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Abstract. In this paper, we present some fixed point results satisfying
generalized contractive condition with new auxiliary function in complete
metric spaces. More precisely, the structure of the paper is the following.
In the first section, we present some useful notions and results. The main
aim of second section is to establish some new fixed point results in
complete metric spaces. Finally, in the third section, we show the validity
and superiority of our main results by suitable example. Also, as an
application of our main result, some interesting corollaries have been
included, which make our concepts and results effective. Our main result
generalizes some well known existing results in the literature.

1 Introduction and preliminaries

The Banach contraction principle [10] is one of the revolutionary results of the
fixed point theory, and it plays an imperative role to solve existence problems
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in many branches of nonlinear analysis. Inspired from the impact of this natu-
ral idea to functional analysis, a number of researchers have been extended and
generalized this principle for different kinds of contractions in various spaces.

Let us denote:

Y, = {1b1 : [0,00) — [0,00) is a continuous and non-decreasing function
such that Pq(t) =0 if and only if t = 0.} (Altering distance function)

Y, = {; : [0,00) — [0,00) is a continuous function such that P,(0) > 0
and P, (t) > 0,t > 0.} (Ultra-altering distance function)

Y3 = {(p : [0,00) — [0,00) is a Lebesgue-integrable function, summable
on each compact subset of RT, non-negative, and such that for each ¢ > 0,
Jse(t)dt >0. }

In 2002, Branciari [3] introduced one of the genuine contraction, known as
integral type contraction, as an analogue of Banach contraction principle [10].

Theorem 1 [3] Let (E,d) be a complete metric space, k € (0,1), and A : E —
E is such that for each x,y € E

d(x,y)

o(t)dt < kj o(t)dt, (1)

d(Ax,Ay)
| 0

0
where @ € W3. Then A has a unique fized point of z € E.

Rhoades [5], in 2003, gave an extension of the result of Branciari [3] and proved
following theorems.

Theorem 2 [5] Let (E,d) be a complete metric space and A : E — E be a
mapping such that,

M(x,y)

o(t)dt < BJ o(t)dt,

d(Ax,Ay)
| 0

0

where

M(x,y) = max {d(x,y), d(x, Ax), d(y, Ay), d(x,Ay) + d(y,Ax)} @

2

forallx,y € E, B €1[0,1) and @ € ¥3. Then A has a unique fized point z € E.

Theorem 3 [5] Let us consider a complete metric space (E,d) and A:E — E
s a mapping such that,

N(x,y)

o(t)dt < rsj o(t)dt,

d(Ax,Ay)
| o

0
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where
N(X)y) = max{d(x,y), d(X) AX)) d(y) Ay)) d(X) Ay)) d(y) Ax)} (3)

for each x,y € E, B € [0,1) and @ € V3. Then there exist a unique fixed point
z € E such that Az = z.

In 2010, Babu and Alemayehu [7] proved following theorem in complete metric
spaces by using generalized ¢— weak contraction.

Theorem 4 [7] Let us consider a complete metric space (E,d) and A:E — E
is such that for all x,y € E it satisfies

d(Avay) S M(X)y) _d)(M(X)y)))

where

M(x,y) = max {d(x,y), d(x, Ax), d(y, Ay), 20 AY) + dly, Ax) } S

2

and ¢ : [0, +00) — [0, +00) such that ¢(t) =0 if and only if t = 0. Then there
s a unique fized point of A in E.

In 2011, Samet and Yazidi [6] gave an extension of the result of Dass and
Gupta [4] in the sense of Branciari integral type contraction, as follows

Theorem 5 [6] Let (E,d) be a complete metric space and A be a self-map of
E such that for each x,y € E,

M(x,y) d(xyy)

@(t)dt + BJ e(t)dt

d(Ax,Ay)
| o

o(t)dt < ocj

0 0

and

d (y,Ay) [T + d(x, Ax)]

MOV == g

where &, 3 > 0 are constants such that « + <1 and ¢ € V3.
Then A admits a unique fized point z € E such that for each z € B, A™x — z
as n — oo.

In 2011, Gupta and Mani [14] proved a common fixed point theorem for two
weakly compatible mappings using control functions 1{; and 1, satisfying a
contractive condition of integral type.
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Theorem 6 Let A and B be self compatible maps of a complete metric space
(E, d) satisfying the following conditions:

(i). A(E) C B(E)

d(Ax,Ay) d(Bx,By) d(Bx,By)
(i4). (L @(t)dt> <y (L @(t)dt> - (L @(t)dt>,

where Py € Wi, Py € Wy, € V3. Then there exist a unique common fixed
point of A and B in E.

In 2013, Gupta and Mani [16] proved another generalization of the result of
Branciari [3] using real valued function.

Theorem 7 [16] Let A be a self map on complete metric space (E,d) such
that for each x,y € E

m(x,y)

@(t)dtﬁv(d(x,y))J o(t)dt

d(Ax,Ay)
| o

0

and

d(x, Ax)d(y, Ay)
d(x,y)

where @ € Y3 and vy : RY — [0,1) is a function with

m(X7y)_maX{ ,d(x,y)},

limsupy (8) <1, V t>0.
50—t

Then A has a unique fixed point in E.

Some other results in complete metric spaces satisfying integral type contrac-
tions are mentioned in [8, 9, 11, 12, 13, 17, 18]

In 2014-15, Ansari [1] introduced the notion of C -class function as a major
generalization of Banach contraction principle. Currently this finding is one of
the most attractive research topics in fixed point theory. Some other special
cases of C-class functions can be found in [2]. Ansari [1] gave the following
definitions and examples.

Definition 1 [1] A mapping F: [0,00)?> — R is called C-class function if it is
continuous and satisfies following axioms:

1. F(ryt) <7 for all vyt € [0,00);
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2.

F(r,t) = r implies that either v =0 or t = 0,

Let us denote C the family of C-class functions.

Remark 1 Clearly, for some F we have F(0,0) = 0.

Example 1 [1] The following functions F : [0, 00

)2 = R are elements of C,

for all r;t € [0,00):

1.

2.

10.

11.

12.

13.

1.

15.

F(r,t)=1r—1t, F(r,t) =r=1t=0;
F(r,t) = mr, O<m<]1, F(r,t) =r=1r=0;

F(r,t) = ﬁ;he (0,00), F(yt) =71 =1r=00rt=0;

. F(r,t) =log(t+a")/(1+t),a>1, F(nt)=r=1r=0 ort=0;

F(r,t) =In(14+ad")/2, a>e, F(r,t) =1 = r=0;

Fir,t) = (r+ WP 1 1> 1,p € (0,00), F(r,t) =1 = t =0;
F(r,t) =rlogi a, a>1, F(nt)=r=>1=00rt=0;

Fir,t) =r— (3) (&), Fnt) =r=t=0;

F(r,t) =7B(r), B:[0,00) = [0,1), F(r,t) =r=1=0;

F(r,t) :T—%H,F(T‘,t) =r=t=0;

F(r,t) = r— @(r),F(r,t) = r = r = O,here ¢ : [0,00) — [0,00) is a
continuous function such that @(t) =0 & t=0;

F(r,t) = rh(r,t),F(r,t) =r = r = 0,here h: [0, 00) X [0,00) — [0, 0) is
a continuous function such that h(r,t) <1 for all t,;s > 0;

F(r,t) =1 — (%—ﬁ)t, Fr,t)=r=1t=0.

F(r,t) = ¢/In(1 + 1), F(r,t) =r=1r=0.

F(r,t) = &(r),F(r,t) =1 = 1 = 0,here ¢ : [0,00) — [0,00) is a upper
semi-continuous function such that $(0) =0, and d(t) <t fort >0,
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16. F(r,t) = ﬁ; s € (0,00), F(r,t) = r implies r = 0.

Remark 2 We assume that is F increasing with respect to the first variable
and decreasing with respect to the second variable.

The aim of this contribution is to investigate some fixed point results using
the concept of C -class function and control functions in the set up of complete
metric spaces satisfying a generalized weak contraction. Our result mainly
generalized the result of Rhoades [5] and Gupta and Mani [15].

2 Main result- fixed point results with auxiliary
functions

The main result of this paper is the following theorem.

Theorem 8 Let (E,d) be a complete metric space and A : E — E be a mapping
such that for each x,y € E,

d(Ax,Ay) M(x,y) M(x,y)
" J ot)at | <F (v J e(v)dt |, J ovdt | |,
0 0 0

(5)
where F is a C-class function, {1 € Wi,y € Yo, 0 € Y3 and

d(x, Ay) + d(y, Ax) } o ®)

M(X)U) ZmaX{d(X,U)»d(XaAX)»d(U)AU), >
Then A has a unique fixed point.

Proof. Let xy € E be an arbitrary point. Choose a point x; in E such that
X1 = Axg. In general, choose x,, 1 such that x,,1 = Axy forn=0,1,2---.
Suppose that x, # xn41 for each integer n > 1, then from (5)

Q1) Py ([0 o (v)at),
Py (JO (P(t)dt> <F lljz((‘lfg/l(xnl,m)(fp(tt);t)) ) (7)

where from (6),

d (Xn71 ) Xn) ) d (an1 ) Xn) ) d (Xn» Xn+1 ) )
M (Xn-1,Xn) =max At 1% 4 1)+ 0t xn)
2
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d (Xn—1, Xn+1)
2

:max{d (Xn,],Xn) ) d(xnyxn+1)}- (8)

~ max {d (Xt %) 5 d (X et )

If d(xnyXn+1) > d(xn_1,xn) for some n, then on combining equation (7) and
(8), we get

d(xn,Xn+1) Ui (J‘S(X“’X“H) (p(t)dt) ,
(| p(t)dt) <F . L
L ( 0 ) 11)2 (J‘g( nyXn41) (p(t)dt) ( )

Thus by definition of F € C, we get

d(Xnan+1 ) d(Xann+1 )
either J et)dt] =0 or U J et)dt | =0

0 0

From definition of {7 and 1, it is possible only if
d(xn »Xn+1 )
J e(t)dt =0.
0

This is a contradiction to our hypothesis . Thus d(xn,Xn11) < d(xn_1,%n),
this implies

d(xnaxn+1] d(xn—lsxn) d(xn—laxn)
" (j cp(t)dt) <F (M @(t)dt,unj @(t)dt>

0 0 0

d(Xn—] )XTI)
<y L o(t)dt

Since 17 is continuous and non-decreasing, therefore

d(Xann+1) d(Xn71 »Xn)
J ot)dt < j o(t)dt,
0 0

thus féd(xn’x‘”‘) e(t) dt} is monotone decreasing and lower bounded sequence.
Therefore there exist r > 0 such that

d(xnyXn41)
lim J e(t)dt = . (10)
n—oo 0



104 V. Gupta, A. H. Ansari, N. Mani

Suppose that r > 0. Taking limit as n — oo on both sides of eq. (9) and using
eq. (10), we get

Pi(r) < Fr(r),da(r),
implies from definition of F € C that
either P1(r) =0 or VP(r) =0.

Consequently, by definition of {1 and 1V, we get r = 0.
Hence from eq. (10), we obtain

d(Xn,Xn+])
lim J e(t)dt =0, (11)
n—oo 0
implies
lim d(xn,Xne1) =0. (12)
n—oo

Next we prove that {x,} is a Cauchy sequence. Suppose it is not. Therefore
for an € > 0, there exists two sub-sequences {xm(p)} and {xn(p)} of {xn} with
m(p) < n(p) < m(p + 1) such that

d (Xmip)s Xn(p)) = € d (Xm(p)» Xn(p)-1) < € (13)

Consider

€ d(Xm(p)¥nip))
un (L cp(t)dt> <P L (bt

Py (IQA Comtpr-15%nipr-1) cp(t)dt) ,
) (I(’)Vl(xm(p)hxnwm) (p(t)dt)

<F

Using (6)

d (Xm(p)—1> Xn(p)-1) » & (Xmp)—1> Xm(p)) »
M (Xm(p)fhxn(p)fﬂ = max d (Xn(P)*bXn(P)) ’
d(xm(P)*]’XH(P));d(Xn(P)*1?Xm(p)

- { d (xm(p)-1 Xn(p)1) » & (¥mip) 1) Xmip) » }
- )
d (Xn(p)fhxn(p)) yz(m,n)
(15)
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where,

d<X()71)n )+d<x()71)m )
2(m,mn) = mP)=Txn(p) ; Up)=1Xm(p) . (16)

A Xm(p)—1,x
’ n[P)*1> (p(t)dt, J‘O (X p)—T, m(PJ) (p(t)dt,

A Xn(p)—1,x

Jo

Using (13) and triangle inequality, we get

" g (t)dt, 2™ g(t)dt

d (Xm(p)—1> Xn(p)-1) < A (Xmp)—1> Xm(p)) + & (m(p)» Xn(p)—1)
< d (Xim(p)—1) Xmip)) T €.

Therefore,

Also,

d (Xmp)—1, Xnp)) + d (Xnp)—1) Xmip)

2
_ A 0tmp)1y Xmip)) +2d (Xmip)y Xnip)1) + 4 (nip)1 Xnip))
= 2
< 4 mip)1 Xmip) +d (nip)-1, Xn(p)
= 2

z(m,n) =

+ €.

Taking limit as p — oo and using (12), we get

z(m,n) €
lim J e(t)dt < J e(t)dt (19)
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Taking limit as p — oo in equality (14) and using equations (15), (16), (17),
(18) and (19) all together in (14), we get

" (J cp(t)dt) <F (un (J cp(t)dt> b (J @(t)dt)) .
0 0 0

Again from definition of F € C we get,

either 1 <r (p(t)dt> =0 or (Je (p(t)dt) =0.
0 0

It is possible only if, fg @(t)dt = 0. This is a contradiction to our hypothesis.
Therefore {x,} is a Cauchy sequence, call the limit « such that
lim Axp_1 = «. (20)
n—oo
Next we claim that « is the fixed point of map A.

That is Ax = «, suppose it is not. Then d(A«x, o) > 0.
Let 6 = d(Ax, «).

Consider,
5 d(Ao,x)
Py (L @(t)dt) “w (] et
b (01 g(t)at),
st Miatn) ) (21)
b (131 g(t)at)
where,
d(o,xn), d(o, A, d(xn, Xnet)
M((X)Xn) :max{ ’ nd’(oc,xn+’1)+d(;<n,AocT)H D . (22)
2
Since,
lim d(e,xn) = lim d(xn,Xny1) = lim d(e, xn1) =0. (23)
n—oo n—oo n—oo

Taking limp_,o in (21) and by using (20), (22), (23), we get

max{d(oc)Aoc),M

5 Py (fo ’

}cp(t)dt ,
tln( cp(t)dt> <F o
L ) (fmax{dww’ ’ }m(t)dt>

0
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cofo (s o o)

(24)
Thus we obtain,
1 5
either (J (p(t)dt) =0 or VP, <J (p(t)dt) =0
0 0

that is fg @(t)dt =0. Hence § =0 .

This implies d(Aa, &) = 0. Therefore « is the fixed point of map A. Uniqueness
of the fixed point can be easily obtain by using above inequality (21), (22),
(24). This proves the main result. O

3 Applications and example

Next we give several corollaries, as a application of our main result, in the
underlying spaces. Some of them are novel in literature

If we take \P1(t) =t in Theorem 8, we get a new result.

Corollary 1 Let (E,d) be a complete metric space and A : E — E be a map-
ping such that for each x,y € E,

d(Ax,Ay) M(x,y) M(x,y)
| emac<r (j o (t)dt, ¥ (J @(t)dt>>
0 0 0

for each x,y € E, where M(x,y) is given in (6), F is a C-class function,
P Wy 0 eYs.
Then A has a unique fixed point.

If we take F(r,t) = ﬁ and assume s = 1 in Theorem 8, we find a very

interesting novel result.

Corollary 2 Let (E,d) be a complete metric space and A : E — E be a map-
ping such that for each x,y € E,

d(Ax,Ay) Py (Y p(t)dt
Py O <p(t)dt> < s T ) ,
0 1+, (jo Y (p(t)dt)

where M(x,y) is given in (6), P € Wi, € Vo, ¢ € V3.
Then A has a unique fixed point.
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If we take F(r,t) = Ar for 0 < A < 1 and in Theorem 8, then we have following
corollary.

Corollary 3 Let (E,d) be a complete metric space and A : E — E be a map-
ping such that for each x,y € E,

d(Ax,Ay) M(x,y)
Py J e(t)dt | <Ay J e(t)dt |,
0 0

where M(x,y) is given in (6), {1 € Wi, @ € V3.
Then A has a unique fixed point.

If we assume that 1 (t) = t in Corollary 3 then we obtain the result of Rhoades
[5] (see Theorem 2 of [5]).

Corollary 4 Let (E,d) be a complete metric space and A : E — E be a map-
ping such that for each x,y € E,

M(x,y)

@(t)dtng o(t)dt,

d(Ax,Ay)
| o

0

where M(x,y) is given in (6), @ € V3.
Then A has a unique fixed point.

If we take F(r,t) = r —t in Theorem 8, then we obtain the result of Gupta
and Mani [15].

Corollary 5 Let (E,d) be a complete metric space and A : E — E be a map-
ping such that for each x,y € E,

d(Ax,Ay) M(x,y) M(x,y)
" J ot)dt | < v j o(t)dt | — J o(t)dt
0 0 0

where M(x,y) is given in (6), {1 € Wi, € ¥, @ € V3.
Then A has a unique fixed point.

Remark 3 [t should be noted that in [15], authors have considered an extra
condition on . But from above corollaries it is clear that we can deduce the
same result without that extra assumption. Also, the result obtained in [5] and
[15] are an element of C - class function as shown in Corollary 4 and Corollary
5. So the main result of this paper is more generalized than the other previously
proved results.
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Now, we gave a non trivial example to justify the importance of our result.

Example 2 Let E =N —{oo} and d is usual metric on E. Define a self maps
A on E such that

Ax=-, V x€E.

W[ R

Define a function F: [0,00)* = R as

2
F(r,t)=mr, V O<m:§<1.

Then clearly, F is a C-class function.
Let us define 1, @ : [0,+00) — [0,+00) as

b=t et)=3, V tel+o)

then for each € > 0, clearly

€ €2

J e(t)dt=— > 0.
0 4

If x =y for all x,y € E, then result holds trivially.

So suppose that x #y for all x,y € E.

Since d s usual metric for all x,y € E, then on careful calculation, we get

x —yl?

L.H.S. =
5 36

and
x—yl?
3 b
Then clearly, L.H.S < R.H.S for all x,y € E and, hence all conditions of

Theorem 8 are verified.
Clearly 0 € E is the unique fized point of A.

R.HS. =
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