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Existence, Error estimation, Rate of convergence, Ulam-Hyers stability, Well-posedness
and Limit Shadowing Property Related to a Fixed Point Problem

Binayak S. Choudhury, Nikhilesh Metiya and Sunirmal Kundu

ABSTRACT: In this paper we consider a fixed point problem where the mapping is supposed to satisfy
a generalized contractive inequality involving rational terms. We first prove the existence of a fixed point
of such mappings. Then we show that the fixed point is unique under some additional assumptions. We
investigate four aspects of the problem, namely, error estimation and rate of convergence of the fixed point
iteration, Ulam-Hyers stability, well-psoedness and limit shadowing property. In the existence theorem we use
an admissibility condition. Two illustrations are given. The research is in the line with developing fixed point
approaches relevant to applied mathematics.
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1. Introduction

Our primary purpose in this paper is to establish a fixed point theorem for a mapping which satisfies
a contractive inequality involving rational terms and also some other conditions which are conceptual
extension of admissibility conditions. The latter has been used quite extensively in the recent develop-
ments of fixed point theory [1,8,10,19,20,23]. It is shown that the fixed point is unique if some additional
conditions are imposed. We investigate some aspects of the fixed point problem considered here. We
make an error estimation of the fixed point iteration which we construct in this paper. We also investigate
the rate of convergence of the iteration process. Such considerations have appeared in the fixed point
theory through works like [2,7,14,25].

Next we investigate the Ulam-Hyers stability of the fixed point problem. It is a type of stability which
was initiated by a mathematical question by Ulam [24] and subsequent partial answers by Hyers [9] and
Rassias [16]. The investigation of such stability has been performed in various contexts of mathematics
like functional equations [5,6], isometries [12,17], etc.

Finally we investigate the well-posedness and limit shadowing property of the problem. These are
two related properties of the fixed point problem. The study of well-posedness has appeared in several
recent works related to fixed point theory as for instances in [4,10,11,13,15,22].

The relevance of the present study lies in the theoretical development of fixed point methodologies
applicable to different domains of applied mathematics like differential equations, functional equations
ete. [3,21].
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2. Mathematical background

For the purpose of the following three definitions we formally state the following fixed point problem
to which they are related.

Problem (P): Let (X, d) be a metric space and F' : X — X be a mapping. We consider the problem
of finding a fixed point of F', that is, the problem of finding = € X such that

r = Fu. (2.1)

Definition 2.1 ([10,18]). The problem (P) is called Ulam-Hyers stable if there exists ¢ > 0 such that, for
any € > 0 and y € X with d(y, Fy) < € there exists a solution 2* € X of x = Fz such that d(y, z*) < ce.

Definition 2.2 ([22]). The problem (P) is called generalized Ulam-Hyers stable if there exists a function
¢ : [0, co) — [0, o0), which is monotone increasing, continuous at 0 with ¢(0) = 0, such that for each
€ > 0 and for each solution u* € X of the inequality d(x, Fx) < € there exists a solution z* € X of
x = Fx such that d(u*, z*) < ¢(e).

Remark 2.3. If ¢ : [0, c0) — [0, o0) is defined as ¢(t) = ¢ ¢ for t > 0, where ¢ > 0 is a constant, then
Definition 2.2 reduces to Definition 2.1.

Definition 2.4 ([10]). The problem (P) is called well-posed if (i) F has a unique fixed point z* € X,
(ii) d(xyn,2*) — 0 as n — oo, whenever {z,} is a sequence in X with d(z,, Fx,) — 0 as n — co.

Definition 2.5 ([22]). The problem (P) has the limit shadowing property in X if, for any sequence {z,,} €
X for which d(z,, Fz,) — 0 asn — oo, it follows that there exists z € X such that d(z,, F"z) — 0 as
n — o0.

Definition 2.6. Let X be a nonempty set and o : X x X — [0, 00). A mapping F : X — X is said to
be a-dominated if a(z, Fx) > 1, for z € X.

The above definition is illustrated though the following example.

Example 2.7. Let X = [0, 1] be equipped with usual metric. Let F: X — X and o : X x X — [0, o0)
be respectively defined as follows:

302
sz%, forxze X and oz, y)z{

et if 0<2<1, 0<y<g,
0, otherwise.

As Fx € 0, %], for all x € [0, 1], it follows that o(x, Fx) > 1, for all x € [0, 1], that is, F is a «-
dominated mapping.

Definition 2.8 ([20]). A function o : X x X — [0, c0), where X is a nonempty set, is said to have
triangular property if for z, y, z € X, a(z, y) > 1 and a(y, z) > 1 = a(z, z) > 1.

Definition 2.9 ([19]). Let (X,d) be a metric space and a : X x X — [0, oo). Then X is said to have
regular property with respect to « (or a- regular property) if for every sequence {x,} in X converging
tox € X, a(xn, Tpt1) > 1, for alln = a(x,, z) > 1, for all n.

Remark 2.10. For the metric space X and the mapping « as in Example 2.7, it can be easily verified
that « has triangular property and X is regular with respect to a.

Let (X,d) be a metric space and o : X x X — [0, oo) be a mapping. We designate the following
properties by (Al), (A2) and (A3):

(A1) X has regular property with respect to «;

(A2) « has triangular property;

(A3) for every x,x* € X, there exists a u € X such that a(z,u) > 1 and a(z*,u) > 1
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3. Main results

In this section we establish a fixed point result. We discuss its uniqueness under some additional

assumptions. We deduce some corollaries of the main result and illustrate it with an example.

Theorem 3.1. Let (X,d) be a complete metric space, F : X = X and a: X x X — [0, 00). Suppose
that F' is a-dominated and there exists k € (0,1) such that for z,y € X with a(z,y) > 1,

d(Fz,Fy) <k maz {d(z,y),

d(xz,Fx)+d(y, Fy) d(z, Fy)+d(y, Fz)
2 ’ 2 ’
d(z, Fx) d(y, Fy) d(y, Fr) d(waFy)}
1+d(z,y) 1+d(z,y) '

Also, suppose that the property (A1) holds. Then F has a fixed point in X.

Proof. Let xp € X be arbitrary. We construct a sequence {z,} in X such that

Tpy1 = Fa,, for all n > 0.

As F is a-dominated, we have

Let

a(zy, Fr,) = oz, xne1) > 1, for all n > 0.

Ty = d(xn, Tpy1), for all n > 0.

By (3.1), (3.2), (3.3) and (3.4), we have

d(Tn+1, Tny2)

Therefore,

= d(Fxn, Frn41)

d n,F n d n )F n
It max {d(xn,xn+1), (Tn, F'zn) + 2(33 +1, F'x +1)’

d(xp, Fxpi1) + d(xps, Foyn)  d(xg, Fa,) d(@ng1, Fxpg)
2 ’ 1+ d(zn, Tpi1)

IN

)

d(xps1, Fry) d(xn, Frne1)

1+ d(xn, Tn1)
d(xna xn+1) + d(xn+1a xn+2) d(xnv xn+2)
2 ’ 2 ’

= k max {d(mn,xn+1),

d(Tp, Tny1) d(Tni1, Tng2) 0}

1+ d(xn, xnt1)
d(@n, Tnt1) + d(@nt1, Tnoo)
5 )
d(@n, Tny1) + d(@Tng1, Tnio)
2
Tn + Tnttl, Tn + Tnel , }
2 2

IN

k max {d(mn, Tnt1)s

5 d(xn—',-l, .’En.i,.Q)}

= k max {rn,

Ty + Tn+4+1

5 <max {rn, rny1} ] .-

= k max {rn, rn+1}, [ as

d(anrla xn+2) < k max {T’I’Lv rn+1}~

Suppose that 0 < r,, < r,41. From (3.4) and (3.5), we have

Tn4+1 = d(xn+17 xn+2) S k Tn+1,

which is a contradiction. Therefore, r,,+1 < 7, for all n > 0. Then from (3.5), we have

d(Tpt1, Tpy2) =Tne1 <k r, =k d(x,, xnt1), for all n > 0.

(3.3)

(3.4)
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By repeated application of (3.6), we have
d(Tpt1, Tpio) <k d(xn, Tpe1) < k2 d(xp_1, T,) < ... < k" d(xg, 1). (3.7)
With the help of (3.7), we have

1

o
nz:ld Ty Tpy1) < Z: d(xo, 1) =1-% d(xg, 1) < 00,

which implies that {x,} is a Cauchy sequence in X. As X is complete, there exists € X such that

lim x, = z. (3.8)

n—r oo

By (3.3), (3.8) and the assumption (A1), we have a(z,, ) > 1, for all n > 0. Using (3.2), we have

d(xpt1, Fx) = d(Fz,, Fx)
< max {d(xn,x), d(xn,Fxn)z—i— al(;v,Fac)7 d(zy, Fx) —;— d(x,Fxn)’
d(xy, Fx,) d(z,Fx) d(z, Fz,) d(xn,Fx)}
1+ d(xn, ) ’ 1+ d(xn, )
= k max {d(xna x)a d(x”’ xn+1)2+ d(x7 Fx) 9 d(xn’ Fx) —'2_ d(x7 xn+1) )
d(xn, Tpy1) d(z, Fz) d(z,Tp41) d(xn,Fx)} (3.9)
1+ d(xp, ) ’ 1+ d(xn, ) ' '

Taking limit as n — oo in (3.9) and using (3.8), we have

d(z, Fz) d(z,Fx) 0 O}

d(z, Fr) < k max {O, 5 5

d(x, Fx)
_ o Un T
2 )

which implies that d(x, Fz) = 0, that is, x = Fz, that is, = is a fixed point of F.

Theorem 3.2. In addition to the hypothesis of Theorem 3.1, suppose that (A2) and (A3) hold. Then F
has a unique fized point.

Proof. By Theorem 3.1, the set of fixed points of F' is nonempty. If possible, let z and x* be two fixed

points of F'. Then z = Fz and z* = Fz*. Our aim is to show that z = z*. By the assumption (A3),

there exists w € X such that a(x, u) > 1 and a(z*, u) > 1. Put ug = u. Then a(r, up) > 1. Let
= Fug. Similarly, as in the proof of Theorem 3.1, we inductively define a sequence {uy,} such that

Upy1 = Fuy, for all n > 0. (3.10)
As F is a-dominated, we have
a(Up, Uns1) > 1, for alln > 0. (3.11)

Arguing similarly as in proof of Theorem 3.1, we prove that {u,} is a Cauchy sequence in X and there
exists p € X such that

lim u, = p. (3.12)

n— 00

We claim that

a(z, u,) > 1, for all n > 0. (3.13)
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In fact, we shall use mathematical induction. As a(z, ug) > 1 and a(ug, u1) > 1, by the assumption
(A2), we have a(x, uy) > 1. Therefore, our claim is true for n = 1. We assume that o(z, um,) > 1
holds for some m > 1. Now by (3.11), &(tm, Um+1) > 1. Then applying the assumption (A2), we have
a(z, um+1) > 1 and this proves our claim.

By (3.1) and (3.13) we have, for all n > 0

d(x,upy1) = d(Fz, Fuy)
<k max {d(m,un), d(z, F) +2d(un, Fun), d(z, Fun)—;d(un, Fa:)7
d@, Fz) dun, Fun) d(@, Fun) d(un, Fx)}
1+ d(z,un) 1+ d(x,un)
= ke max {d(z,un), d(“nv;nﬂ)’ d(z, un+1)2+ d(un, )
0 d(x’lu:tll()xflziz;’ x)}- (3.14)
Taking limit as n — oo in (3.14) and using (3.12), we have
d@.p) < knmx{“%pxo’ﬂ%lﬂgd@’@’o’ﬂ?fgégb@}
<k max {d(ﬂf’p), d(z, p), d(m,p)} =k d(z,p), (3.15)

which is a contradiction unless d(z, p) = 0, that is, 2 = p. Similarly, we can prove that 2* = p. Hence we
have x = z*, that is, the fixed point of F' is unique.

We present the following illustrative examples in support of Theorems 3.1 .

Example 3.3. Using the metric space X, mappings a and F' as in Example 2.7, we see that a has

triangular property and X is regular with respect to a (see Remark 2.10) and F' is a a-dominated
1

mapping. Take k = 1

Let z,y € X with a(z, y) > 1. Then z € [0, 1] and y € [0, é] Therefore, it is required to verify the
inequality in Theorem 3.1 for z € [0, 1] and y € [0, §]. Now, d(z,y) =| 2 —y | and

sinz  sin’y

A, Py) =] L Y | LG — ) sina ) < 1 |singe—y) |< Y]
_lJe—y| 1dx y)
44 4 4
< i I {d(m,y 7 d(z, Fz) ;L d(y,Fy)’ d(z, Fly) ;L d(vax)7
d(z, Fz) d(y, Fy) d(y, Fx) d(m,Fy)}
1+d(z,y) 1+ d(z,y) '

Then it follows that the inequality in Theorem 3.1 is satisfied for all z,y € X with a(z, y) > 1. Hence
all the conditions of Theorem 3.2 are satisfied and 0 is the unique fixed point of F.

4. Error estimation and rate of convergence

We now study the rate at which the iteration method of finding the fixed point of the problem (P)
converges if the initial approximation to the fixed point is sufficiently close to the desired fixed point.

Definition 4.1. The problem (P) is said to be of order r or has the rate of convergence r if (i) F' has
a unique fixed point z, (ii) r is the positive real number for which there exists a finite constant C' > 0
such that Ryy1 < C' R}, where Ry = d(z, xj) is the error in k" iterate. The constant C' is called the
asymptotic error.
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When r = 1 we say that the problem (P) is linearly convergent.

Theorem 4.2. Let (X,d) be a complete metric space, F : X — X and a: X x X — [0, 00). Suppose

n+1
d(xl, LCQ),

that F satisfies all the assumptions of Theorem 3.2. Then Ry1 < W

Proof. By Theorem 3.2, F' has a unique fixed point x € X. Let o € X be the initial approximation
of x and 1 = Fxo. Similarly, as in the proof of Theorem 3.1, we define a sequence {z,} such that
Tpt1 = Fa,, for all n > 0. Then arguing similarly as in proof of Theorem 3.1, we can show that

(a) (3.3) and (3.7) are satisfied;

(b) {zy} is a Cauchy sequence in X and converges to a fixed point of F' in X.
As, we consider that z is the unique fixed point of F', we have lim, o z, = 2. By (3.3), (3.8) and the
assumption (A1), we have a(z,, ) > 1 for all n > 0. Then we have

Rpi1 =d(z, zpy1) =d(Fx, Fr,) =d(Fz,, Fx)
d(xy, Fa,) +d(z, Fx)  d(x,, Fr) + d(x, Fa,)
2 ’ 2 ’
d(xy, Fx,) d(z,Fx) d(z, Fz,) d(z,, Fz) }
1+d(zp,z) 1+ d(zp, )
d(l‘n,l‘n+1) d(l‘n,l‘) +d($,$n+1) d($,$n+1) d(mn,x)
<
—knmx{d@mm% 2 2 1+ d(zn, 2) }
d(xp, ) +d(z,xng1) d(xn,x) +d(, Tpyr)
2 3 2 3
d(x, xny1) d(wn, )
0, }
1+d(zy,x)

< k max {d(mn,m),

705

< k max {d(mn,m),

=)

k {Rn, Rn + Rn+1 , Rn + Rn+1 Rn+1 Rn }

2 2 " 14+R,
R,+R,+1 R,+ Rn.t1 R
" 2 ’ 2 ’ "“}
R, + Rnt1
2

ax

< k max {R
= k max {Rn, Rn+1}, [ as < max {Rn, Rus1}]. (4.1)

Suppose that R, 11 > R, > 0. Then we have R, 41 <k R,y1. AsO0 <k <1 and R,,4+1 > 0, it leads to a
contradiction. Therefore, R, +1 < R,,. Hence it follows from (4.1) that

Ro+1 <k R, <kl|d(@n+1, o)+ Rnt1], (4.2)
that is,
Rpi1 < = d(Tpy1, Tn), (4.3)
which, by (3.7), implies that
g+l
Rpy1 < m d(x1, xp).

Remark 4.3. In general, the speed of the iteration depends on the value of k; the smaller is the value
of k, the faster would be the convergence.

Remark 4.4. Above theorem shows that if 0 < k& < 1 the error in taking the point z,, instead of z
n

does not exceed i d(x1, xo). This error can be made less than a preassigned real number € > 0, if

1—
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os (S50

e

iterations n needed to bring the point x,, within ¢ distance of the actual fixed point.

] + 1, where [y] denotes the greatest integer function. This gives the number of

Remark 4.5. By Theorem 3.2, F' has unique fixed point x. The inequality (4.2), that is, R,41 < k R,
shows that the fixed point problem (P) is linearly convergent with asymptotic error k.

5. Ulam-Hyers stablity

In this section we discuss Ulam-Hyers stablity of fixed problem (P) via a— dominated mapping. For
this purpose we consider the fixed point problem (P) and the inequality

d(xz, Fr) <€, wheree>0. (5.1)

We consider the following assumption which we use in the theorem of this section.
(A4) For any solution z* of x = Fx and any solution u* of (5.1), one has a(z*, u*) > 1.

Theorem 5.1. In addition to the hypothesis of Theorem 3.2, suppose that (A4) holds. Then the fized
point problem (P) is Ulam-Hyers stable.

Proof. By Theorem 3.2, F' has unique a fixed point z* € X. Therefore, z* is a solution of x = Fz. Let
u* € X be a solution of (5.1). Then d(u*, Fu*) < e. By the assumption (A4), we have a(z*, u*) > 1.
Using (3.1), we have

dz*, u*) = d(Fz*, v*) <d(Fz*, Fu*) 4+ d(Fu*, u*)
< b max {d(x*,u*), d(z*,Fx )—;—d(u , Fu )’ d(z*, Fu )—;—d(u ,Fa )’
d(z*, Fz*) d(u*, Fu*) d(u*, Fa*) d(z*, Fu*)
d F * *
1+ d(z*, u*) ’ 1+ d(z*, u*) }+ (Fu”, w)
<k max {d(x*,u*), %7 dia,u’) + dlu ’2Fu )tz ), 0,
d(u*, z*) [d(x*,u*) —|—d(u*,Fu*)]} iy
1+ d(x*,u*)
v s € d(x* u*) 4+ e+ du*,x*) d(u*, z*) [d(x*,u*) + €]
< —
< k max {d(x,u), 5 5 , 0, 1 d(o o) }—i—e
2 * *
< k max {d(x*,u*), %, M, 0, d(x*,u*)—i—e}—i—e

= kldz",u")+¢€ +e,
which implies that

(k+1) €

* *<
d(z*, u*) < T %

(5.2)

Let us define a function ¢ : [0, co0) — [0, c0) as ¢(t) = % Then by (5.2), we have

(k+1)e€
d(z*, u* — = .
(", w) < S = ()
Since ¢ is monotone increasing, continuous and ¢(0) = 0. Therefore, the fixed point problem (P) is
Ulam-Hyers stable.
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6. Well-Posedness and Limit shadowing property

In this section we discuss the well-posedness and Limit shadowing property of fixed point problem
(P) via a— dominated mapping. For this purpose we use the following assumption.

(A5) If * is any solution of # = Fz and {z,,} is any sequence in X with d(z,, Fz,) — 0 as n — oo,
then a(x,, z*) > 1, for all n.

Theorem 6.1. In addition to the hypothesis of Theorem 3.2, suppose that the assumption (A5) holds.
Then the fized point problem (P) is well-posed. Also, the problem (P) has limit shadowing property.

Proof. By Theorem 3.2, F has a unique fixed point * € X. Then z* is a solution of x = Fx. Let {z,}
be a sequence in X with d(x,,, Fx,) — 0 as n — co. By the assumption (A5), we have a(x,, z*) > 1,
for all n. Using (3.1), we have

S k max {d(‘,tn’:t*)7 d(xnann);_d(x ,F.’,C 7 d(xn,F{,C )—;—d(m "F“f'rn)7

d(z,, Fx,) d«z*, Fx*) d(z*, Fx,) d(z,, Fx*
: 1+ d()mn(, x*) )’ : 1+ dzmn(, x*) ) } +d(@n, Fn)
d(xp, Fxy) d(xg,z*) +d(z*, Fx,) 0 d(z*, Fay,) d(x,, x*) }
2 ' 2 T 1+ d(zy, z*)
+d(xp, Fap)

<k max {d(xn,x*),

d(xp, Fa,) d(x,,z*) +d(z*, x,) + d(z,, Fx,)

< k max {d(xn,x*), 5 , 5 ,
[d(x*, xy) + d(zy, Fa,)] d(z,, x*)
9y F n
e } o+ d(@n, Fa)
d(@n, Fan) 2 d(@n, ") + d(@n, Fa, .
= k max {d(xn,x*), (@ 5 * ), (Zn, @ ); (&0, ),d(m ,xn)—l—d(mn,an)}
+d(xn, Fxp)
'rLaF n n?F n E
< k max {d(xn,x*), M, d(mn,m*)—kw, d(x ,xn)—l—d(mn,Fxn)}
+d(zy, Fz,)

= k[d(z", z,) + d(xn, Fr,)] + d(zn, Fa,),
which implies that

(1+k)

* <
d(x*, zy) < T %

d(xp, Fxy).

Then it follows that lim,, o d(z,,z*) = 0, that is, z, — 2* as n — oo. Hence the fixed point problem
(P) is well-posed.

As z* € X is the unique fixed point of F' and lim,,_, o d(x,,,2*) = 0, for any arbitrary sequence {z,, }
in X with d(z,, Fz,) — 0 as n — oo, it follows that lim, o d(x,, F"z*) = lim,, o d(z,,2*) = 0.
Hence, the problem (P) has limit shadowing property.

Acknowledgments
The authors gratefully acknowledge the suggestions made by the learned referee.

References

1. Amiri, P., Rezapour, Sh., Shahzad, N., Fized points of generalized o« — 1)-contractions, RACSAM 108 (2), 519-526,
(2014).

2. Berinde, V., Error estimates for approzimating fized points of quasi contractions, Gen. Math. 13(2), 23-34, (2005).



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

EXISTENCE, ERROR ESTIMATION, RATE OF CONVERGENCE... 9

. Carl, S., Heikkild, S., Fized Point Theory in Ordered Sets and Applications, Springer-Verlag New York, 2011, DOI

10.1007/978-1-4419-7585-0.

. Chifu, C., Petrusel, G., Coupled fized point results for (¢, G)-contractions of type (b) in b-metric spaces endowed with

a graph, J. Nonlinear Sci. Appl. 10, 671-683, (2017).

. Cieplinski, K., Applications of fized point theorems to the Hyers-Ulam stability of functional equations - a suvey, Ann.

Funct. Anal. 3(1), 151-164, (2012).

. Elqorachi, E., Rassias, T. M. , Generalized Hyers-Ulam stability of trigonometric functional equations, Y, Mathematics

6, (2018), doi:10.3390/math6050083.

. Hussain, N., Rafiq, A., Damjanovié¢, B., Lazovi¢, R., On rate of convergence of various iterative schemes, Fixed Point

Theory Appl. 2011: 45, (2011).

. Hussain, N., Karapinar, E., Salimi, P., Akbar, F., a-admissible mappings and related fized point theorems, J. Inequal.

Appl. 2013 : 114, (2013).

. Hyers, D. H., On the stability of the linear functional equation, Proc. Natl. Acad. Sci. USA 27(4), 222-224, (1941).

Kutbi, M. A.; Sintunavarat, W., Ulam-Hyers stability and well-posedness of fized point problems for o — X-contraction
mapping in metric spaces, Abstr. Appl. Anal. 2014, Article ID 268230, 6 pages, (2014).

Lahiri, B. K., Das, P., Well-posedness and porosity of a certain class of operators, Demonstratio Math. XXXVIII(1),
169-176, (2005).

Murali, R., Antony Raj, A., Deboral, M., Hyers-Ulam stability of the isometric Cauchy-Jenson mapping in generalized
quasi-banach spaces, Int. J. Adv. Appl. Math. Mech. 3(4), 16-21, (2016).

Phiangsungnoen, S., Kumam, P., Generalized Ulam-Hyers stability and well-posedness for fized point equation via
a-admissibility, J. Inequal. Appl. 2014: 418, (2014).

Phuengrattana, W., Suantai, S., On the rate of convergence of Mann, Ishikawa, Noor and SP-iterations for continuous
functions on an arbitrary interval, J. Comput. Appl. Math. 235, 3006-3014, (2011).

Popa, V., Well-posedness of fized point problem in orbitally complete metric spaces, Stud. Cercet. Stiint., Ser. Mat.
16, 209-214, (2006).

Rassias, T. M., On the stability of the linear mappings in Banach spaces, Proc. Amer. Math. Soc. 72, 297-300, (1978).
Rassias, T. M., Isometries and approxzimate isometries, IIMMS 25:2, 73-91, (2001).
Rus, I. A., Remarks on Ulam stability of the operatorial equations, Fixed Point Theory 10(2), 305-320, (2009).

Samet, B., Vetro, C., Vetro, P., Fized point theorem for o — - contractive type mappings, Nonlinear Anal. 75, 2154—
2165, (2012).

Samet, B., Fized points for a — - contractive mappings with an application to quadratic integral equations, Electron.
J. Differential Equations 2014 ( No.152), 1-18, (2014).

Sen, M., Saha, D., Agarwal, R. P., A Darbo fized point theory approach towards the existence of a functional integral
equation in a Banach algebra, Appl. Math. Comput. 358, 111-118, (2019).

Sintunavarat, W., Generalized Ulam-Hyers stability, well-posedness and limit shadowing of fixed point problems for
o — B— contraction mapping in metric spaces, The Scientific World Journal 2014, Article ID 569174, 7 pages, (2014).

Salimi, P., Latif, A., Hussain, N. Modified o — 1~ contractive mappings with applications, Fixed Point Theory Appl.
2013 : 151, (2013).

Ulam, S. M., Problems in Modern Mathematics, Wiley, New York (1964).

Yildirim, I., Abbas, M. Convergence rate of implicit iteration process and a data dependence result, Eur. J. Pure Appl.
Math. 11 (1), 189-201, (2018).



10

B. S. CHOUDHURY, N. METIYA AND S. KUNDU

Binayak S. Choudhury,

Department of Mathematics,

Indian Institute of Engineering Science and Technology, Shibpur,
Howrah - 711103, West Bengal, India.

E-mail address: binayak12@yahoo.co.in

and

Nikhilesh Metiya,

Department of Mathematics,

Sovarani Memorial College,

Jagatballavpur, Howrah-711408, West Bengal, India.
E-mail address: metiya.nikhilesh@gmail.com

and

Sunirmal Kundu,

Department of Mathematics,

Government General Degree College,

Salboni, Paschim Mednipur - 721 516, West Bengal, India.
E-mail address: sunirmalkundu2009@rediffmail.com



	Introduction
	Mathematical background
	Main results
	Error estimation and rate of convergence
	Ulam-Hyers stablity
	Well-Posedness and Limit shadowing property

