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Abstract. This paper presents some extensions of the result that has been proved in [5]. We also obtain some result

on set theoretic structure of the fixed points of the mappings satisfying some conditions.
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1. INTRODUCTION

If T: X — X and p be a point in X such that Tp = p. Then p is said to be a fixed point
of T. It was in the year 1922 when Banach introduced the ground breaking result known as
Banach contraction Principle, which guarantees the existence of a fixed point. This completely
initiated a new dimension of research in the field of non linear analysis. This result was done
on a complete metric space. From then on many researchers have considered different spaces
and have taken different contraction condition to prove the existence of a fixed point. How-
ever, finding the value of the fixed point is not that easy. So to solve this problem, we need
an iterative processes that can give us the fixed point. It all began by the result given in Mann
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[10], Ishikawa [11], Agarwal [12], Noor [13], Abbas [14], Vatan Two-step [15] and so on. All
the above process depends on choosing some initial point on the space that would generate a

sequence obeying some iterative schemes and converges to the fixed point.

Recently a new type of iteration has been obtained by Hussian et.al.[9] known as K-iteration
process. The author in [9] have considered the contraction condition and (C) condition also

known as generalised non expansive mapping for approximation of fixed points.

Let X be a Banach space and K be a non-empty bounded closed convex subset of X. Let

T : K — K such that
|Tx =Tyl <arllx =yl +azllx = Tx[| +aslly — Ty[| + aslx — Ty[| +as|ly — Tx],

Vi, y €K, a; >0, Y ;i <1y, (1)

In 1973, Goebel et.al.[4] have proved the existence of fixed points for the mapping satisfying
the above condition (1) in a Uniformly Convex space. In 1976, Chakrabarty and Lahiri,[5]
obtained the existence of fixed point in Reflexive Banach space for mappings satisfying the

above condition (1).

2. PRELIMINARIES

Let X be a Banach space and K be a non-empty bounded closed convex subset of X. Let
T: K— K. Then T is said to satisfy condition (A) if it satisfies condition (1) with a; > 0 or
az > 0.

The uniqueness of the fixed points is guarenteed by condition (A). Tiwary et.al. [3] in 1995

considered the following iteration scheme
xp=(1—a)x,—1+aT[(1—=B)xy—1+BTx,-1],ct,f €[0,1],

to prove some results on approximation of fixed points of those operators that satisfies condition

(A).
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Motivated by above, in this paper, we use K iteration process to obtain a sequence whose
limit will approximate the fixed point of those operators which satisfies condition (A).

A Banach space X is called uniformly convex [ ] if for each € € (0,2], there is a § > 0 such

that for x,y € X, such that

Il < 1yl < 1 e =yl > &,

implies
X+y

—| <o.
152 <8

Let X be a non empty set. Then d is said to be a metric if it satisfies the following conditions:
() d(x,y) >0, Vx,y € X and d(x,y) = 0if x = y.
(i) d(x,y) =d(y,x), Vx,y € X.

(iil) d(x,y) <d(x,z)+d(z,y), Vx,y,z € X.

The ordered pair (X,d) is called a metric space.

Definition 2.1. Let (X,d) be a metric space. Let {x,} be a sequence in X and x € X . If for
€ > 0 there is a natural number N such that for all n > N, d(x,,x) < €. Then {x,} is said to be

convergent and x is the limit of {x,}. We denote this by, lim,_,eXx, = X.

Definition 2.2. : Let (X,d) be a metric space. Let {x,} be a sequence in X. If for any € > 0
there is a positive integer N such that for all m,n > N, d(x,,Xy) < €. Then {x,} is said to be a

Cauchy sequence in X.

Definition 2.3. : If every Cauchy sequence in X is convergent in X, then (X,d) is called a

complete metric space.
Tiwary et. al. [3] proved the following result in 1995.

Theorem 2.4. Let X be a Uniformly convex Banach space. Let K be a nonempty closed bounded
convex subset of X and T : X — X be a continuous mapping that satisfies Condition (A) in K.

Let o, B € [0,1] be two fixed numbers. Let

Topx=(1—0a)x+aT[(1—B)x+ BTx]
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and let there exist a xo € K such that the sequence {x,}, where
Xp=(1—a)x,—1+aT[(1—B)x,—1 + BTx,_1]

has a subseuence x,, converging to z € K. Then z is a unique fixed point of T in K and x, — z,

provided || Ty gz — ul| < ||z — u|| if wis a fixed point of T in K and z # u.

3. MAIN RESULTS

Theorem 3.1. Let X be a Uniformly convex Banach space. Let K be a nonempty closed bounded
convex subset of X and T : X — X be a continuous mapping that satisfies Condition (A) in K.

Let o, B € [0,1] be two fixed numbers. Let
Tupx=T[T[(1—a)Tx+aT[(1-)x+ BTx]]]
and let there exist a xy € K such that the sequence {x,}, where
xp =T[T[(1 —0)Txp—1+aT[(1—B)xn_1+ BTxn_1]]]

has a subseuence x,, converging to z € K. Then z is a unique fixed point of T in K and x, — z,

provided ||Ty, gz — u|| < ||[z—ul| if uis a fixed point of T in K and z # u.

Proof : Existence of fixed point is guaranteed by the theorem of Geobel et.al. So we assume
that u is the fixed point in K of T and it is unique because it satisfies condition (A).
Now Ty gu=T[T[(1 - a)Tu+aT[(1—B)u+ BTul].
=T[T[(1—a)u+aT[(1—B)u+ Bul]].
=T[T[(1-a)u+aTu.
=T[Tu] = u.

Hence, u is the fixed point of Top- Now,

Ty pXn = T[T[(1 = a)Tx,+ T [(1—B)xn+BTx,]]] = xp11.

So, if x,, = u. Then we have,

Xn1 = Ty pxn = Ty p(u) = u.

Hence, x, = u, for j > n. Consequently, x; — u that is Xp; = USOZ=1U.
Assume, x,, # u, Vn. Then, if x, — z, by the continuity of T we get, Tx,, — Tz

Now, Ty gxn = T[T [(1 — ) Tx, +aT[(1— B)x, + BT xy]]].
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= T[T[(1-a)Tz+aT[(1-B)z+ BTz]]].
— Ty 2.
Hence, T, g is also a continuous function.
X1 —ul| = [|T[T[(1 — ) Tx,+ T [(1 = B)xy+ BTxn]]] — Tta]evvnveveennee. (A)
Let us begin with,
\|\zn — ul|, where z,, = (1 — B)x, + BT x,. So,
20 = ull = {[(1 = B)xn + BTxn — ul].
= [|(1 = B)xa+ BTxn— (1= B+ Bull.
= [|(1=B) (xn — ) + B (Txn — ).
< (=B =)+ BI(Tx — t0)|| e (B)
Tx,—ul| = ||Tx, —Tu||.

)
)

Now,
= ay||xn — ul| + a2 % — Txul| + as|u — Tul| + aa||x, — Tul| + as||u — Tx,|.
= ay ||x, — u|| + az||xn — u+u—Txy|| + as||x, — u|| + as||ju — Txy||.

< (a1 +ax+ag)|lxa —ul| + (a2 +as)||u = Txa|.

(1 —ay —as)||Tx, —u| < (a1 + a2 +aq)||x, —ul.

By, symmetry, we get,

(1—a3—aq)||Tx, —u|| < (1—ar —aq)||x, — f|-eeeevenenene (2)
Addding (1) and (2), we get, ||Tx, — u|| < ||xn — te]] ceereeeenene (2A)
So, using (2A) in the equation (B), we get,

20 = ull < (1= B)llxn — uel| + Bllxn — ull = [lxn —ul].

Now we consider y, = T[(1 — &) Tx, + aTz|.

So,

[yn —ull = IT[(1 = 0)Txn + T 25] — Tt

<a||(1 —a)Tx,+aTz, —u|| + a||T[(1 — o) Txp + 0T z,] — [(1 — &) Txp + 0T 7] || + az||u —
Tu|| 4+ asl|(1 — ) Txy+ 0Tz, — u|| +asl|lu—T[(1 — @) Txy + AT Zp]||ceevevevevererenannn (D)

For a; in equation (D),

|(1—a)Tx,+aTz,—u|| <||(1—)Tx,+ Tz, — (1 — o+ ct)ul|.
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< (1= 0)|| T, — ul] + | T2y —u].

By using equation (2A), we get,

[(1 =) Txp+ 0T zy — u| < (1 — o) |[xn —ul| + 0tf|zn — ul].

From (C), we get,

[(1 =) Txp+ 0T zp — u|| < (1 — ) o — ul[ + 0t]|xn — u]|.

(1 —a)Txp+ Tz —u|| < |0 — ]| oeeeeeeeenne (E)

For a; in equation (D),

IT[(1 =) T+ aTzs] = [(1 = ) Ty + 0T 2] || || T[(1 = @) Tt + T 2] — [+ [|[(1 = ) T +
oTz,| —ul.

By using Eq. (E), we get < ||T[(1 — @)Tx, + aTz,] — u|| + ||x, — u]|.

Again by using Eq. (2A) and (E), we get, < ||[(1 — @)Tx, + aTz,) — u|| + ||xn — u]|.
< oen = ue]| [l — el

< 2{xn — ul|.

That is,

T[(1—0)Txy+ Tz — [(1 — @) Txp+ ATz || < 2|50 — ] eevevenene (F)
For a3 in equation (D), we get,

|lu—Tul| = 0.

For, a4 in equation (D), we get,

I(1 = o) Ty + 0T 2 — ual| < [l — e

For, as in equation (D), we get,

[l =T[(1 = ) Txn + AT 2] || < [ — el

Combining all the above result in Eq. (D), we get,

[yn = ull < arllxn —ull +2aa||x, — ul| + as]|x, — ull + aallx, — ul] +as||x, — ul.

So,
v —u|| < (a1 +2ax+as+as)||xp — ul|.ceoeeeeneee. (3)
By symmetry, ||y, —u|| < (a) +2a3+as+as)||x, — v]|-oeeerernenene. 4)

Adding Egs. (3) and (4), we get,
2|lyn —ul|| <2(a; +ax+az+as+as)||x, — ul|-
v — u|| < {20 — ] e (G)

Now, we calculate Eq. (A), ||x,+1 —u||,
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Where x,+1 = Tyy. ||xpr1 —ul| = || Ty, —ul].
By Eq. (2A) and (G), we get,
xns1 —ul| = llyn —ul] < ||xn —u]eeeeneennnn (H)
Hence, {||x, —u||}, is a monotonically decreasing sequence and bounded, hence convergent.
Also,
o641 — wll < X1 — T 2l + | T, gz — tel] o, (D
we know that T, g is also continuous and by hypothesis x,, — z, we have
To gxn, — Ty p2.
Now,
T pXn; = T[T[(1 — @) Txp, + T [(1 — B)xn; + BTxn]]] = Xn;11-
Therefore, from (I) we get,
lim; oo |11 — ul] < ([T pz— | oeverinnnns @
By using hypothesis x,, — z we get,
Hny, o | — ul| = Timmy oo [0y, — ] =[]z — u].
Hence, we have,
Iz =] = Timy o [| 20 — ] = Ty sco [ 1 — ] < [T 2 — ]
Which is a contradiction to our hypothesis, we therefore conclude that z = u.
Now, 1imy, e ||, — u]| = 1imy—seo || X, — t]| = lim;—se0 ||xs, — 2]| = O,

and this completes the proof of the theorem.

Remark 3.2. [f the hypothesis || Ty gz — u|| < ||z — ul| where u is the fixed point of T, z # u,

Xn; = 2 1Xn; } C {Xn} of the Theorem 1 is replaces by || Ty gx — u|| < ||x —ul|, u is a fixed point

of T, x # u, x € K, the Theorem can be proved in few lines as follows from [3]:

Corollary 3.3. Let X be a strictly convex Banach space and K be a nonempty bounded closed
convex subset of X. Let T be a mapping of K into convex subset of K such that T satisfies the

condition (A) in K and T is completely continuous. Then for a, € [0,1], the sequence {x,},
X =T[T[(1=a)Tx,+aT[(1 —B)x,+ BTx,]]],x0 € T(K),

converges to the unique fixed point of T in K, provided | Tx — u|| < ||x — u

, Where u is a fixed

point of T, x # uand x € T(K).
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Proof : By Schauder’s Theorem, since T is completely continuous, 7 has a fixed point u in

K. Since T satisfies condition (A) the fixed point is unique.

Let x # u. We would like to prove that
T px—ul < [lx—ul].coennen. (1)

We have,

[Ty px—ull = | T[T[(1 — @) Tx+ &T[(1— B)x+ BT =]}, 2)

From the proof of the previous theorem using (A) we get,

[T px—ul < [lx—ul|.connen. (3)

If possible,
[T px—ull =[x —ul].coenen. (4)

. Then

[lx—ul = IT[T[(1 — a)x+ aT[(1 = B)x+ BTx]]] — ul.

By using equation (2A), (C) from the proof of the previous theorem, we get,
< e —ull =[IT[(1 = ) Tx+aT[(1 - B)x+ BT]] — ul|.
<||(1=a)Tx+aT[(1—B)x+BTx]—u|.

)
<||1—a)Tx+aT[(1-B)x+BTx]— (1 — o+ a)ul.
)
)

<|[[(1—a)(Tx—u)+al[T[(1—B)x+BTx]—ull.
< (1 —a)(x—u) +a[T[(1 - B)x+ BTx] —ull.
<A =-a)|[(Tx—u)|| + | T[(1 = B)x+BTx] —uf.
< (A =a)|[(Tx—u)| + ef|(x —u)]].

< (I-o)||(x—u)|+ all(x—u)].

< [ —w)]

Therefore, we have,

11— o) (x— ) + @[T [(1 — B)x+ BTx] — ]| = (1 — &) — )| + | [T [(1 — B)x+ BTx] —

and also |[(1 — o) (x—u)||+||o[T[(1 = B)x+ BTx] —u]|| = ||x—ul............ (6)
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From eq (5) and strict convexity, we have,
(1—a)(x—u)=poa[T[(1—-B)x+BTx] —u],u >0............. (7)
From Eq. (6) and (7), we get, (1 — a)|[x—u|| + @Hx—u” = ||lx —ul].

From, eq (7) and (8), we get,

03 (=) = p[T((1 = Bx+ BTx] —ul.
u(x—u) = p[T[(1—B)x+BTx]—ul.
(x—u) =[T[(1-B)x+BTx|—ul.

lx —ull = |T[(1 = B)x+BTx] —ul.

< [T =B)x+ BTx] —ul|.

< (1= B)x+BTx] — (1= B+ B)ull.

< MM =B)(x—u) +B(Tx—u).

< (1= B)llx—ul[+ B Tx —ul].

< (1= B)llx—ul[ + Bllx — ul].

< Jlx—ull.

So, we have, (1 —B)||x —u|| + B||Tx —ul| = ||x —ul|.
BlTx—ull = (1 =1+ B)[lx—ull.
BIITx—ull = Bllx—ul|.

1T = ul| = [lx —ul.

A contradiction to the fact that

172 = ae]| < loe — u].

Therefore, ||Ty gx —ul| < |]x—ul|.
Thus because 7 (K) is convex and compact and X is complete, the proof follows from the remark

(2) above.

Theorem 3.4. Let K be a nonempty bounded closed convex subset of a strictly convex Banach

space X and let T : K — K be a mapping satisfying condition (A) and either

(a)supx,zeF”Tx—ZH < 5(F)
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for every nonempty closed convex bounded subset F of K containing more than one element and

is mapped into itself by T, and
(b)T : K — K is continuous.

Then the sequence {x,},x, = T[T[(1 — &)Txp—1 +aT[(1—B)xy—1+BTxn—1]]],x0 €K, ,B €
[0, 1] converges to the unique fixed point u of T provided the sequence {x, — Tx,} has subse-

quence {x,, — Txp } such that ||x, — Txp,|| — 0.

Proof : Since, a uniformly convex Banach space is reflexive, then the existence of a fixed
point # of T in K is assured by a theorem of Chakraborty and Lahiri (1976) if (a) is satisfied
and by a theorem of Goebel et.al (1973) if (b) is satisfied. The fixed point # of T in K is unique
because a; or az. Following the proof of theorem (2) Tiwary et. al. we get, x,, — u. From

theorem 3.1, equation (H), we get,
|1 — aal| < {1 — ]
and so,
lim ||x, — u|| = lim ||x,, —u|| = 0.
n— k—
This completes the proof of the theorem.

Here we discuss some set theoretic structure of the fixed points of 7, g when 7' is linear. The

following theorem has been proved by Tiwary et.al. [3].

Theorem 3.5. Let X be a nonempty bounded closed convex subset of a strictly convex Banach

space BandletT: X — X. Let
Taﬁx: (1 —OC)X—|—(XT[(1 _B)X+BTX]7aaﬁ < [07 1]7

and let F(Ty g) = {x € X : Ty gx = x} be nonempty. Then F(Ty g) is closed when T is linear
and continuous.

Inspired by this result we now present some results using K- iteration process.

Theorem 3.6. Let X be a nonempty bounded closed convex subset of a strictly convex Banach

space Band letT: X — X. Let

Tupx=T[T[(1—a)Tx+aT[(1-B)x+BTx]]],a,p €[0,1],
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and let F(Ty g) = {x € X : Ty gx = x} be nonempty. Then F (T, g) is closed when T is linear

and continuous.

Proof : If F(Ty g) is a singleton set then the proof is obvious. Let us suppose that F (T, g)
contains more that one point. We choose a sequence {x, }, {x,} € F(Ty g) such thatlim,, e x, =
z for some z € B. Now,
1T pz =2l < [ Ter,pz = Xul| 4 [loen — 2]
= || Tz — T pXull + 1% — 2.
= T[T[(1=o)Tx+aT[(1—=B)x+BTx|] = z| +|T[T[(1 - ) Txp + T [(1 = B)xn+BT25:]]] -
2l + [ = 2]l-

By referring the proof of the previous corollary eq (1), we get,
< T pz =2l + 1w pora — 2l + 1 — 2l

< iz =2l + [l = 2]l =+ [l — z]l-

Taking lim,,_,.., we have,

Ty pz=2z.

This implies, z € F(Ty g) and F(T, g) become closed.

Theorem 3.7. Let E be a nonempty bounded closed convex subset of a strictly convex Banach

space Band letT: E — E. Let
Topx=T[T[(1 —)Tx+aT[(1—B)x+pTx]]], e, €[0,1],
and let F(Ty g) = {x € E : Ty gx = x} be nonempty. Then F(Ty, g) is convex when T is linear.

Proof : If F(T,p) is a singleton set then we have nothing to prove. Let us suppose that
F (T p) contains more than one point. Let x,y(x #y) € F(T, g) be arbitrary. Let also, for some
A:0<A<1,z=Ax+(1—A)y. Then

By using the eq (1) of Corollary 3.3, we get,

|Tapz—x|| < llz—=x[[cceiiinnn (1)
Similarly,

1T pz—=yIl < llz= Y[ (2)
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Thus,

x =y = [|x =Ty pz+ Ty pz—l-
<|lx—zll +llz=yll-
z=Ax+(1—=A)y

7—Ax=y—Ay.

z—y=A(x—y).
x—z=(x—y)+—2)=@x-y)—Ax—y)=(x—y)(1-2).
Therefore,

=yl < (T =) [lx =yl + Al =yl = lx =yl

Hence,

e =yl = llx—zll + llz = ¥ll-

Hence the proof follows from Theorem 5, of Tiwary et.al. [3].
Conflict of Interests

The authors declare that there is no conflict of interests.

REFERENCES

[1] R. Kannan, Some results on fixed points, Bull. Calcutta Math. Soc., 60(1968), 71-76.
[2] S. Reich, Kannan’s fixed point theorem, Bull. Univ. Mat. Italiana., 4(4) (1971), 1-11.
[3] K. Tiwary, T. Basu, and S. Sen, Some results on approximation of fixed points of non-linear mappings, Bull.
Cal. Math. Soc., 87(1995), 425-434.
[4] K. Goebel, W.A. Kirk, and T.N. Shimi, A fixed point theorem in Uniformly Convex Banach space, Bull. Un.
Mat. Ital., 4 (1973), 67.
[5] M.K. Chakraborty, and B.K. Lahiri, On fixed point of operators, Indian J. Math., 18 (2) (1976), 81.
[6] G. Hardy and T. Rogers, A generalisation of fixed point theorem of Reich, Can. Math. Bull., 16 (1973),
201-206.
[7] EF. Bonsall, Lectures on some fixed point theorems of Functional analysis, Tata Institute of Fundamental
Research, Bombay, 1962.
[8] K. Tiwary, B.K. Lahiri, Approximation of fixed points of non-linear mappings, Bull. Cal. Math. Soc., 81
(1989), 427-434.
[9] Hussain, N., Ullah, K., Arshad, M. Fixed point approximation for Suzuki generalized nonexpansive map-
pings via new iteration process, J. Comput. Anal. Appl., (2018), arXiv:1802.09888v]1.
[10] Mann, W.R., Mean value methods in iteration, Proc. Amer. Math. Soc., 4(1953), 506-510.
[11] Ishikawa, S., Fixed points by a new iteration method, Proc. Amer. Math. Soc., 44(1974), no. 3, 147150.



APPROXIMATING FIXED POINTS OF A NON LINEAR MAPPING 13

[12] R.P. Agarwal, D. ORegan, D.R. Sahu, : [Iferative construction of fixed points of nearly asymptotically non-
expansive mappings, J. Nonlinear Convex Anal., 8 (1) (2007), 61-79.

[13] M.A. Noor, New approximation schemes for general variational inequalities, J. Math. Anal. Appl, 251 (1)
(2000), 217-229.

[14] M. Abbas, T. Nazir, A new faster iteration process applied to constrained minimization and feasibility prob-
lems, Mat. Vesn., 66 (2) (2014), 223-234.

[15] V. Karakaya, N.E.H. Bouzara, K. Dogan, and Y. Atalan, On different results for a new two-step iteration
method under weak-contraction mapping in Banach spaces, arXiv:1507.00200v1, 2015, pp.10.

[16] Chatterjea, S. K: Fixed point theorem. C. R. Acad. Bulgare Sci. 25 (1972), 727-730.



	1. Introduction
	2. Preliminaries
	3. Main results
	References

