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Abstract. The purpose of this paper is to construct a common fixed point theorem for pair of quasi triangular a--orbital
admissible with an interpolative (¢, ¥)- Banach-Kannan-Chatterjea type Z-contraction mappings with reference to simulation
function in complete metric space. We adopt an example to validate our main result. Our result extends the result of M. S.
Khan et al. [15]. As an application, we provide the existence of a solution for a nonlinear Fredholm integral equations.
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1. Introduction

The Banach contraction principle is pivotal tools in fixed point theory. Many inventors expanded and
generalized the Banach contraction principle to many orientations [3, 5, 24, 27, 28]. Samet et al. [25] found the
conception of o — 1) contraction type mapping and take advantage of their new concept to established and found
several fixed point theorems. Several inventors used the concept of a-admissible mapping to established new
results in many spaces [10, 21, 22, 26, 30]. In 2014, Popescu [20] found the two new concept «-orbital
admissible and triangular a-orbital admissible and gave the result each a-admissible mapping is an «-orbital
admissible mapping and each triangular a-admissible mapping is an triangular a-orbital admissible mapping.
Many inventors gave the fixed point and common fixed point result for «-orbital admissible mapping
[1,7,9, 18, 19]. In 2015, Khojasteh et al.[17] found the notion of simulation function. In the same year, Argoubi
et al. [6] clarified the conception of simulation function. Many inventors found the fixed point and common
fixed point result for simulation function in discrete spaces [2, 4, 11, 12, 14, 23, 29].
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2. Preliminaries

We recall some useful definitions that will be needed in the sequel.

Definition 2.1. [25] Let Q : Y — Y be a mapping and o : Y x'Y — [0,00) be a function. Then Q is
a-admissible if a(u,v) > 1 implies a(Qu, Qu) > 1.

Definition 2.2. [13] Let Q : Y — Y be a functionand a1 Y XY — [0, 00) be a function. Then Q is said to be
triangular a-admissible if Q) fulfills the following conditions:

1. Q is a-admissible,
2. ifa(u,w) > 1and a(w,v) > 1 implies a(u,v) > 1.
Qawagneh et al. [22] introduced the notion of triangular c-admissible for set of self mappings on Y.

Definition 2.3. [22] Let H,Q : Y — Y be two mappings and « : Y X Y — [0, 00) be a function such that the
following conditions hold:

1. if a(u,v) > 1 then a(Hu,Qv) > 1 and a(QHu, HQu) > 1;
2. ifa(u,w) > 1and a(w,v) > 1 implies a(u,v) > 1.
Then we say that the pair (H, Q) is triangular a-admissible.

Definition 2.4. [20] Let Q : Y — Y be a mapping and o : Y XY — [0, 00) be a function. Then Q is said to be
a-orbital admissible if a(u, Qu) > 1 implies a(Qu, Qu) > 1.

Definition 2.5. [20] Let Q : Y — Y be a mapping and o : Y XY — [0, 00) be a function. Then Q) is said to be
triangular a-orbital admissible if Q) satisfies the following conditions:

1. if Q is a-orbital admissible,
2. ifa(u,v) > 1 and a(v,Qu) > 1 implies a(u, Qv) > 1.

Definition 2.6. [19] Let H,Q : Y — Y be two mappings and a5 : Y x Y — [0, 00) be a function such that the
following condition hold:

1. if as(u, Qu) > s? and as(u, Hu) > s then as(Qu, HQu) > 52 and as(Hu, QHu) > s2.
Then the set (H, Q) is as-orbital admissible.

Definition 2.7. [19] Let H,Q : Y — Y be two mappings and a5 : Y X Y — [0, 00) be a function such that the
following conditions hold:

1. the self mappings H, Q are as-orbital admissible,

2. if as(u,v) > 82, ag(v, Hv) > s% and as(v, Qu) > s implies as(u, Hv) > s% and as(u, Qu) > s2.
Then the set (H, Q) is triangular as-orbital admissible.

M. S. Khan et al. [15] introduced the concept of quasi triangular a-orbital admissible mappings as follows:

Definition 2.8. [15] Let Q : Y — Y be a mapping and o : Y XY — [0, 00) be a function. Then Q is said to be
quasi triangular a-orbital admissible if Q) satisfies the following conditions:

1. if Q is a-orbital admissible,

2. if a(u,v) > 1 implies a(u, Qu) > 1.
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Definition 2.9. [17] A mapping ¢ : [0,00) x [0,00) — R is called a simulation function, if it fulfils the following
conditions:

1. ¢(0,0) =0;
2. ¢(v,u) < u—wvforallu,v >0;

3. if {vn}, {un} are sequences in (0,00) such that lim, ,iovy, = lim,,icou, > 0, then
limy, 400 sUp (Vp, p) < 0.

The set of all simulation functions is denoted by Z.

Definition 2.10. [17] Let (Y, d) be a metric space and Q : Y — Y be mapping. if there exists ( € Z such that

¢(d(Qu, Qu), d(u,v)) = 0.
forallu,v € Y. Then Q is called Z-contraction with respect to .

Definition 2.11. [16] A continuous function ¢ : [0,00) — [0,00) is called an altering distance if it is non-
decreasing and p(1) = 0 if and only if 1 = 0.

Definition 2.12. [8] A function ¢ : [0,00) — [0,00) is called comparison function if it is monotonically
increasing and Y™ (1) — 0 asn — oo forall I > 0.

M. S. Khan et al.[15] gave (p,)-type Z-contraction with respect to simulation function ¢ using an
interpolative (¢, 1) approach in the setting of metric spaces as follows:

Definition 2.13. [15] A mapping Q : Y — Y is called an interpolative (i, 1)-Banach-Kannan-Chatterjea type
Z-contraction with respect to ( if there exists « : Y XY - R, (€ Z,p € ®,¢p € U, 0,05 € (0,1) such that
o(t) > (t), fort > 0,1 > 0and 6, + 02 < 1 fulfilling the inequality

((a(u, v)@(d(Qu, Qu)),(B(u,v))) 20 forallu, veY,

where
Blu,v) = [d(w,0)]° [ (d(u, Qu) + dlv, Q). [3 (dlur, Qo) + d(o, Qu))]'~"

In this paper, we construct a common fixed point theorem for set of quasi triangular «-orbital admissible
mappings which form an interpolative (¢, )-Banach-Kannan-Chatterjea type Z-contraction with reference to
simulation function in complete metric space.

3. Main Result

In this section, we introduced the conception of quasi triangular c-orbital admissible mapping for set of self
mappings H and Q on Y and discuss (i, 1)-type Z-contraction with reference to simulation function.

Definition 3.1. Ler H,Q : Y — Y be two mappings and o : Y x'Y — [0,00) be a function such that the
following conditions hold.

1. ifa(u,Qu) > 1 and a(u, Hu) > 1 then a(Qu, HQu) > 1 and a(Hu, QHu) > 1;
2. ifa(u,v) > 1implies a(u, Qu) > 1 and a(u, Hv) > 1.

Then the pair (H, Q) is called quasi triangular a-orbital admissible.
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In the following example shows that the mapping (H, Q) is quasi triangular «-orbital admissible but it is not
a triangular -admissible.

Example 3.2. Ler Y = {0,1, 2} with usual metric d(u,v) = |[u —v|. Let H : Y - Y, Q :Y — Y and
a:Y xY — R be mappings defined by

(012 /(012 (1, if(uv) € A,
HY_(lOO)’QY_<1OQ)’a(u’U>_{O,otherwise

where, A = {(0,0),(0,1),(1,0),(1,1),(1,2)}. Since (0,1),(1,0) € A, then we have

a(0,Q0) = a(Q0, HQO) = a(1,0) = 1, (0, HO) = a(HO0, QHO0) = (1,0) = 1 and

a(l,Q1) = a(Q1l,HQL) = «(0,1) = 1, a(1, H1) = a(H1,QH1) = (0,1) = 1. Then (H, Q) is c-orbital
admissible mappings. Further, we have

a(0,1) = a(0,Q1) = a(0,0) = 1 and «(0,1) = (0, H1) = (0,0) = 1,
a(1,0) = a(1,Q0) = a(1,1) = 1 and (1,0) = (1, HO) = (1,1) =1
a(l,2) =a(1,Q2) = a(1,2) = 1and o(1,2) = (1, H2) = a(1,0) =1
Hence, (H,Q) is quasi triangular «-orbital admissible mappings.  Since a(u,v) = «(1,2) = 1,
av,Quv) = «a(2,Q2) = «2,2) = 0 and a(v,Hv) = «2,H2) = «2,00) = 0 but

a(l,2) = a(1,Q2) = a(1,2) = 1 and a(1,2) = a(1,H2) = «(1,0) = 1. This shows that the condition
a(v,Qu) and o(v, Hv) for triangular a-orbital admissible are not necessity for quasi triangular «-orbital
admissible. On the other hand, we have «(1,2) = 1,a(H1,Q2) = «a(0,2) = 0 and
a(QH1,HQ2) = «(1,0) = 1 as (0,2)3Y, so (H,Q) is not a-admissible mapping. Further, we have
a(0,1) = a(1,2) = 1, but a(0,2) = 0, so (H, Q) is not triangular a-admissible mapping.

Lemma 3.3. Let H,Q) : Y — Y be two mappings and o : Y X Y — [0,00) such that the set (H, Q) is quasi
triangular a-orbital admissible. Assume that there exists ug € Y in this manner a(ug, Hug) > 1. Define a
sequence {uy} in'Y by Hus,, = ugpi1 and Quapi1 = Uopto. Then au,,um) > 1 for all m,n € NU {0}
with n < m.

Proof. Since a(ug, Hup) = a(ug,u1) > 1 and H, ) are «-orbital admissible self mappings,

a(ug, Hug) > 1 implies
a(Hug, QHug) = a(ur, Quy) = a(ug,uz) >1
and o(uy,Qui) > 1 implies
a(Quy, HQuy) = a(ug, Hus) = a(ug,uz) > 1
also a(ug, Hus) > 1 implies
a(Hus, QHug) = «

(VAR

(uz, Quz) = a(uz,us) > 1

Applying the above argument repeatedly, we obtain a(tuy,, u,+1) > 1 for all n € NU {0}. Since (H, Q) is quasi
triangular -orbital admissible mapping and a(uy,, un41) > 1 foralln € NU {0}, then we get a(up, Qupt1) =
o(Up, Upyo) > 1and a(tun, Hupt1) = a(tn, unt2) > 1. By continuing the process, we get that ety , tm,) > 1
forall m,n € NU {0} with n < m.

Definition 3.4. The mappings H,Q : Y — Y are called an interpolative (¢, 1))-Banach-Kannan-Chatterjea
type Z-contraction with respect to  if there exists o : Y XY - R, € Z,p € ®,0p € U, 61,02,05 € (0,1) in
this manner o(t) > ¥(t), for t > 0,1 > 0 and 61 + 02 + 03 < 1 fulfilling the inequality

((a(u, v)p(d(Hu, Qu)), P (B(u,v))) 2 0 forallu,v €Y,

i
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where

B(u,) = [d(u, ) [ (d(u, Hu) + d(o, Qo))" [5(dlw, Qo) + d(v, Qu))]*

[%(d(u, Hv) + d(v, Hu))]'~0 0205

Now, we state and prove our main results as follows:

Theorem 3.5. Let H and Q be self mappings on a metric space (Y, d) which is complete. Suppose that (H, Q)
is a quasi triangular a-orbital admissible and forms an interpolative (p,)-Banach-Kannan-Chatterjea type
Z-contraction with respect to (. If there exists ug € Y such that a(ug, Hug) > 1 and H and Q are continuous,
then the mappings H and Q) have a unique common fixed point.

Proof. Let ug € Y be such that o(ug, Hug) > 1. Define a sequence {uy,} in Y such that us,; = Husg, and
Ugnt2 = Quant1 for alln € N. If u,, = uy,41 for some ng € N, then it is very easy to show that H and @
have a common fixed point. Hereof, uniquitously the proof we shall assume that u,, # u,+1 and hence we have
d(tp,un4+1) > 0 for all n € N. Now, since the pair (H, Q) is c-orbital admissible, then

> 1 implies

(u1,Qu1) = a(ui,uz) > 1

a(ug, Hug) > 1

)=«

and a(uy,Quy) > 1 implies

a(Quy, HQuq) = a(ug, Hus) = a(ug,ug) > 1
)>1
)=«

also a(ug, Hus) > 1 implies

a(Hug, QHus

(us, Quz) = a(uz, ug) > 1

Applying the above argument repeatedly, we get o(uy,, un11) > 1 foralln € NU{0}. By the definition of quasi
triangular -admissibility, we can find that for any n, m € N with m > n, we have a(uy,, uy,) > 1.

Suppose ug,, # U1 for all m € N, by Lemma 3.3, we have a(uay,, tan4+1) > 1, for all n € N. From (3.1),
we obtain

0< C(a(u2n7u2n+1)(p(d(Hu2n7 Qu2n+1))7’(/}(B(u2n7u2n+l)))

= C(a(uzm U2n+1)90(d(uzn+1, U2n+2)), 7/)(B(U2m U2n+1))) (3.2)

< P(B(uzn, U2n+1)) — &(U2n, Uan+1)P(d(U2nt1, Unt2))

where
0, 11 9, 11
B(uzn, uzn+1) = [d(uzn, uzn+1)] ~[§(d(u2mHU2n) + d(uzn 11, Quany1))] -[i(d(uzn,Quan)
1
+ d(uznt1, Quan))]” -[§(d(u2n, Hugpi1) + d(uzni1, Hugy )~ %%
1
= [d(uzn, u2n+1)]61~[§(d(u2n7 Ugn+1) + d(Uznt1, U2n+2))]62
1
'[§(d(u2nau2n+2)]1701702 (3.3)
S
Vo
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Consequently, we arrive
o(d(ugnt1, uznt2)) < a(Uzn, u2n41)P(d(Uzni1, U2nt2))
B(uzp, uzn41))

W(
= ¢ ([d(ugn, ugnt1))™ -[%(d(uzn, Uant1) + d(tgni1, uznt2))]) .

[%(d(u%u Uugn o))t %)

A

< 0z w2 )1 5 (@0 vnsr) + iz w2 GA)
Suppose d(uap,, Uant+1) < d(Ugnt1, U2n42), for n > 1, then from (3.4), we obtain
P(d(uznt1, uzn+2)) < Y(d(uznt, uzntz)) < @(d(uznt1, uzni2)).
This is a contradiction. Accordingly, we obtain
d(uant1, Uant2) < d(ugn, uant1), foralln > 1.

Identically, we can show that d(usp,, Usnt1) < d(Uan—1, U2, ). So, we conclude that d(w,, tn11) < d(Up—1, Uy)-
Hence d(u,, u,+1) is a monotonic decreasing sequence of positive real numbers. So, there exists [ > 0 such that
limy, s+ o0 d(Up, Uns1) = 1. Now, we show that [ = 0. We claim that [ > 0. Now, we have

0 < ¢(tn-1,un)@(A(tn, tn41)), O(Bltn-1,un)) )
< ’ll)(B(un,h un)) - a(unfla un)@(d(unv Un+1))~ (35)
Consequently, we obtain
(Un—15Un)P(d(Un, Unt1)) < Y(B(Uup—1,un))

<«
S @(B<un71a un))
< o(d(un—1,un)) (3.6)

@(d(tn, Unt1)

Letting limit as n — +o0 in (3.6), we get
limn—>+ooa(un—17 U7L)<P(d(un7 un+1)) = limn—>+oo¢(B(un—l7 un)) = (P(l) (37)

Setting s, = a(Un—1,Un)P(d(Un,Uns1)), tn = Y(B(up—1,uy)) in (3.5), then by definition of simulation
function

0 < 1imn—s oo supC(Q(Un—1, Un ) P(d(Un, Unt1)), Y(B(Un-1,un))) < 0.

Which is a contradiction and thus we have lim,,—, oo d(tp,, unt+1) = 0. Now, we show that {u, } is a Cauchy
sequence. Suppose not, there exists ¢ > 0 for which we can find two sequences my and ng, for all £k > 1 with
U, > Un, > k such that d(u,, , U, ) > €. Further, we assume that my, is the smallest number greater than ny,
then d(un,,, Um,_,) < €.

By triangular inequality, we get

€< d(unk7umk) < d(unk’umk—l) + d(umk—l’u"lk) <e+t d(umk—l’umk)'

Taking limit as k — +o00, we obtain

kli)rfoo A(Un,, U, ) = €. (3.8)
S
)
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Again by triangular inequality, we obtain
d(unk ’ umk) S d(unk ) unk+1 ) + d(unk+1 9 umk+1 ) + d(umk+1 9 umk )

Also we obtain
d(unk+17umk+1) < d(unk+17unk) + d(tUn,, s U, ) + d(“mmumk+1)‘

By using the above two inequalities and taking limit as k — +o0o with (3.8), we get

kgr—i{loo A(Unyy s Umyy,) = € (3.9)

Furthermore, we obtain
d(unk s umk) < d(unk , u7lk+1) =+ d(u"k+1 ’ umk) < d(unk ) umk) + Qd(Umk ’ Ukarl)'
Taking limit as k — +o00, we obtain

lm  d(tn,,,,Unm,) = € (3.10)

k—+o00

Similarly, we get
d(unk ) umk) S d(unk ) umk+1) + d(umk+1 ’ umk) S d(unk ) Umk) + Qd(umk ) umk+1)'
Taking limit as k — 400, we get

lim  d(un,, Um, ) = € (3.11)

k——+oo

Since (H, Q) is quasi triangular o-orbital admissible, by lemma 3.3, we get B(uy, , tm, ) > 1, for all numbers
my, ng such that my > ny, where k£ > 1. From (3.1), we get

0 < ¢ttty (A Htn, Qusn, ), (Bt 0, )

= (@t (A ) (Bt )
< w(B(unk ’ umk)) - a(unk ’ umk)@(d(unk+1 » U g )

Consequently,

(unk y Umy, )@(d(unkH ’ umk+1)

@(d(u’fbk+1’u7nk+1) S «
S w(B(unk ’ umk)) < C)O(B(unk ) umk))a

where

Bt ) = [t )2 5 (Ut Ftn, )+ At Qun DI 15, Q)

1 0 —0s—
+ d(umk ’ Qunk))}ag[i(d(unk ’ Humk) + d(u’mk ’ Hunk))]l fr=02-0s
Taking limit as & — 400 together with (3.8), (3.9), (3.10) and (3.11), we get
0<p(e) <p(0)=0= p(e) =0if and only if ¢ = 0.

Which is a contradiction and hence {u,} is a Cauchy sequence in Y. Since Y is complete, there exists
w € Y such that lim,_..u, = w. Since H and ( are continuous, we find that
Hw = lim, 00 Huy = limy, 00 Upy1 = w and Quw = lim,, 00 Qu,, = limy, o0 41 = w. Therefore w is

e
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the common fixed point of H and Q.

To demonstrate the uniqueness of the common fixed point, we suppose that w* is another common fixed point
of H and @ and a(w, w*) > 1. Assume that w # w*. From (3.1), we get

AVARAVARIVANLY,
o o o o

Which is contradiction and therefore the mappings H and ) have a unique common fixed point.
Remark 3.6. For H = Q) in Theorem 3.5, we get the following result of M. S. Khan et al.[15]

Corollary 3.7. Let Q be a self mapping on a metric space (Y,d) which is complete. Suppose that Q is
quasi triangular «-orbital admissible and forms an interpolative (p,1))-Banach-Kannan-Chatterjea type Z-
contraction with respect to (. If there exists ug € Y such that a(ug, Qug) > 1 and Q is continuous, then @ has
a unique fixed point.

Remark 3.8. Setting ((u,v) = ¢ (v) — ufor all u,v > 0 in Theorem 3.5, we get the following result.

Corollary 3.9. Let H,Q) : Y — Y be self mappings on a metric space (Y, d) which is complete. If there exists
a:YXY 5 R pe® eV 6,0, 05 € (0,1) such that o(t) > (t), fort > 0,4 > 0and 61+ 03+ 03 < 1
satisfying the inequality

au, v)p(d(Hu, Qu)) < (B(u,v)) forallu,veY.

If there exists ug € Y such that a(ug, Hug) > 1 and H and Q are continuous. Then the mappings H and Q
have a unique common fixed point.

Remark 3.10. By letting a(u,v) = 1 for all u,v € Y and ¢ = Iy in Corollary 3.9, we find the following result.

Corollary 3.11. Let H,Q : Y — Y be self mappings on a metric space (Y, d) which is complete. If there exists
Y €W, 01,05,05 € (0,1) such that 01 + 5 + 03 < 1 satisfying the inequality

d(Hu, Qv) < ¢¥(B(u,v)) forallu,veY.
Then the mappings H and Q) have a unique common fixed point.

Now, we illustrate an example to validate our main Theorem 3.5.

Example 3.12. Let Y = (—1,1]and d : Y x Y — R defined by d(u,v) = |u — v|. Define the mappings
H,Q:Y —=Yby

_ [ 5. ifue(-1,0) [ ifue(~1,0)
HY_{E,U”ue[OJ] ’QY_{é,ifue[O,l].

Also, we define the function a1 Y XY — [0, 00) by

1, ifu,v € [0,1]
0, otherwise.

a(u,v) = {
Taking ¢(u,v) = ¥ (v) — u, for all u,v > 0 in Theorem 3.5, we get

a(u, v)p(d(Hu, Qu)) < ¢(B(u,v)),

3
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forallu,v € Y. Let p(t) = t, ¥(t) = kt, where k = 1.0, = 1.0, = 1,05 = L then p(t) > 1(t). Since
V3 2 1 6
0 < wu,v <1, then we get
0<|u—v|<1=0<|u—v|? <1,
1 1 7
0< 3llu—Hul + v~ Qu]l = [(3) (4u+3v)]* < (5)%,

1 2
~(13u—v|+[3v —u|)]F < ()5 and
6 3
1
8

0.< 5llu—Qul+Jv—Qu] =]

1
and 0 < Zfju—Ho| + |v ~ Hu] = | (19u — v| + |90 — u|)] 7z < (g)rlz.

—_

By simple calculation for all u,v € Y, we obtain

(o, 0)p(d(Hu, Qu) = alu, )| Hu — Qul = 5l —30] = LJu— 30

= v () (o + 30)] L5 (130 — o] + 130 — w])]F.

B
o:\'—*

Therefore the set (H, Q) is an interpolative (p, 1))-Banach-Kannan-Chatterjea type Z-contraction with reference
to C. If {un} is a sequence in' Y such that o(un,uny1) > 1 foralln € N, then {u,} C [0,1] foralln € N.
Since ([0, 1], d) is a complete metric space, then the sequence {u,, } converges to win [0,1] CY. If a(u,v) > 1,
then u,v € [0,1]. So, Hu,Qu,QHu, HQu € [0,1]. Therefore, a(u,Qu) = 1 and a(u, Hu) = 1 then
a(Qu, HQu) = 1 and a(Hu, QHu) = 1. Also if a(u,v) = 1 implies a(u, Qv) = 1 and «(u, Hv) = 1. This
implies that the pair (H, Q) is a quasi triangular a-orbital admissible in'Y'.

Let {u,} C [0,1] for all n € N. This implies that

1
nh_}rrgo Hu, = nh_}rr;o §u” = §u = Hu,
and 1
lim Qu, = lim -u, = fu = Qu,
n—oo n—oo 3

This implies that the mappings H and Q) are continuous. Thus, all supposition of Theorem 3.5 are fulfilled.
Hence H and Q have a unique common fixed point v = 0.

In the following theorem, we put back the continuity of H and () with the notion of a-regularity.

Theorem 3.13. Let H and Q be self mappings on a metric space (Y, d) which is complete. Suppose that (H, Q)
is a quasi triangular a-orbital admissible and forms an interpolative (o, )-Banach-Kannan-Chatterjea type
Z-contraction with respect to (. If there exists ug € Y such that o(ug, Hug) > 1 and {uy,} inY is a-regular,
then the mappings H and Q) have a unique common fixed point.

Proof. Let ug € Y be such that o(ug, Hug) > 1. Define a sequence {uy,} in Y such that us,; = Husg, and
Ugnt+2 = Quan4q for all n € N. Since the pair (H, Q) is a-orbital admissible, we find that o (uw,, wpy1) > 1,
for all n € N. We suppose that w,, # u,11 and hence we have d(u,,, u,+1) > 0 for all n € N. By repeating the
process as in the proof of Theorem 3.5, we derived that {u,, } converges to w. Since {u, } in Y is a-regular, then
there exists a subsequence u,, of {u, } such that a(u,,,w) > 1, for each k € NU {0}. From (3.1), we get

C( (u2nk7 ) (d(Hu27lk ) QU})), '(/}(B(Uanaw)) >0
C(OZ(Uznk ) )‘p(d(u27lk+1 ) Q’LU)), d)(B(’Uan ) w)) >0
w(B(U‘mk ’ w)) - Ol(Uan ’ w)¢(d<u2nk+l ) QU}) >0

e
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Consequently, we arrive

@(d(u?mwﬂ ’ QU}) < O‘(u?nk ’ w)‘ﬂ(d(u?mwﬂ s Q’LU)) < w(B(uan 5 w)) < @(B(UQHIC s w))

where

—_
—_

B(u2nk~ ) ’LU) = [d(UQTLk ) w)]91 '[7 (d(UQTLk ) Hu2"k) + d(w7 Qw))}(92 [

2

+ d(w, Quan, )] [

= [tz )} 5 (g ) + 0, Qu)) P[5 (i, Qu)

1
+ d(wa u2nk+1))]03’[§(d(u2nk ’ HU)) + d(wv u2nk+1))]1701792793

(d(u2”k’ Qw)

N |

(d(Uan 3 H’LU) + d(w, Hu2nk))]1791*92*93

Taking k — +o00, we get ¢(d(w, Qw)) = 0 which implies d(w, Qw) = 0. This shows that w is a fixed point of
Q. Similarly, we can show that (Hw, w) = 0. Hence the mappings H and ) have a common fixed point.

To demonstrate the uniqueness of the common fixed point, we suppose that w* is another common fixed point
of H and @ and o(w, w*) > 1. Assume that w # w*. From (3.1), we get

C(a(w, w*)p(d(Hw, Qu*)), (B(w,w"))) >0
C(a(w, w)p(d(w, w")), p(B(w,w"))) = 0
Y(B(w,w")) — a(w,w")p(d(w,w")) =0
—a(w, w*)p(d(w,w*)) > 0.

which is contradiction and hence the mappings H and ) have a unique common fixed point.
Remark 3.14. For H = Q in Theorem 3.13, we get Theorem 2.2 of M. S. Khan et al. [15]

Corollary 3.15. Let Q be a self mapping on a metric space (Y,d) which is complete. Suppose that Q is
quasi triangular «-orbital admissible and forms an interpolative (p,1))-Banach-Kannan-Chatterjea type Z-
contraction with respect to C. If there exists ug € Y such that a(ug, Quo) > 1 and {u,} in'Y is a-regular, then
Q has a unique fixed point in Y .

Remark 3.16. Setting ((u,v) = ¢(v) — u for all u,v > 0 in Theorem 3.13, we get the following result.

Corollary 3.17. Let H,Q : Y — Y be self mappings on a metric space (Y, d) which is complete. If there exists
a: Y XY >R, ® €W, 0,05,03 € (0,1) suchthat o(t) > (t), fort > 0,9 > 0and 61+ 63+ 65 < 1
satisfying the inequality

a(u,v)p(d(Hu, Qv)) < (B(u,v)) forallu,v €Y.

If there exists ug € Y such that a(ug, Hug) > 1 and {u,} inY is a-regular. Then the mappings H and Q) have
a unique common fixed point.

Remark 3.18. By letting a(u,v) = 1 forall u,v € Y and ¢ = Iy in Corollary 3.17, we get the following result.

Corollary 3.19. Let H,QQ : Y — Y be two self mappings on a complete metric space. If there exists 1) €
U, 01,05,05 € (0,1) such that 01 + 02 + 05 < 1, fort > 0,4 > 0 satisfying the inequality

d(Hu, Qu) < (B(u,v)) forallu,veY.

Then the mappings H and Q) have a unique common fixed point.
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4. Application

We apply our outcome to find an existence theorem for Fredholm integral equations. Let Y = CJa, b] be
a set of all real continuous functions on [a, b] equipped with metric d(e, j) = max;c(qple(t) — j(t)| for all
e,j € Cla,b]. Then (Y, d) is a complete metric space.
Now, we consider Fredholm integral equations

b
u(t) = h(t) +/ K(t,s,u(s))ds 4.1

b
v(t) = h(t) +/ K(t,s,v(s))ds 4.2)
where ¢, s € [a,b]. Assume that K : [a,b] x [a,b] x Y — Rand h : [a,b] — R continuous.

Theorem 4.1. Let (Y, d) be a metric space equipped with metric d(e, j) = mazc(qp)|e(t)—j(t)|foralle,j € Y
and H,Q : Y — Y are operator on'Y defined by

b
Hu(t) = h(t) +/ K(t,s,u(s))ds 4.3)
b

Qu(t) =h(t)+ | K(t, s,v(s))ds 4.4)

a

where t, s € [a,b]. Assume that K : [a,b] X [a,b] XY — Rand h : [a,b] — R is continuous. Further, assume
that the following conditions hold:

(i) If there exists a continuous function q : [a,b] X [a,b] = [0,00), 01, 02,03 € (0,1) with 61 4+ 05 + 05 < 1 that
forall u,v € Y, s,t € [a,b] fulfilling the following inequality

|K(t,s,u(s)) — K(t,s,v(s))] < q(t,s)M(u(s),v(s)) 4.5)

where M (u(s),v(s)) = [Ju(s) — v(S)I]“i%(IU(S) — Hu(s)| + [v(s) — Qu(s)])]*.
1

[5 (u(s) = Quis)| + [v(s) — Qu(s))]* [%(\U(S) — Hu(s)]

+Io(s) = Hu(s) ==+

(ii) If there exists k € [0,1) and a : Y x Y — (0, 00) such that for each v € Y, we have

b
maxte[ayb]/ q(t,s)ds < ORDE
a I

(iii) If there exists ug € Y such that a(ug, Hug) > 1.

Then the integral equations have a unique common solution in'Y .
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Proof. From (4.3), (4.4) and (4.5), we obtain
u() - Qo) = | | K (b5, u(s))ds - / K (t,5,0(5))ds|
-/ VK (15, us)) — K (15, 0(s)lds
< / " g0, 5)M (), v(s))ds

< b 61 1 H 02
_/a q(t, s)([lu(s) — o)™ [5 (Juls) = Hu(s)] + |v(s) — Quls)])]™.

15 (Ju(s) — Qu(s)] + [o(s) — Qu(s) ][5 (ju(s) — Ho(s)

2
+[u(s) = Hu(s)])]' =777 %)ds.
Taking maximum on both sides for all ¢ € [a, b], we get

d(Hu, Qu) = mazci, o Hu(t) — Qo)
< maricasy | ot s)(Juts) o)1 [~ Hulo) + 10(s) - Quo)I*
(5 (u(s) — Quis)| + lo(s) — Quis))]**
[ (lus) — Ho(s)] +Ju(s) — Hu(s)) 0%

< (mazeqan ([lu(s) — v(s)))” -[%(IU(S) — Hu(s)| + [v(s) — Qu(s)])]™.
1

(5 (fuls) — Quls)| + fo(s) — Quis) 1[5 (ju(s) — Ho(s)
b
+lols) = Hu())] ) [ g(t, s

< [d(u, )} 5 (d(u, Hu) + d(v, Qu)))* 13 (d(u, Q) + d(v, Qu))]*>.
b

[=(d(u, Hv) —|—d(v,Hu))]1_91_92_93mamt€[a,b]/ q(t,s)ds

k

(u.0)

or a(u,v)d(Hu,Qu) < kB(u,v).

N —

IN

B(u,v)

o

Since Y = Cla, b] is complete metric space. Hence, all the suppositions of Theorem 3.5 are satisfied by
setting C(v,u) = ¥ (u) — v with ¢(l) = kl and p(I) = [ for all | > 0, where k € [0, 1) and hence the integral
equations have a unique common solution.

5. Conclusion

From our investigations, we conclude that the existence and uniqueness of common fixed point theorem for
pair of quasi triangular c-orbital admissible with an interpolative (¢, )- Banach-Kannan-Chatterjea type Z-
contraction mappings with reference to simulation function in complete metric space. As an application, we find
the existence and uniqueness of common solution for nonlinear Fredholm integral equations. An example is given
in support of our main result. Our result provides new path for the researchers in the concerned field.
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