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ABSTRACT. In this manuscript, we introduce new notion of modified weak
contraction in cubic terms of metric via simulation functions and establish
fixed point results for this kind of operator in the framework of complete
metric space. Our result is an extension of J-weak contraction in complete
metric space which generalize some existing results. Moreover, example is
given to illustrate the attained sequel.

1. Introduction. Fixed point is very powerful tool in several spheres of
analysis. In 2013, Murthy and Prasad [9] generalize weak contraction by making
combinations of o(z,y). In 2015, Khojasteh et al. [7] estabilshed some fixed point
results for Z-contraction via simulation function. Afterwards, Argoubi et al. [1]
inroduced a contraction comprising simulation function for a metric enriched with
partial order. In 2017, Jain et al. [6] proved some results for commuting mappings
comprising cubic terms of metric. In 2020, Arora et al. conferred common fixed
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point results for modified S-admissible contraction and almost Z-contraction in
the edge of metric space and G-metric space(see [3], [8]). Afterwards, Debnath et
al. [4] discussed the existence and uniqueness of common fixed point theorems for
Kannan, Reich and Chatterjea type pair of self-maps in the context of complete
metric space. In 2021, Arora [2] established some common fixed point results for
four self maps in the context of Gs-metric space via CLR property.

Now, let us recall some definitions which will be significant in the sequel.

Definition 1.1 ([7]). Let (X,0) be a metric space, f is a self-mapping
on X and ( € Z. We say that f is a Z-contraction with respect to (, if

C(U(fm,fy),0'<$,y)) > 0; fO?" all T,y € X.

Hang and Dung [5] investigated the concept of generalized F-contraction
and proved useful fixed point results for such kind of functions.

Definition 1.2 ([5]). Let (X,0) be a metric space and f : X — X be
a self-mapping. f is called a generalized F-contraction on (X,o) if there exist
F e and d > 0 such that

o(fa.fy) > 0= 6+ F(o(fx. fy)) < F <max {fr(a:,y),o(m, f2),0(y. 1),

o o a(f? o(f?
e fuy ol o) SRS 0, (20, g, 022,000 0. 1))

Definition 1.3 ([10]). Let (X,0) be a metric space and T : X — X
be a function. T is known as F-weak contraction on (X, o) if there exist F' €
S and v > 0 such that for all x,y € X,

o(Tx,Ty) >0=~v+F(o(Tx, Ty))

<F <max {U(x, W), 0(Ta,2), oy, Ty), SE T+ o, T2) }) .

2

Definition 1.4 ([10]). Let (X, o) be a metric space and T : X — X be a
function. T is known as d-weak contraction on (X, o) if there exist ¢ : [0,00) —
[0,00) such that for all z,y € X, o(Tx,Ty) < o(z,y) —d(o(z,y)).

Definition 1.5 ([1]). The function p : [0,00) x [0,00) — R is said to be
a simulation function, if the following properties hold:

(Ml) :U(O> O) =0;

(n2) pla,b) <a—>b forall a,b> 0;
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(us) If {an} and {b,} are sequences in (0,00) such that

nh_)ngo{an} = nh_)rrgo{bn} =/{, then nh_}n;o sup p(an, by) < 0.

Let H be the class of all simulation functions p : [0, 00) X [0,00) = R.
In this paper , we established fixed point results by making several combinations
of o(z,y) in the context of complete metric space by virtue of simulation function.
As application, various analogous results in fixed point theory are easily deduced
by conferring different values to s.

2. Main results.

Definition 2.1. Let (X,0) be a metric space, S : X — X be a mapping
and p € Il. Then, S is known as modified weak contraction in cubic terms with
respect to u if the following condition is fulfilled.

(2.1) (L + so(z,y))o*(Sx, Sy), sM(x,y) + L(z,y) — §(L(z,y)] > 0,

where

(2.2) L(z,y) = max {0’2(1,‘,?/), o(x,Sz)o(y, Sy),o(x,Sy)o(y, Sx),

o(x,Sz)o(x,Sy) + oy, Sx)o(y, Sy) }
2

and

o(z,Sz)o(y, Sy) + o(x, Sx)o?(y, Sy)
2 )

(2.3) M(z,y) = max{

o(x,Sx)o(x,Sy)o(y, Sz),o(x,Sy)o(y, Sx)o(y, S’y)} .
where s > 0 be a real number and ¢ : [0,00) — [0,00) is a continuous function
with 6(t) =0 iff t =0 and 6(t) > 0 for every t > 0.

Before starting our Theorem, we will give some lemmas that have an
important role for proving our main result.

Lemma 2.2. Let (X,0) be a metric space and S be modified weak con-
traction in cubic terms with respect to u such that the sequence {x,} in X is
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defined as Ty 11 = Sy, for alln € N. Let x, # wp11 for each n € N. Then,

nh_)nolo 0(Tp, Tny1) = 0.

Proof. Firstly, we have to show that {p,} is non increasing sequence
and convegent. Now, two cases arise.

Case 1. If n is even, substituting = x9,, y = zap+1 in (2.1), we get

(2.4)  p[(1+ so(v2n, Tant1))0? (ST2n, ST2n41),

sM (22, Tont1) + L(won, xant1) — 6(L(x2n, Tans1)] > 0,

where

(2.5) L(xon,x2p+1) = max {02($2n,$2n+1)7 o(zan, STon)o(Tan+1, SToan+1),

o(z2n, STont1)o(Tant1, STon),

U(frzm 5$2n)0($2n, Sl‘2n+1) + U($2n+1, Swzn)U(UCQnH, 5902n+1) }
2

and

(2.6) M(xon, Ton+1)

{ 0'2(x2n7 San)U(x2n+1a Sx2n+1) + 0'(:172717 S$2n)02(x2n+17 Sx2n+1)
2 )

= max
o (z2n, ST2n)0 (Ton, STon+1)0 (T2n+1, ST2n),
0(xon, STont1)o(Tant1, STon)o(Tant1, STont1) }
Using the given assumption of lemma, (2.4), (2.5) and (2.6) reduces to

(2.7) pl(1 + s0(220, 22041))0” (T2n41, T2n42),

sM (x2n, Tont1) + L(xon, ont1) — 6(L(z2p, T2n41)] > 0,

where
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(2.8)  L(w2n, T2n+1) = max {02($2n7x2n+1)7 0 (T2, T2n+1)0 (T2n41, T2n+2),

0 (z2n, T2an+2)0 (T2n41, T2an+1),

0(z2n, Tan+1)0(Ton, Tant2) + 0(Tont1, Tant1)0 (T2nt1, Tont2) }
2

and

(2.9) M(x2n, T2n+1)

e { 0 (%20, Ton+1)0 (Tont 1, Tant2) + 0(Tan, T2n41)02 (Tont1, Tont2)
— 5 :

o (Zon, Tan+1)0 (T2n, Tont2)0(Tan+1, Tont1),
o (T2n, Ton+2)0 (T2n41, Tan+1)0 (T2n41, Tan42) }

Let pan, = 0(xan, Ton+1). Now, (2.7), (2.8) and (2.9) reduces to

(2.10) p[(1+span)p2n+1, M (T2n, T2n+1) + L(w20, T2nt1) — 6 (L(T2n, T2nt1)] > 0,

where

,02n(0($2m 332n+2)) 0}

211) Lloanszni) = mx { g a0, 20002

and

p%nPQn—H + P2n,0%n+1 0 O}
2 M M .

(212) Mlaznsann) = e {
On account of triangle inequality, we infer that

0(%on, Tant1) + 0(Tant1, Tant2) > 0(T2n, Tant2).

Therefore,
U(SUQm $2n+2) < pon+1 + pP2n.

Taking(2.11) into account, we obtain

p2n(p2n + pZn—l—l) 0}
2 e

(2.13) L(zon, xon41) < max {P%n, P2n+1P2n, 0,

5



6 S. Arora

If pont1 > pan then (2.10) yields that

0 < :U’[Sp%n—i-lv Sp%n—l-l - 5(p%n+l)]
< Sp%n—i—l - 5(10%71—1—1) - Sp%n—i-l'

Therefore,
$Pn11 + 0(Ppi1) < SP3pi1s
a contradiction.
Hence, pon1+1 < poy. Similarly, we can prove that pspio < pant+1 when n
is odd natural number. Consequently, p, is decreasing sequence.
Therefore, there exist ¢ > 0 such that

lim p, =q.
n—oo

Assume that ¢ > 0, then substituting * = z,and y = x,,41 in the inequality (2.1),
(2.2) and (2.3), we get

(2'14) M[(l + sa(xn, xn_H))Uz(an, an—i—l)a
SM(xn) xn—i—l) + L(xn’ xn—i—l) - 5(L($n, $n+1)] >0,
where

(2.15) L(xp,Tpt+1) = max {02($n7$n+1), 0 (@, Sn)o(Tnt1, STpt1),

0 (n, Stnt1)o(Tnt1, S2n),

(X, STp)o(Tn, Stpt1) + 0(Tni1, STp)o(Tpni1, STpi) }
2

and

(2.16) M(xn,Tni1)

= max { 0 (T, Sn)0 (Lni1, STni1) 20’(%, Sxp)0% (Tnt1, STni1) 7

0(xpn, Sxn)o(Tn, STpi1)o(Tni1, STy),

O'(.Z'n, Swn—i—l)a(xn—‘rlv an)0<xn+17 an-l—l) } .
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By using the given assumption of lemma, (2.14), (2.15) and (2.16) yields that

(2.17)  pl(1 + s0(2n, 2041))0* (Tnt1, Tny2),
sM(xp, Zni1) + L(2n, Tng1) — 0(L(2n, xn+1)] >0,

where

L(l‘na l'nJrl) = max {02 (xn, xn+1)a O’(.’En, xn+1)0'(xn+la xn+2)>

O-(xny xn+2)0($n+1’ xn—l—l)u

0 (T, Tni1)0(Tn, Tng2) + 0(Tng1, Tng1)o(Tng1, Tnia) }
2

and

0 (Tn; Tng1)0(Tni1, Tng2) + 0(Tn, Tng1) o2 (Tpit, Tnya)
2 )

M (xp, Tpy1) = max {

0 (T, Tng1)0(Tny Tng2)0(Tni1, Tny1), 0(Tn, Tni2)0(Tng1, Tng1)0 (Tny1, Tng2) }

Making n — oo in (2.17), we obtain

0 < pl(1+59)q°), s4° + ¢* — 6(¢%)]
<sq” +¢> = 8(¢*) — (1 + s9)¢%).
Therefore,
(1+59)g* < (1+ s9)¢* — 6(¢*).
Due to positivity of q, 6(¢*) < 0.
Further, using the property of d, we get ¢ = 0. Consequently,

nh_)n;o 0(Tn, Tpy1) = 0. O

Lemma 2.3. Let (X,0) be a metric space and S be modified weak con-
traction in cubic terms with respect to . Let {x,} be the sequence in X such
that xp41 = Sxy, with x, # xpy1 for alln € N. Then the picard sequence {x,}
s bounded.
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Proof. Let zp € X be any point. Let us suppose that {z,} is not a
bounded sequence. Therefore, there exists a subsequence {z,, } such that m; =1
and myyq is smallest integer for every positive integer ¢ such that

O'(l'm[+17$m[) >1

and
0(Tpn, Tm,) <1

for my <n <myyq — 1.
On account of triangle inequality, we get

1

IN

U(mel ) xme)

IA

U(xmzH ) xmzH—l) + O-(meJrl_l’ Tim,)

IN

O-(xmé+l7xmé+l_1) +1.
Making ¢ — oo and using lemma 2.2, we obtain

EILIEOJ($mZ+17$m£) =1

Since, S is modified weak contraction in cubic terms with respect to pu € II,
therefore by using us, we have

(2.18) 0< lizn sup p[(1 + 50 (Tmgy 1, xme_l))UQ(SazmHl_l, STime—1),
—00

SM(xmzH—l?xme—l) + L(wmz+1—17xmz—1) - 6(L(xme+1—17$me—1))] <0,

where
L(xmul—l’ xmz—l)
= max {02($m4+1—17 meg—l), U(xmeﬂ—l’ Sxmeﬂ—l)g(xme—l? Swme)v

U(xmzH—lv Simy-1)0(Tm,—1, Sxme+1—1)7

O'(xme-u—l? Swm£+1—1)a($mz+1—17S$mz—1)+a(xme—178mmz+1—1)0($me—1vsxmz—1)}
2

and
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M(xmeﬂ—l’ xme—l)
= Imax {J(mel_l, Sxmz+1_1)o—(xm£+1—1’ Sxme—l)g(xmz—la Sxme+1_1)7

O—(xmé+1—17 Sxme—l)a(wmz—la S$mz+1—1)0(xme—lv Sxmz—l)a

UZ(wmeﬂ—lvsxmeH—l)U(xmz—lﬂsxme—l)'i‘a(xmeﬂ—lvsxmz+1—1)02(xme—1vsxmz—l)

2

Contradiction(2.18) proves our result. O

Lemma 2.4. Let (X,0) be a metric space and S be modified weak con-
traction in cubic terms with respect to . Let {x,} be the sequence in X such
that xp41 = Sxy, with ©, # xpy1 for alln € N. Then the picard sequence {x,}
is a Cauchy sequence.

Proof. Let us suppose that {z,} is not a Cauchy sequence. Let d; > 0
be however small for which we have sequences {n;} and {my} such that

O(.ﬁné, xmg—l) < (51

and
O—(xn27$m[) Z 617

for each my > ny > /L.
On account of triangle inequality, we get

51 S U(x'rlg7xmg)
(2.19) < o(Tny, Tmy—1) + 0(Tmy—1, Tmy, )-
Making ¢ — oo in (2.19), we get

(2.20) lim o(zp,, Tm,) = 01.

L—00
Again using triangle inequality, we obtain
0(Tnys Tngt1) 2| 0(Tmy, Tny1) — 0(Tngs Tmy) | -

Letting £ — oo in the above inequality and taking lemma 2.2, (2.20) into account,
we get

(2.21) zlggo 0(Tmy, Tnyt1) = 01.

b
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With the help of triangle inequality, we obtain
U($m4,$m2+1) Z| U(xnw:vmﬂrl) - U(l'neal‘mz) | :
Letting £ — oo in the above inequality and using lemma 2.2, (2.20), we get

(2.22) éli)r(r:o o(zn,, Tmy+1) = 01.

Now, using triangle inequality, we get
‘ O'(l’w, mne-ﬁ-l) + U(xmwxme-f—l) |Z’ O'(xne-i-hxme-&-l) - U(‘rne’ xme) | :
Letting ¢ — oo in the above inequality and using lemma 2.2, (2.20), we get

(2.23) Jim (@1, 1) = 01

Substituting = z,,, and y = x;,, in (2.1), we get

(2.24) U1+ 50 (s T2, ))0X(STays S, ),
SM(an’ 137”2) —"_ L(xné’ xmé) - 5(L(xn€’ xmé)] Z 07

where
(2.25) L(xp,,Tm,) = max {Jz(xw,xme),a(:rw, ST, )0 ( Ty STy, ),

o(zn,, Stm,)o(m,, Sty,),

0 (Zny, STn, )0 (Tny STmy) + 0 (Tmys STy )0 (Tmy, STm,) }
2

and

(2.26) M (xn,,zm,)

= max { UQ(x"“ SI”Z)U(xmza Swmz) + U(xnza Sffnz)UQ (xmz, Sxmz)

2 Y

0 (Tnyy STy )0 (Tnyy STy )0 (Timys STny),

0(xn,, STm,)o(Tm,, STn,)o(Tm,, STm,) }
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Using the given assumption of lemma, (2.24), (2.25) and (2.26) reduces to

(2'27) :U’[(l + Sa(xnwwmz))02($nz+1ﬂ xme-ﬁ-l),
SM (T, Tm,) + L(n,, Tm,) — 0(L(Tn,, Tm,)] 2 0,

where
L(xnwwme) = max {02($nea xmz)v U(xnza xn£+1)0(wme, xmz+1)7

O’(.Z‘né, l‘m£+1)0'(.1‘mé, l‘n£+1),

U(xmz’ xw-l—l)‘j(xne? wmz-&-l) + U(xmzvxne+1)0(xmzvxmz+l) }
2

and

M(xne ) xml)

= max { 02(33”27 xnz-l—l)a(xmw xmz+1) + U(xnzv xnz-ﬁ-l)az(xmevmmz-l—l)
= 5 ,

0 (Tngs Tng1)0 (Tngs Tmg1)0 (Tmgs Tng41),
0(Zny, Trg+1)0( Ty s Tnyt1)0 (T s azmﬁl)}.
Letting ¢ — oo in (2.27) and using (2.20), (2.21), (2.22), (2.23), we get
0 < p |(14 561)0%, s max {042_0,0,0} + 6% — 5((5%)}

= [(1+561)57, 6F — 6(67)]
<07 = 0(07) — (1+ s01)d7,
which implies that
(1+ s61)07 < &7 — 6(51),
which is a contradiction.

Consequently, {z,} is a cauchy sequence in X. O

Theorem 2.5. Let (X,0) be a complete metric space and S be modified
weak contraction in cubic terms with respect to p such that the sequence {xy,} in
X is defined as xp+1 = Sxy, for allm € N. Let x, # xpiq for eachn € N. Then,
S has a unique fized point in X.
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Proof. Since, (X,0) be a complete metric space and in lemma (2.4),
we proved that {x,} is a cauchy sequence in X. Therefore, it yields that

(2.28) lim z,, = v,

m—00

for some v € X.

Now, we shall prove that v is fixed point of S. Let us assume contrary
that v # Sv. So, o(Sv,v) > 0. Now, substituting x = z,,, and y = v in (2.1), we
have

(2.29) 0< li_I}Il sup p[(1 4 80(2m, v))0? (S, Sv),
SM (Zy, v) + L(Z, v) — 6(L(X4, v)],

where

(2.30) L(xm,v) = max {02($m,1}), (T, STm)o (v, SV), (T, Sv)o(v, Sxm),

(T, STi)0 (T, SV) + 0 (v, S )0 (v, SV) }
2

and

o2 (xm, Sm)o (v, Sv) + o (Tm, STm)o? (v, Sv)
2 )

(2.31) M (zpm,v) = max{

(T, ST)0 (T, SV)o (v, STy, 0 (T, SV)o (v, STp,)0 (v, Sv)}.

Due to given hypothesis of Theorem and using (2.28), we obtain
(2.32) 0 < lim sup p[(1+so(v,v))o?(v, Sv), sM(v,v)+L(v,v)—§(L(v,v)] < 0,
m—0o0

where

L(v,v) = max {0'2(1), v),o(v,v)o(v,Sv),o(v, Sv)o(v,v),

o(v,v)o(v, Sv) + o(v,v)o(v, Sv) }
2

and
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o?(v,v)o (v, Sv) + o(v,v)o?(v, Sv)
2 9

M(v,v) = max{

o(v,v)o(v, Sv)o(v,v), (v, Sv)o(v,v)o(v, Sv)}.

The inequality (2.32) is a contradiction. Therefore, o(Sv,v) = 0, which implies
that Sv = v. Hence, S has a fixed point v in X.

Now, we examine the uniqueness of attained fixed point of S. Let us
assume that v and w be two fixed points of S. Putting x = v and y = w in (2.1),
we can derive that o(v, w) = 0. Therefore, v = w.

Consequently, S has unique fixed point in X. O

Example 2.6. Consider X = {0, 1,2,3} associated with the metric

i) 0 ife=y
r,Y) =
| z —y | otherwise

for all x,y € X. Now, we define the mapping S : X — X by

1 ifz=3
Sz = .
0 otherwise

Let § : [0,+00) — [0,+00) be defined as §(t) = % Indeed, for every value of

s> 0and x,y € X, it is simple to justify that the condition of inequality(2.1)
fulfils. So, we guarantee the occurence of fixed point of S. Therefore, Theorem
(2.5) holds.

Corollary 2.7. Let (X,0) be a complete metric space and S be self map
which fulfils the condition

M[U2(S$7Sy), L(xry) - 5(L($,y)] >0,

where

L(x,y) = max {02(@: y),o(z,Sx)o(y, Sy),o(x, Sy)o(y, Sz),

o(x,Sz)o(x,Sy) + oy, Sz)o(y, Sy) }
5 ;

where § : [0,00) — [0,00) is a continuous function with 6(t) = 0 iff t = 0 and
0(t) > 0 for every t > 0. Then, S has a unique fixed point in X.
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Proof. By substituting s = 0 in Theorem 2.5, we will get the unique
fixed point of S. O

Corollary 2.8. Let (X,0) be a complete metric space and S be self map
which fulfils the condition

pl(1+ 20 (z,y))o?(Sxz, Sy), 2M (z,y) + L(z,y) — 6(L(z,y)] > 0,

where

L(z,y) = max {02(1’7?4), o(z,Sx)o(y,Sy),o(x, Sy)o(y, Sz),

o(x,Sz)o(x,Sy) + oy, Sx)o(y, Sy) }
2

and

o(x,Sz)o(y, Sy) + o(x, Sx)aQ(y, Sy)
2 M

M (z,y) = max {
o, S2)0(z, Sy)o(y, Sz),0(z, Sy)o v, S2)o(y, Sy>},

where § : [0,00) — [0,00) is a continuous function with 6(t) = 0 iff t = 0 and
5(t) > 0 for every t > 0. Then, S has a unique fized point in X.

Proof. By substituting s = 2 in Theorem 2.5, we will get the unique
fixed point of S. O

3. Conclusion. This paper explore the new notion of modified weak
contraction in cubic terms of metric via simulation functions and established
fixed point results for this class of contraction in the setting of complete met-
ric space. The results obtained herein represent a significant extension of the
existing d-weak contraction framework, broadening its applicability by incorpo-
rating cubic terms of the metric and the powerful analytical tool of simulation
functions. The fixed point theorems presented in this work not only generalize
several prominent results in the existing literature but also open new directions
for further investigation in metric fixed point theory. The illustrative example
provided confirms the validity and applicability of our theoretical results.
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4. Open problem. It is an open problem that whether the foundational

framework established in this research can be extended to modular metric space,
b-metric space, partial metric space and rectangular metric space.
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