = 0.

Definition (4)[11]. Two maps are called:

1-Condition (A) if there is a nondecreasing function g: [0, ) — [0, ) with g(0) = 0,g(i) >
0,V i € (0,00) such that :

Either |la — Tall = g(D(a, F)) or |la — Sall = g(D(a,F)),Y a € B,

where D(a,F) = inf{|la— a*||; a* € F}and F = F(T) N F(S).

2-Condition (1) if |la = Th|| < ||Sa — Th||,V a,b € B.

Definition (5)[12]. Amap T: B — B is called
1-Demiclosed at 0 if V sequence (a,,) in B such that (a,,) converges weakly to (a) and (Ta,,)
converges strongly to 0, then Ta = 0.
2-Affine if B is convex and
T(Ka+ (1 —K)b) =KT(a)+ (1 —K)Th,Ya,beBand K € [0,1].
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Definition (6)[7]. Let (f;,) and (g,) be two sequences of real numbers that converging to

fand g
MRS
n-w |lg, — gl

Then (f;,,) converges faster than (g,,).

Lemma (7)[13]. Let (1) n=0 & (w;,) n=0 be nonnegative real sequences satisfying the
inequality: pu,4q < (1 =8 )un + Wy
Where 6,, € (0,1),Vn = ngy, Ymeq 8, = o0 and % - 0asn — oo, then lim,_,, u, = 0.

n

Lemma (8)[10]. Let M be a uniformly convex Banach spaceand 0 < [ <t, <k <1,VneN.
Suppose that (a,)and(b,,) are two sequences of M such that lim,, . ||a, || < m,lim, e ||b,|l <
m and lim,_||t,a, + (1 — t,)b,|| = m hold for some m > 0. Then lim,,_,||a, — b,|| = 0.

3. Two Lemmas

Lemma (9): Let B be a non-empty closed convex subset of a normed space M, T:: - B be a
firmly noninexpensivep and satisfying Lipschitz S: B — B be satisfying condition (C;).Let
1-(a,) be asin (1) where (a,,) € (0,1),n € N.

2-(z,,) be as in (2) where (a,,), (B8,) and (y,,) € [0,1].

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

Proof: Let a* € F(T,S).

By using condition(C;), we have

AMa —Sa*ll =0 < [Ib, — a*l| 225 lish, — a*|| < ||b, — a*
la* —Sa*|| =0 < ||b, — a*|| — ||Sh, — a”|| < ||b, — a”|l.

Then
I-llan+s — a’ll = ISby, — a”||
< by, — a’|]
< (1 - an)”an - a*” + an”Tan - a*”
<A -alla, —a’ll + a, (1 = OTa, — a’|| + antlla, —a’|
<A -alla, — a’ll + aK(1 = Ollan, — a*ll+axtlla, —a”l|
<A —-aplla, —a’ll + an[(1 = K + t]lla, — a|l
<A -aplla, —a’ll + anlla, —a’ll
< llan —a’|l
Then lim,,_, ||a, — a”|| exists Va* € F(T,S).
2-llv, —a*|l = |(1 = ¥z + ¥ Tz — a*||
< (1 - Yn)“Zn - a*” + Vn”TZn - a*”
< A -v)llzn —a’ll + va(1 = OlITz, — @’ |l + yutllz, — a”|]
< (1 - Yn)“Zn - a*” + ynK(l - t)”Zn - a*” + Vnt”Zn - a*”
< A =y)llzn — a’ll + vu[(1 = OK + t]llz, — a||
< llzn = a’ll

lun —a*ll < (X = Bllzn — a*ll + BullTvy — a”||
< (1= Bllzn — a*ll + Bul(1 = O)K + t]llvy, — a”l
< llzp —a”ll
Now
Iznsr —a®ll < A — a)llzy — a*ll + @, lISu, — a”|]
< (1 - an)”Zn - a*” + an”un - a*”
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< |lzn — a’l
Then lim,,_, ||z, — a*|| exists Va* € F(T,S).

Lemma (10): Let M be a uniformly convex Banach space and B be a nonempty closed convex
subset of M. Let:

1-T: B — B be firmly nonexpansive map and satisfying Lipschitz, S: B — B be affine and
satisfying condition(C,)and (a,) beasin (1) .

2-T:B—B be firmly nonexpansive map and satisfying Lipschitz, S:B—B be satisfying
condition(C,)and (z,) be as in (2). Suppose that condition (I) holds. If F(S,T) # @, then
lim||7a, —a’ll = 0 = lim ISa, — a’|| & lim |72, — a’l| = 0 = lim|ISz, — a||.

Proof: Leta € F(T,S).

1- As proved by lemma (9), lim,,_|la, —a*|| exists. Suppose that lim,,_|la, —a*|| =c,
Vec=0.

If ¢ = 0, there is nothing to prove.

Now, suppose ¢ > 0,

Since, [lan+, —a’ll = ISy, — a’l|
< |lby = a’ll
by —a’ll = (1 = ap)llan, — a’ll + allTa, —a’|l
< llan = a”li

Then lim,,_,.||b,, — a*|| = c.
Next consider
¢ =|lby —a’ll < (1 —ap)lla, — a’ll + aullTa, — a’|l
By applying lemma (9),we obtain

lim,,_ || Ta,—an || = 0.
Now
¢ = lim|la, — a’ll = lim ||Sb, — o
”Sbn - a*” = ”S[(l - an)an + a,Ta, — a*”

< (1 - an)llsan - a*” + an”STan - a*”

By applying Lemma (8) , we have

lim [|Sa,, — STay|| = 0.
Next, by using condition (I), we obtain

”San - a*” < ”San - STan” + ”STan - a*”
< 2||Sa, — STa,|| > 0asn - o

Thus lim,,_,|[Sa,, — a,|| =0
2- As proved by lemma (9), lim,,_,.||z,, — a*|| exists. Suppose that lim,, .||z, —a*|| = ¢,V ¢ =
0.
If ¢ = 0, there is nothing to prove.
Now, suppose ¢ > 0,
Since ||Tz, — a*|| < ||z, — a*||,and as proved by lemma (3.1)
ISup — a*ll < llun, — a*ll and [ITvy, — a”|| < [[v, — a”|l.

Then,
lim||Tz, — a*|| <c, lim||Su,, — a*|| < cand lim||Tv, — a*|| < c.
n—->oco n—-00 n—-oo

Moreover

lim ||z, —a|| = ¢

n—>oco

c= ||Zn+1 - a*” < (1 - an)“Zn - a*” + anllsun - a*”
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By applying lemma (9), we get
lim ||z, — Su,|[=0
n—-oo

Now

”un - Zn” < (1 - ,Bn)”Zn - Zn” + ,Bn”TUn - Zn” =0
Then, lim,, ||u, — z,|| = 0.

Since, lim, L, ||lu, — a*|| < c and ||z,, — a*|| < ||z, — Su, || + ||Su,, — a*||,
which implies to
¢ < lim inf||lu, —a*||

n—-oo

That gives lim,,_,||u,, — a*|| = ¢, so
c=lup —a’ll < (1 - Bz, — a’|l + BrllTv, — a’|l
< (1= anBllzn — a’ll + anBrllTz, — a’|l

By lemma (9), we obtain:
lim,, |2z, — Tz,l| = 0.

Next

”Zn - SZn” < ”Zn - Sun” + ”Sun - Zn” + ”Zn - SZn”
Letting n—oo, we have:

”Zn - SZn” < ”Zn - SZn”

That means lim,,_,||z,, — Sz, || = 0.

4. Convergence and Equivalence Results
Theorem (11): Let M be a uniformly convex Banach space. Let B, S, T, (an)
and (z,) be as in lemma (10) and T, S satisfying condition (A). If F(T,S) # @, then
(an) and (z,) converge strongly to a common fixed point of T and S.
Proof: Now, we will show that (a,) is strong convergence. By lemma (10), lim,,_|la, —
a’|| exists. Suppose that lim,,_,||a, —a*|| = ¢,c = 0.
From lemma (9), we have ||a,;, — a*|| < |la, — a*||
That gives
inforerllans: — a’ll < infarerllan — a’ll
Which means, d(a,.1, F) < d(ay, F) 2o lim,, .., d(ay, F) exists.
By using condition (A), we have
lim g(d(a,, F) < lim||a, — Ta,|| = 0.
or "”°°
lim g(d(ay, F) < lim||a, — Sa,|| = 0.
?rT g)oth situations, v(/lg ?)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 B. Let € > 0,lim,,_,,, d(a, , F) = 0,3 a positive
integer n,, such that:

d(an F) <=, vn = n,
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In particular.

€
infflla, - a'll, @’ € F} <5
Thus,it must exist a** € F(T,S) such that ||a, — a™*|| < g .

Now, ¥V n,w = n,, we obtain:

€ €
”an+w - an” < ”an+w - a**” + ”an - a**“ < E + E =€
Hence, (a,,) Is Cauchy sequence in the B of M. Then (a,) converges to a point p € B.

yields

Limd(a,,F) =0 — d(p,F) = 0.
Since F is closed, hence p € F(T,S).
By utilizing the same procedure, we can prove (z,) convergence strongly.
Theorem (12): Let T:B — B be a firmly nonexpansive and satisfying lipschitz, S:B — B
satisfying condition (C,), with F(S,T) # @ and,
1-(a,) be as in (1) and (a,) € (0,1) satisfying .-, ax = .
2-(z,) be asin (2) and (a,), (B,) and (y,) € [0,1] satisfying X7, a = oo.
Then (a,) & (z,) converge to a unique common fixed point a* € F(S,T).
Proof:
1-llby — a’ll < (1 = adllan — a’ll + auliTa, — a’|l

<A -apllan —a’ll + an[(1 = OK + t]lla, — a”|]
Suppose § = (1 —t)K +t

<1-Qa-Oala, —a'll

lanss —a”ll = ISby, — a”||
< |lbp, — a”l
<(1-0-9adlla, —a’|l
By induction

n
lani -l <] | <a-a-9adlla -l
i=0

< llag — a*lle”@-H =0
Since Y%, a; = 00, e~ =920 % 0 gsn - oo
Thus lim,,_,||a,, — a*|| = 0.
2-llvy —a*ll = (A = ydllzn — a*ll + yullTz, =’
< A =y)llzn — a’ll + yul(1 = OK + t]llz, — a|]
Settingé = (1 —t)K +t
S A =Ya+vadllz, —a’ll

lun —a*ll < (1 = Bllzn — a”ll + BullTv, — a’ll
< (1 =Bllzn — a’ll + Buéllvy, — a’ll
< (1 =Bllzn — a’ll + B (1 = v + ¥z — @’
< (A =Bz — a’ll + (X = ¥n + vz, — a”l
Now
Izner —a®ll < A = a)llzy — a®ll + @ llSu, — a”|]
< (1 - an)”Zn - a*” + an”un - a*”
< (1 - an)”Zn - a*” + an(l - Bn)”zn - a*”
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+ann(1 = ¥n + ¥u)llzn — a’||
= [1 - anﬁnyn + aanan]”Zn - a*”
< [1 - anBu¥ulllzn — a”l
By induction
1znt1 — @’ < Tli%o[1 — aiBivilllzo — a”ll
< llzo — a*|le” Zio®iBivi

Since X2, a; Biyi = o0, e~ Lizo%Pi¥i 5 0 as n - oo,
Thus, lim,,_,» ||z, — a*|| = 0.
Theorem (13): Let T:B — B be a firmly nonexpansive mapping and satisfying lipachitz,
S: B — B satisfying condition(C;) and a* € B be a common fixed point of S and T. Let (a,) and
(z,,) be the Picard-Mann and Noor iterations defined in (1) and (2).
Suppose (a,), (By) and (y,,) satisfied the following conditions:
1-(ay) and (B,) € (0,1),Vvn = 0.
2-), @, = oo.
3-X anfin < .
If zy = ay and R(T), R(S) are bounded, then the Picard-Mann iteration sequence (a,)
converges strongly to a* (a,, = a*) and the Noor iteration sequence (z,) converges strongly to
a*(z, = a*).
Proof: Since the range of T and S is bounded, let:
M = supgepfliTall} + llaoll < oo
and
M = supqepllITz|I} + llz|| < o

Then
lanll < M, ||byll < M, ||z,|l < M, |lupll < M, |l < M

Therefore
ITanll < M,||Tz,ll < M
”an+1 - Zn+1” = ”Sbn - (1 - an)zn - ansun”

< ”Sbn - Zn” + anllsun - Zn”
< lbp — a*|| + apllu, —a*ll + (1 + ap)llz, — a||

b —a*ll < (1 — ap)llan — a’ll + an (M + [la”|])
lvn — a’ll = (1 = y)llzn — a*ll + vullTz, — a”|l

Since T is Lipschitzain and firmly nonexpansive, setting { = k — kt +t
< (1 —yllzn — a’ll + vuéllz, — a’||
< llz, — a’|l
lun, —a*ll = (1 = Bz — a*||l + BrllTv, — a*||
< (1 -BIllzn — a’ll + Bréllv, — a||
< llzp, — a’|l
<M+ |la*]
Then
lans1 = Zpsall < llbp — a*ll + aplluy, — a*ll + (1 + ap) ||z, — a’|l
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<A -apllan —a*ll + an(M + lla”[D) +
an(M + lla”|D) + (1 + an)(M + lla”|))

< A =—aplla, = zpll + 1 = )M + [la”]])
+2a,(M + [la”|D) + (1 + a,)(M + [la”|D)

< A—allan —zpll +2 (1 + @) (M + la”|D

Let
Hn = |lan = zyll, wn = (242a,)(M + la”])

and % — 0 as n — oo. By applying lemma (7), we get:

n
lim|la, —w,|]| =0
n—-oo
If a, - a* € F(T,S), then
”Zn - a*” < ”Zn - an” + ”an - a*” - 0asn — oo
If z, - a* € F(T,S),then
”an - a*” < ”an - Zn” + ”Zn - a*” - 0asn — oo,

Theorem (14): Let T:B — B be a firmly nonexpansive mapping and satisfying Lipschitz
with Kt < 1 and S: B — B satisfying condition (C;). Suppose that the Picard-Mann and Noor
iteration 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*ll < (1 — ap)lla, — a*ll + aulITa, — a”||
Setting ¢ = (1 — t)K + t, then we have
<A -QA-=9aplla, —a’ll

Next
lan+: —a*ll = ISby, — a’l

< |lbp — a’ll

< (1 - (1 - E)an)”an - a*”

IA A

<(1-01-9HD)"la -
Letf, =(1—(1—&a)"|la; — a’||

Now, Noor iteration.
lvp, —a*ll = (A = v)llzn — a*ll + vullTz, — a”||
< (1 —=vllzn — a”ll + vnéllzn, — a”|l
= |z, — a||
lun, —a*ll = (1 = Bz — a*||l + BrllTv, — a*||
<.
SA-A-9B)z, —a’ll
Then
|Zpsr — a*ll < (1 — ap)llzn — a”|| + anllSuy — a*||
SA-apta,(1 -1 -8Bz, —a’l
Assume that
an < (1 -y + an(l - (1 - S;).Bn)
< apllz, — a||
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Let g, = a”||z; —a’||

Now,

fn A=-0A-8a)*|la; —a| nllay —a*||

— = <(1-(1- —— > (0 asn > co.
In "z — o'l (-0-0) o

Then, (a,,) converges faster than (z,,) to a”.

Example (15): Let B =[0,) and T,S: B — B be an mappings defined by Ta :3;—‘1 and
1+4a
Sa =
5

iteration converges faster than Noor iteration, as shown in Table 1. and Figure 1.

Va € B. Choose an= Bn= yn= % , Vn with initial value a;= 20. The Picard-Mann

Table 1. Numerical results corresponding to a, = 20 for 30 steps.
n | Picard-Mann Noor n | Picard-Mann | Noor
0 20 20 16 1.0000 1.0353
1 4.8000 13.8250 | 17 1.0000 1.0238
2 1.7600 9.6569 | 18 1.0000 1.0161
3 1.1520 6.8434 | 19 1.0000 1.0109
4 1.0304 4.9443 | 20 1.0000 1.0073
5 1.0061 3.6624 | 21 1.0000 1.0049
6 1.0012 2.7971 | 22 1.0000 1.0033
7 1.0002 2.2131 | 23 1.0000 1.0023
8 1.0000 1.8188 | 24 1.0000 1.0015
9 1.0000 1.5527 | 25 1.0000 1.0010
10 1.0000 1.3731 | 26 1.0000 1.0007
11 1.0000 1.2518 | 27 1.0000 1.0005
12 1.0000 1.1700 | 28 1.0000 1.0003
13 1.0000 1.1147 | 29 1.0000 1.0002
14 1.0000 1.0774 | 30 1.0000 1.0001
15 1.0000 1.523
Picard-Mann iteration Nooriteration
::_'.
3,1l =
34 [
|

3 31 3

= | c

4] QQ

3 | =

o2r L o

QD (4¥] Q

w w

1 :*:'{.;::::::::::::z::::::::;:
0 10 20 30
iteration(n) iteration(n)

Figure 1: Convergence behavior corresponding to a, = 20 for 30 steps.
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5. Application
The following mixed type of Volterra-Fredholm functional nonlinear integral equation that is
appeared in [14]. We use theorem (14) to solve it:

tq tn Vi Yn
a(t) = G(t,a(t),f f K(t, r,a(r))dr,f f I—F(t, r,a(r))dr) 3)

Where:
[x1, 1] X ... X [xn, ¥n] be an interval in R™ K, H:[xy, y1] X ... X [xp, ¥l X [x1, y1] X ... X
[%n, Y] X R = R continuous functions and G: [x1, y;] X ... X [x,, Yn] X R® = R.
Assume that the following conditions are accomplished:
i- K H € C([x1, y1] X oo X [0, Y] X [0, y1] X oo X [0, Y] X R).
ii- G € C([x1,y1] X oo X [x, Y] X R3).
iii- d positive constants ¢, 0,  such  that  |G(t,aq, by, c1) — G(t,ay by, c3)| <
¢la; — az| + 0|by — by| + &lcy — c,| VE €
[x1, y1] X .. X [x, yn], @1, @z, by, by, c1,¢, € R.
iv- 3 positive constants S and Sy such  that  |K(t,r,a) — K(t,7,b)| < Egla —
b|&|H(t,r,a) — H(t,r,b)| < Exr|la — b| Vt € [x1, V1] X ... X [xp, V] and a, b € R.
V- ¢+ (0Ex + CEr) (1 — x1) . (Vn — %) < 1, @* € C([x1, ¥1] X oo X [, Y]

Theorem (16)[14]. Suppose that conditions (i-v) are satisfied. Then, the equation (3) has a
unique solution a* € C([x1, y1] X ... X [%0, Yn])-

Theorem (17): We deem Banach space M = C([x1, ¥1] X ... X [, ¥l II. 1),
such that satisfying }};°_, a; = . Let (a,) be as shown in step (1) and
amap T: M — M is defined by

Ta(t) = G(t,a(t),ft1 ftn K(t, r,a(r))dr,fy1 ...fynH‘(t, r,a(r))dr))

Suppose that the conditions (i-v) are accomplished. Then, the equation (3) has a unique solution
a*in C([x1, y1] X ... X [x,,, ¥,]) and the Picard-Mann iteration converges to a*.
Proof: To prove a,, » a” asn — oo. Let
lanss —a*ll = ISby, — a”|l
= |Sby(t) — Sa™ ()]

= G(t, b, (D), j B j " K(t, 7, bp(r))dr, f " f ynH‘(t, r, by(r))d

1

— G(t,a*(t), J:l J:n K(t, T, a*(r))dr, Lyl

1 Xn

fynl-l“(t, T, a*(r))dr)

< ¢lbp(6) —a* (O] + o

f: f Kb, f U Mwe, a*(r))d‘

Xn

jtl "'Jtn (e, bn(r))dr'JY1 ---fynPF(t, r,a*(r))dr)

Xn

< [¢+ (@Eg + eEw) (v = X1) oo (Y — x)]l1by — @7l

+ e

Since,
Ib, — a*|l = (1 — ap)lla, — a’ll + an|lTa,(t) — Ta* (@)l
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< (1 - an)”an - a*”

G(t. bn(t).f: fxtn K(t.7.by(r))dr. El ...fynH(t.r. b, (1))

— GZt. a*(:).J:l J:n K(t. T. ai(r)):l:. Lyl ...Lynl-l“(t. T. a*(r))dr)

< (1 - an)”an - a*” + “n[C + (QEK + EH‘)(yl - xl) (yn - xn)]
lan, —a’|l
< {1 - (1 - an[c + (QEK + éEI—F)(yl - xl) (yn - xn)]}”an - a*”

< ”aO - a*” 1_[{1 - (1 - an[c + (QEK + éEI—F)(yl - xl) (yn - xn)]}
k=0

+a,

By condition (v), 1 — a,[¢ + (0Ex + eExr)(v1 — 1) .. O — x0)| < 1
Now, under using theorem (12), we obtain that equation (3) has a unique solution a* €
C([x1,y1] X ... X [x,, yn]) and Picard-Mann iteration converges to a*.

In the same scope you can see the results in [15]. and [16]. where Hasan and Abed
established weak convergence theorems by using appropriate conditions for approximating
common fixed points and equivalence between the convergence of the Picard-Mann iteration
scheme and Liu el.at iteration scheme in Banach spaces.

6.Conclusion
In the setting of 2-normed spaces [16]. we define firmly nonexpansive and generalized

nonexpansive maps. Then, we study the convergence of Picard-Mann iteration and Noor
iteration.
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