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Abstract. In this paper, we establish an equality in order to obtain conformable fractional Newton-type inequal-
ities. Moreover, we prove some Newton-type inequalities associated with conformable fractional operators for
functions of bounded variation. Furthermore, some results are presented by using special choices of the obtained
inequalities.
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1. Introduction

The Hermite-Hadamard and Simpson-type inequalities have attracted considerable attention in recent years. In
particular, Simpson-type inequalities are derived from Simpson’s classical rules of numerical integration. Simp-
son’s classical numerical integration rules are as follows:

i. Simpson’s quadrature formula (Simpson’s 1/3 rule):

[t @+ (50) +r ).

ii. Simpson’s second formula or Newton-Cotes quadrature formula (Simpson’s 3/8 rule):

[ st [f(“)”f(za;b)*3f(a+32b>+f(b)]'

Simpson’s second rule corresponds to the three-point Newton-Cotes quadrature formula. Therefore, evalua-

tions involving a quadratic kernel with three nodes are often referred to as Newton-type results. In the literature,
such results are commonly known as Newton-type inequalities. These inequalities have been extensively studied by
numerous researchers. For example, Gao and Shi [1] studied Newton-type inequalities for functions whose second
derivatives are convex. In [2], some error estimates of Newton-type quadrature formula by bounded variation and
Lipschitzian functions were presented. In [3], the authors derived Newton-type inequalities for convex functions

within the framework of quantum calculus. Furthermore, Noor et al. investigated Newton-type inequalities related
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to harmonic convex functions in [4], and to p—harmonic convex functions in [5]. For additional information and
unresolved aspects concerning Newton-type inequalities, the reader may consult [6—8] and the references cited
therein.

Fractional calculus has gained significant attention in recent years due to its wide range of applications across
various scientific fields. In light of its importance, various fractional integral operators have been introduced
and studied. By employing Hermite-Hadamard-type and Simpson-type inequalities, bounds for newly developed
formulas can be established. Notably, Hermite-Hadamard-type and trapezoidal-type inequalities were first inves-
tigated using Riemann-Liouville fractional integrals in [9].

Definition 1.1 ([10, 11]). If we consider f € L;[a,b], then the Riemann-Liouville integrals J& _f and Jg* f of
order o > 0 are defined by

I f () = %a) [ =0 s, x> a (L)

and

o 1 b o—1
BT ()= g | =0 pwar, x<e, (12)

respectively. Here, I'( ) is the Gamma function and its described as
INo) = / e “u® du.
0
Let us note that JO, f(x) =J)_f(x) = f(x).

The paper [12] presents several Newton-type inequalities for differentiable convex functions, derived through
the use of Riemann-Liouville fractional integrals. In addition, the authors obtained some inequalities of Riemann-
Liouville fractional Newton-type for functions of bounded variation. Moreover, in [13], the authors derived sev-
eral Newton-type inequalities for functions whose absolute first derivatives, raised to a given power, satisfy the
condition of arithmetic-harmonic convexity. Furthermore, the authors of the paper [14] present a method to ex-
amine some Newton-type inequalities for various function classes using Riemann-Liouville fractional integrals.
These types of inequalities have been extensively studied by several researchers (see, e.g., [15—17], and references

therein).

Numerous forms of fractional integrals, including Riemann-Liouville and conformable fractional integrals,
have been examined in the context of integral inequalities. The growing applicability of these concepts has re-
cently drawn significant attention from researchers in mathematics, physics, and engineering [18, 19]. Moreover,
fractional derivatives are also used to model a wide range of mathematical biology, as well as chemical processes
and engineering problems [20, 21]. In [22], the authors developed a new form of fractional derivative, called the
conformable derivative, based on the fundamental limit definition of the standard derivative. This operator exhibits
several desirable analytical properties. The conformable derivative satisfies several key properties that are not ful-
filled by the Riemann-Liouville and Caputo definitions. In [23], the author proved that the conformable approach in
[22] cannot yield good results when compared to the Caputo definition for specific functions. This limitation of the
conformable definition has been addressed through various extensions of the conformable approach, as proposed
in [24, 25].

In [26], the authors introduced the fractional conformable integral operators and investigated several of their
fundamental properties. They also explored the relationships between these operators and other existing fractional
integral definitions. The fractional conformable integral operators are defined as follows:

Definition 1.2 ([26]). The fractional conformable integral operator #_#% f(x) and P _#% f(x) of order B € C,
Re(fB) > 0and o € (0,1] are presented by

X —a)® — (f—a)*\ P!
B/aﬁf(x)zr(ll;)./tl << )a(t )) (tfit))ladt7 1>a (1.3)
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and

b X% (h—p) B-1
ﬁ/b“_f(x):r(lﬁ)/x <(b ) a(b 0) (bfgt))ladt, t<b, (1.4)

respectively for f € L;[a,b].

Let us consider o = 1 in equalities (1.3) and (1.4). Then, the fractional integral in (1.3) and (1.4) coincides
with the Riemann-Liouville fractional integral in (1.1) and (1.2), respectively. There have been a great number of
research papers written on these subjects, [27, 28] and the references therein.

2. A crucial equality

Lemma 2.1 ([29]). Suppose that f : [a,b] — R is an absolutely continuous function (a,b) such that f’ € L; [a,b].
Then, the following equality holds:

o (452) oo (52 0] TS P szl

3 3 2(b—a)*P
= W[[H—Iz—&-h],
where
11:5 (02) - | s (1= - £ a1 -0,
Iz=f‘ () - k| 1o+ (=00 - o (- plan,
gj C(gﬁvﬁa%:v%m+(ltﬁ0f0a+0ﬁbﬂm.

3. Newton-type inequalities for functions of bounded variation

Theorem 3.1. Consider that f : [a,b] — R is a function of bounded variation on |a,b]. Then, one can obtain

’é [ﬂ“”:“f(za;b) +3f(a+32b) +f<b>} _TE+Y P f @)+ ﬁ/aﬁf<b>}|

2(b—a)*P
1 AL GLA
ol -G ROV

) ) )

-4 -0

b
Here, \/(f) denotes the total variation of f on [a,b].
a

Proof. Describe the function Kb (x) and 194 (x) by

[(b—a)*—(b-0)?])P — 0T g<x<
—a)*P a a

Ko()= { [(b-a)~(p-0 - C92 2pp oy casdp
[(b—a) — (b —x))P ~ 107w <y,
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and

Ly(x) = [(b—a)a—(X—a)a]ﬁ—<b7a)aﬁ7 b <y < a2

respectively. It follows that

\

Kb (x) ] 3.1

_ )P
/ [ 0P o) -] 20 ]df(x)

—a)*B
+/L [[(za_a)“—(b_x)“]“— [(b—a)® — (x—a)*] — 2 ; ) ]df(x).

Integrating by parts, we get

gt —a)*B
/a [[(b—a)“—(b—x)“]ﬁ—[<b—a>°‘—(x—a)°‘}ﬁ+3(b 4) ]df(x) (3:2)

_ )8
—%w 4) f(a)
S
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Similarly, we have

a+2b

Zéj[Kb—aw—{b—ﬂﬂﬁ—[@—aﬂ—%x—@“ﬁ}dﬂ@ (3.3)

a+2b
3

= [[b-a* - (-9 - [b-a)*~ = )*]"] 15

2a+b
3

a+2b

ap [, [0 = -0 b -0)"] s

2a+b
3

a+2b

—ap [, (=)= (x-a)*)" " (x—a)* '] f(x)dx

and

. —a Otﬁ
/: l[(b—a)“— (b0 = [b-a)" ~ (x-a)?]" - 3(1’4)] df(x) (3:4)

_ )b b
:Mw—wwwwwwﬁ—ﬁwwﬂ—u—@ﬂﬁ—“b )]f@

4 a+2b
3
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By putting the equalities from (3.2) to (3.4) in (3.1), we have

[ [k - theo] s =C=0% [t var (2455 ) g (52 100

—(XB/ (b—a)*— B l}wfg)ladx
,aﬁ/ (b—a)* - B l]di};)l_adx

“2(-a)P ] [f( )+ 3f<2“”’> 3f(“+2b> +f<b)]

—dPTB+1) [P A f @)+ P Aar®)].

That is,

Hraear(252) + 3f(“+2”)+f<b>}—2(b<ﬁ“)[/b @+ P g s )]

)*B
1 b KB B
2(b—a)aﬁ/u [ al) =L

By taking the absolute value of both sides of (3.5), we readily obtain

mf() 3f(2a+b) 3f(a+2b)+f<b>} Ochbr(ﬁ?l)[/b r@+ P rr )

< so o [ [ thw]ar

[

<

o)

(baaﬁ{

16

(3.5)

(3.6)

It is known that if g, f : [a,b] — R are such that g is continuous on [a,b] and f is bounded variation on [a, ]

then | ab g(x)d f(x) exist and
b

< sup [g(x)[\/ (/).

x€[a,b]

/ ’ () f(x)

(3.7)
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With the help of the inequality (3.7), we have

b —a)*P
[ kbware| < |f [w—wtwfwf—wg)]ww‘
g —q)2P
+[%bhw—@wwwwwf—“ Q ]wuﬂ

_ e
+/:J [(b—a)a_(b—X)a]ﬁ—m)g)]df(x)

2a+b
3

)08
=™ \/ ()

8

sup [(b—a)a—(b—x)a]ﬁ—

xela, 245

IN

+ sup

e[ 052

+ sup

e[ei ]

IN
=
|
&
R
=
=]
=
>
—N

In a similar manner, we get

b —a)*P
[[(ba)“ —(x—a)*)’ - 7("8)] df(x)| (3.8)

<

[ thar

at2b —a)*B
+/@ l[(b—a)a—(x—a)a]ﬁ—(b 2) ]df(x)‘

_ o
T A O L A Gl ]df@ﬂ

2a+b
3

Y.
o=\ \s ()

sip | [(b—a) —(x—a)) - =

refu st

IN
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_ayeB| b
b ([0 @-af - LT ()
re[ 452 0] a1

}V(f)

a

-7

IN

vl (3)T 5
-G -5

If we substitute inequalities (3.8) and (3.8) into (3.6), then we obtain

e () (252) o] 58 s 210]

i ()T -G T -3{0-6)T

N“* 1
1—(= -
3 2
which gives the desired results of Theorem 3.1. [J

Remark 3.2. Ifwe consider oo =1 in Theorem 3.1, then we have the following Newton-type inequality for Riemann-
Liouwville fractional integrals

@3 (350 ) s (U520 )] - TP o)+ g st |

8 3 2(b—a)P
U ORI OO G

which is proved by Hezenci et al. in paper [16, Theorem 14].
Remark 3.3. If we assign oo = B = 1 in Theorem 3.1, then one can readily obtain
1 2a+b a+2b 1 b
s [+ (250 war (2 50 - 51 [

This is established by Alomari in paper [30].

)

) ) 7

b
}\/<f>,

(f)’

) ) )

®<®‘

b

5

4. Conclusion

Some new versions of Newton-type inequalities are considered for the case of differentiable convex functions
with the help of the conformable fractional integrals. More precisely, several Newton-type inequalities for dif-
ferentiable convex functions are evaluated by using the power-mean and Holder inequality. Moreover, some new



Sarugik et al. / Diizce Math. Res. (2025) 1:1 19

results are given by using special choices of obtained inequalities. In addition, some Newton-type inequalities
are given for bounded and Lipschitzian functions. Finally, we prove several conformable fractional Newton-type
inequalities for functions of bounded variation.

In future work, the concepts underlying our results related to Newton-type inequalities for conformable frac-
tional integrals may pave new paths for mathematicians in this field. Furthermore, one could explore generalizing
our results by employing different versions of convex function classes or other types of fractional integral op-
erators. Finally, these types of inequalities could be derived for convex functions using conformable fractional
integrals within the framework of quantum calculus.
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