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Abstract: We first obtain a new auxiliary identity by utilizing twice differentiable functions on a—type sets. Afterwards, two
generalized Ostrowski type estimations for mappings whose second local fractional derivatives are bounded are derived, and special
cases of these comprehensive inequalities are observed. Finally, some related applications such as inequalities including special means
and generalized quadrature rules are presented.
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1 Introduction

Ostrowski inequality [12], which is introduced by Ostrowski in 1938, have a great importance in many fields of

mathematic due to the abundance of application areas. This inequality can be stated as follows.

Suppose that ¢ : [0, p]— R is a differentiable function on (o, p) such that its derivative ¢': (0,p)— R is bounded on

(o,p),ie.,||¢'l. = sup |¢'(&)] < eo. Then, one has
éc(o.p)
P o4p\2
1 1 n— ,
00— 5 [ (68| < [4+((p_;)3] (p—0)]¢].. (M

for all 5 € [0, p]. The constant § is the best possible?

Inequality (1) has wide applications in numerical analysis and in the theory of some special means; estimating error
bounds for some special means, some mid-point, trapezoid and Simpson rules and quadrature rules, etc. Hence,
inequality (1) has attracted considerable attention and interest from mathematicians and researchers. To exemplify, a
generalized version of Ostrowski’s inequality was established by Dragomir et al. in [5]. Dragomir expanded the
inequality (1) by using an absolutely continuous function and a convex mapping in [3], and he gave applications for
power and exponantial mappings. In addition, An integral inequality of Ostrowski type for functions the second
derivatives of which is bounded are provided by Dragomir and Barnett in [4]. In [6]-[10], [13], and [25], the authors
examined Ostrowski and Mid-point type inequalities for twice differentiable functions. In particular, Cerone et al. [1]

proved the following result which is related to our paper.
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Theorem 1.Let ¢ : [0,p]— R be a twice differentiable mapping such that ¢" : (6,p)— R is bounded on (o,p), i.e.,

l9”]l.. = sup |9"(E)| < oo. Then we have the inequality
¢e(o.p)

p

009~ (- T32 )06 - 2 [otenae @
<[5 (- 2)

o \2
o7l < B=20 19"
forall s« € [o,p].

Whereas many mathematical problems can be solved by using classical methods or some approximate integral equations,
domains of some mathematical issues are fractal curves, which are everywhere continuous but nowhere
differentiable.The local fractional theory, which is introduced by Yang in [20] and [21], are one of beneficial tools to deal
with the fractal and continuously nondifferentiable mappings. Therewith, a great number of researchers worked on local
fractional theory in different areas such as mathematical physics, engineering problems and applied sciences. For more
theoretical information and application areas on local fractional, you can see the references [20]-[24]. In addition, many
researchers have worked on local fractional versions of integral inequalities which possess a very important role in
applied and theoretical mathematics. For illustrate, authors provided local fractional versions of some significant
inequalities including Holder’s inequality, Hermite-Hadamard inequality, Simpson and Newton in [2], [9], [11] and [16].
Furthermore, generalized Ostrowski type inequalities for mappings whose local fractional derivatives are bounded are
obtained in [14] and [15]. The authors worked on fractional integral inequalities in [18] and [19], Tingsong et. al also
gave certain integral inequalities for a different kind of convex functions in [17].

The main purpose of this study is to establish two inequalities that are connected with the celebrated generalized
Ostrowski type inequalities using functions whose second local fractional derivatives are bounded. Also, some
applications for generalized special means and local fractional quadrature formula are given by using these two results

improved in this paper.

2 Preliminaries

We give some important concepts, definitions and rules for local fractional theory. We first recall the set R* of real line
numbers and the other a—type sets which was introduced by Yang in [21]. These sets are of great significance to describe
Yang’s local fractional derivative and integral which will use throughout this article.

For 0 < ¢ < 1, we have the following a-type sets:

2% = {0% £1% £2% ..., £n%, ...} is a-type integer set.

o
Q¥ =:{m*= (%) 1 p,q € Z, q # 0} is a-type rational numbers set.

J* = {m* £ (%)a 1 p,q € Z, g # 0} a-type irrational numbers set.
R% = Q% UJ% The a-type real line numbers set.

If 6%, p% and ¢“ belongs the set R* of real line numbers, then

(1) 0%+ p% and c%p“ belongs the set R%;

) 0%+p*=p*+0%=(c+p)*=(p+0)%;

B) 0%+ (p*+¢*%) =(c+p)* +¢%

(4) c%p* =p*c* = (op)* = (po)*;

(5) 0% (p¥s*) = (c%p*) ¢

© 2023 BISKA Bilisim Technology



NTMSCI 11, No. 3, 1-10 (2023) / www.ntmsci.com BISKA 3

(6) G(X( a+ga)_6apa+6aga;
(7) 6*+0% =0%+ 0% = 0% and 0%1% = 1%c%* = ¢%.

We can define Yang’s local fractional derivative and integral as follows.

Definition 1./21] Assume that v : R — R% is a non-differentiable function, s — y(s¢) is named to be local fractional
continuous at », if there exists § > 0 for any € > 0, such that

lw(s) —yw()| <e”

holds for |s — 3¢9 < 8, where €,6 € R. We denote y(3c) € Cy(0,p), if W(5¢) is local continuous on the interval (c,p).

Definition 2./21] We define Yang’s local fractional derivative of W (3¢) of order o at » = 3¢ by

v (o) = _ g A% (w00 —v(e0))

dx* |, 7% (32— 599)*

)

where A% (y(52) = w(20)) = (004 1) (W(2) — y(540))

k+1 times

——
We can denote W € D 1)o(I) with k =0,1,2,..., if there exists kD2 (30) = D D%y(s) for any € I CR

Definition 3./21] If w(5¢) is element of Cy [0, p], then we define Yang’s local fractional integral by

N-1

p
1
B0 = gy [ W ‘= Farr m, L, vE)as)”

with Aj = &jy — &j and AE = max {A&,A&,,...,Aéy_}, where [§;,&j41], j=0,...N—lando=§ <& <..<
En—1 < &y = p is a division of interval [G,p]. Here, it follows that ISy () = 0if 6 = p and IF Y () = —pIF Y () if
o < p.Ifforany x € [0,p], there exists cIZ (), then we denoted by y(x) € IZ[0,p].

Lemma 1./21] We should note that local fractional integration is anti-differentiation.
(1) Suppose that () = @' () € Cy [0, p], then we have

olyW(%) =¢(p) — (o).

(2) (Integration by parts for Yang’s local fractional integrals) Suppose that W (), () € Dy [0,p] and y(® (),
0¥ (3) € Cy [0, p], then we have

I8y (30 (5¢) = W(3)9(52) |5 —o 1XYW (3)@(52).

Lemma 2./21] We have the following formulas:
d%4%  I(1+ka)

) & Ltk i
ii)r( >f%’“"< »)® F(lJ(r(;:JliOl‘i )(p<k+'>a—a<k+‘>a),keze.

Theorem 2.[2] Let Y, ¢ € Cq [0,p], p,g > 1 with  + L =1, then

L o LT o)’ 7 .
F((X+1)6/|W(%)(p(%)|(d%> < F(OCJrl),G/|W(%)|p(d%) 1_,(a+l)b/|([)(%)|q(d%)
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Ostrowski inequality for Yang’s local fractional integrals was introduced by Sarikaya and Budak as follows.

Theorem 3(Generalized Ostrowski inequality). [ /4] Supposing that I C R is an interval, @ : I° C R — R* (I° is the
interior of I) such that @ € Dy (I°) and ¢'% € Cy [0, p] for o,p € I° with & < p. Then, for all » € [6,p], one has

r'l+a) T+ |1 w— 22 o
P () — Wﬁp(ro() 2m 40‘+<p—c2)'> (p—o0)

(o)

oo

3 Main Results

We observe how the inequalities will arise when we use twice local fractional differentiable functions in this section. First

of all, we establish an identity which is required to deduce our main results in the following Lemma.

Lemma 3.Let I C R be an interval, ¢ : I° C R — R* (I° is the interior of I) such that ¢ € Dyo(I°) and §*% € Gy [0, p]
for o,p € I° with 6 < p. Then one has the identity

p
2WP£®“F0+®/A“L&”MMM®“®a @

_(h=2)* c+p\% (g Ir'(1+2a)
-~ oua <%_2) ‘P()(%)‘f’md’(%)
rta), o [0(p)~0(0)
s ) |22 ]
1 I'(l1+2a) e
" 20(p—0)* T (1+0) /¢
= A, (9;,)
for
(6-&)*(§—0—my(x)" ,0<E<x
Ap(50,€5Q) =

(P—E)%(E—p—my(2)* ,x<E<p

where my, () :h(%fc—;p),he [0,2] and » € [0, p].

ProofBy definition of function Ay, (5¢,7; @), we find that

P
1 a o
m/A (30.8:00) 92 (£) (d6)
- Fiirar ] (8" E—o—m) 0 (£) 08)”
p
Firrar | (P8 (E—p =m0 00 &) (@8)"

s
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Applying local fractional integration by parts and using the Lemma 2, we obtain
1 P
A . (2a) d a
Frira ) e @00 ) (@)
(o)

— (-2 (p— o) (%—"“’)aw ()

1 f[r(1+20) o o .,
+F(1+a)![1“ (& —0)" —I'(1+a) (my () }¢>< )(§)(d¢)

(1+a)
1 F[r(1+2a)
+F(1+oc)/[1"(1+oc) (§=p)" =T (1+0) (my()) ]«P("‘)(é)(dé) .

»

If we apply local fractional integration by parts again, then we obtain desired equality (4).

We deduce new inequalities involving local fractional integrals by considering generalized convex function in the

following theorem.

Theorem 4.The assumptions of Lemma 3 are satisfied. If $ 2% is bounded on (G,p), i.e., ||[¢P%)|| < oo, then we possess
A (¢3¢, ) )

_ras20) (o= + (x-0)* _el(ta) ( otp 2

| r(1+3a) 2¢(p—0)” I'(14+2c) 2

oo [Fieae  Fiir ) o 0

r(1+2a) T (1+3a)

oo

forall 6 < 3 < %22 with h € [0,2], and

A (¢3¢, ) (6)
_jrise (p =)+ (5c— ) e l+a) ( _c+p)2°‘
=T (1+3a) 2¢(p—0)® TF1+2a)\*~ 2
1 'l+a) TI'(142a) o o
+(p—6)°‘ [F(1+2a) _F(l+3(x)} I (54)) }H(p(z : oo

for all °32 < 3¢ < p with h € [0,2]. Here my,(52) is defined by my(3c) = h (3 — %52 ).

Proof If we take absolute value of both sides of (4), owing to the conditions of mapping ¢ >, we attain

A (9; 52, @)] (7
1
2%(p—o0)

IN

p
1 o o
aF(HG)G/Ph(%,é;a)’(P@ (©)] @)

x

¢(20¢)

=) 1 o o o
< 5wty | Firay ] 198 IE ol @)

c

P
i 1P E 1 p = ml” @)”
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‘We observe that

1

m/lé—v\“lé—ﬁl"‘(dé)“

1+(x

)
1 a a
/ ~£)" ()" + Mé/(é V" (- 6)° ()

_ o T(+a) I'(1+2a) a
=2 [r(1+2a)_r(1+3a)](5_ A
I'(l+2a)
I'(l+3a)

I'(l+a)

mw— )a(r—Y)za

(r—y)“ -

forall ,7,8 suchthat y < 8 <r.

It should be calculated local fractional integrals in (7) for the cases 0 < s < G+p

For the case when ¢ < » < Gzﬁ, we find that

peq

Fia 1o €141 -0 mor o)
- ria [0 E om0 @)
1+(x /u v mh (du)“
0
- M(%_GW— Ti+e) n(0)]* (3¢ — @)

I'(143a) I'(l1+2a)

If we use also the equality (8) for the second integral in (7), then we obtain

/|p E1%1E = p+ma(4)| (d8)*

1+(x
_ a I'l+a) TI'(142a) u
=2 {F(H-Za) TT(1+30) [y (5¢)]
?Eiii?iii“’ ”)Mm[”’h(””“(ﬁ%)“.

Substituting the equalities (9) and (10) in (7), the inequality (5) can be readily captured.
For the case when GTJFP < s < p, using the equality (8), it follows that

1 o o B I'l+a) TI(14+2a) o
Mb/w—a & =0 —mya)l” (08)" = 2% | i 5os ~ i aeg | AT
I'(14+2a) o« TI'(l4+o) o o
Flvae 7O " Ry MU o)
We observe that
I'(1+2a) o, I'l+a)
Fira /|p 118 =P +mi()|" (48)" = 30 (P =™+ i 2

and T2 < 3¢ < p;

[ (50)]% (p — 22)**.

®)

©))

(10)

(1)

(12)
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Substituting the equalities (11) and (12) in (7), the inequality (6) can be easily obtained. The proof is thus completed.
Remark.If we choose o = 1 in the inequalities of theorem 4, then we capture the results obtained by Erden et al. in [8].

Corollary 1.Under the same conditions of theorem 4 with h = 0, one has the inequality

r{+2a) o+p \* (@« ri+2a)

WH‘()C)¢(%)+<2 x) ¢(>(%)wglp¢((§)' (13)
<F(1+za><<p—%>3“+<% o) )H“"
~I'(1+3a) 2¢(p — o)

[}

Corollary 2.If we choose x = +p in (13), then we possess the inequality

r(i+2a) (o+p\ T(1+2a) I(1+2a) (p—0)** ||  2g
2ar(1+a)¢( 2 )_2a(p—o)“ "IP‘P@’S r(1+3a) H‘Pm

which is generalized Mid-point type inequalities for functions whose second local fractional derivatives are bounded.
Remark.If we take a = 1 in (13), then the inequality (13) collapses to the previous well-known result (2).

Remark.Similar results can be achieved by choosing 4 = 2 in the inequalities (5) and (6).

4 Applications to Numerical Integration

In this part, we deal with the inequalities (5) and (6) in order to develope new composite quadrature rules which generalize
the estimates given in the earlier works.

Supposing that D, : 6 = 5y < 51 < ... < 35,1 < 3, = p is a division of the interval [c,p], §; € [s4, sx41] for k =
0,...,z— 1. We also define the quadrature

(@ M"“( %H%m)“ @ (b — ¥ o2
Y(‘P,(i) 7§,DZ>_F(1+2Q)]§6 Gk 2 o (Ck)bk+r(1+a)]§)¢(ék)bk (14)
r 1+(X — My + Mg ¢
TT(1120) kZ< 2) [¢ (1) — ¢ (5]

where bk = Hg+1 — Hk, k= 0, ey 2 1.

Theorem 5.Let I C R be an interval, ¢ : I° C R — R* (I° is the interior of I) such that ¢ € Dy (I°) and ¢ > € Cy [0, p]
for o,p € I°with 6 < p. If % is bounded on (c,p), i.e., || f”

< oo, then one has the representation

P
89E) = g [ 0(©)@8) =7 (0.09.0.D) 4 (0.6.C.0.)

where ./ ((1)7 ¢(°‘), QDZ) is defined as in (14), and the remainder % (¢, (I)(“), C,DZ) gives the estimations:

(@) (2a) 1 o 3 \3a

‘%’<¢a¢ ,C,Dz) SH‘P ”{F(1+3O‘)kzb((%k“ &)™+ (G —2a) ) (15)
o0 (1+OC) = e+ Mt 2 o

—2h r’(1+2a) = L (Ck— 2 ) bi

2003 [T(1+a) I'(1+2a) s+ a1 %
_F(1+2a){1"(1+2oc)_ (+3a)]Z<Ck : kH) }

© 2023 BISKA Bilisim Technology
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for s < § < A yith € [0,2], and

% (6.61).¢.0.)

<[o

{ 1+3ai(”k+l‘¢k (&)™) (16)

rii+a) g s+ 201\
_popa ~ AT TR _ ke b¥
F2(1+2a)k;) S k

2
2%p3%  Tr(14+a) T(1+2a)]%c s+ a1
Ti+2a) [r(1+2a)_r(1+3a)}g<g"_ : 2“1) }

for BT < G < gy with h €(0,2], k=0,...,z— 1.

ProofIf we apply the inequality (5) on [5¢, s441] for k =0, ..., z— 1, then we attain
(I’Z—Z)a M+ M1 ¢ () F(l—i—ZOC)
S (- ) 0 (G4 o 2 04
I'(l+a) o 2+ 21
T (g - T
20 (%k+1 — %k) 2

Zk+1

F(1+2a / 0 (¢
2¢ (%k+1 1+(X

I (1+20) ( Gas = 5"+ (G — )™
o | I'(1+30) 2% (a1 — o)

« T(1+a) g+ X 2
—h r(1+2a) <C -= 2 kH)

C(l+a) I(1+2a) st
(1 — 2)* [F(1+20‘) 1“(1—1—305)} (Ck 2 ) }

) [0 (3xv1) — ¢ (52)]

<[

h3oc

for s, < § < % with & € [0,2]. Later, summing the above inequality over k from O to z— 1 and using the triangle
inequality, the estimations (15) can be readily obtained. If we follow similar operations for the case when % <& <

41, then we obtain the estimation (16).

It is clear that the special cases of the estimations (15) and (16) give previously well-known quadrature formulas such as

midpoint quadrature rule.

Remark.If we choose o = 1 in the results of theorem 5, then we reach the estimates given by Erden et al. in [8].

Hpt A1
2

Corollary 3.Under the same conditions of theorem 5 with { = and h = 0, then one obtain the Mid-point

quadrature formula for local fractional integrals

p
o [0 €140 = Fia(0.D) +- 2 (0.0)

oly9(&) = Tli+a)

where the remainder %y (¢,D;) satisfies the estimation

> H(P (2a)
I'(1+3a)

z—1

|%m (9,D:)| < = wa (17)

Remark.If we take o = 1 in (17), we recapture the Mid-point quadrature rule which was presented by Cerone et al. in [1].

© 2023 BISKA Bilisim Technology
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5 Applications to Some Special Means

In this section, we obtain some inequalities including generalized means.For this, we first recall certain generalized

special means.

Generalized Arithmatic mean is defined by
o.ot +pa
A(Gap) = Ta

and generalized Logartihmic mean is also defined by

LS(G’p) =

I'(l+sa) p(erl)a_G(H])a :
'l+(s+1)a) (p—0)° ,

fors € Z\{-1,0}, 0,p € Rwith ¢ # p.

We consider the function ¢ : (0,00) — R*, ¢(&) = &%, s € Z\{—1,0}. If we use the Lemma 2 and the above

definitions, then, we possess

0 ()= A o (T2 ) < (o)l

(I+(s—Da) 2
and |
m alﬁ‘¢(§) = [Ly(o,p)]
for 0 < o < p. Also, one has
I'(1+s §—

‘r(1§r(s7g))a) plPe, s>1
H¢(2(X)

| Fies | ot 2, s € (— 1\ {~1,0}

=:X(o,p).

If we reconsider the inequality (13) by considering generalized special means, then we have the inequality

'(14+2a) I'(l+sa) —1a v r'(1+2a) ;
29T (1+e)” " T(+(s—1)a) Ao, p) | - T (L(o.p)
r(142a) ( (p—»)**+(x—0)**

S F(1+3(X) ( Z(X(p_o-)a )I‘Y(O—vp)a

for 0 < o < p. If we also choose » = G—erp in (18), then we possess

r(1+2a) (p—o)*

LU+ 20) X ().

20 (1+at)

Aol -2 1o pyp| <2

~ I'(14+3a)

which is the Mid-point type inequality involving generalized special means.

(18)

© 2023 BISKA Bilisim Technology
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