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Some Hermite-Hadamard type inequalities for convex
functions via conformable fractional integrals and related
inequalities

ERHAN SET!, MEHMET ZEKI SARIKAYAZ2 and ABDURRAHMAN GOZPINAR!

ABSTRACT. In this present study, firstly we give some necessary definitions and some results related to
Riemann-Liouville fractional and conformable fractional integrals. Secondly, using the given definitions , we
established a new identity and Hermite-Hadamard type inequalities via conformable fractional integrals. Rele-
vant connections of the results presented here with those earlier ones are also pointed out.

1. INTRODUCTION

A function f:I C R — Ris said to be convex if the inequality

flz+ A=ty <tf(z)+ 1 -1)f(y)
holds forall z,y € I and t € [0, 1].
The following inequality is the classical Hermite Hadamard inequality for convex func-
tions: Let f: I C R — R be a convex function and a,b € I with a < b, then

It is a known fact that theory of convex functions is closely related to theory of inequal-
ities. Recently, many researches have studied and investigated this theory. Especially,
after 1983, Hermite-Hadamard’s inequality has been considered as one of the most useful
inequality in mathematical analysis. A number of the papers have been written on this
inequality and lots of new results were established on some kinds of convex functions.
For more recent results which generalize, improve and extend this inequality, see and
references therein ([2], [4], [8], [9], [10]).

Now, for using in this study we need some definitions and mathematical preliminar-
ies of fractional calculus theory. Using classical Hermite Hadamard’s inequality some
researchers generalized and obtained the results on fractional integrals. For more details,
see the papers given in the references ([5], [6], [7], [11], [12], [14]-[20]).

Definition 1.1. ([16]) Let f € Li[a, b]. The Riemann-Liouville integrals J¢', f and J;* f of
order o > 0 with a > 0 are defined by

I f@) = g [ @= 0t wd o>a

and

b
Je f(x) = r(la)/ (t— ) f()dt, @ <b
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respectively. Here I'(t) is the Gamma function and its definition is I'(t) = [~ e '~ !da.

It is to be noted that J?,_ f(z) = J{_f(z) = f(x) in the case of a = 1, the fractional
integral reduces to the classical integral.

The Beta function defined as follows:
[(a)I'(b)
T'(a+0b)

where I' (o) is Gamma function. The incomplete beta function is defined by

B.(a,b) :/ t27 (1 — t)’ Ldt.
0

For 2 = 1, the incomplete beta function coincides with the complete beta function.
It is remarkable that Sarikaya et al. gave an integral inequality of Hermite-Hadamard
type involving Riemann-Liouville fractional integrals as follows:

1
B(a,b) = :/ 1 —t)"tdt, a,b>0,
0

Theorem 1.1. ([17]) Let f : [a,b] — R be a positive function with 0 < a < band f € L1[a,b].
If f is a convex function on [a, ], then the following inequality for fractional integrals hold:

F(“50) = g s+ g @) < L IO

where T (o) is Gamma function.

It is obviously seen that, if we take o = 1 in Theorem 1.1, then the inequality (1.2)
reduces to well known Hermite-Hadamard’s inequality as (1.1).

Sarikaya and Yildirim established new identity and inequalities via Riemann-Liouville
fractional integrals as follows:

Lemma 1.1. ([18]) Let f : [a,b] — R be a differentiable mapping on (a,b) with a < b. If
f’ € Lla,b], then the following inequality for fractional integrals holds:

2(bF_<0‘)+1> Ty JO T @) = £ (“57) 13)

Cb—a)| [ttt 2t Lo(2—t ot

Theorem 1.2. ([18]) Let f : [a, b] — R be a differentiable mapping on (a,b) with a < b. If | f'|
is a convex function on [a, b] for ¢ > 1, then the following inequality for fractional integrals holds:

209710 (a0 + 1)
b—ay {J

with o > 0.

(a“;rbff(b)""‘]zla;rb)f(a)} _f(a—2|—b> ‘ 1
<3+ <2<a1+2>>; {[(“ DIF@I+ (a+ 31701

Q=

+[@+3)f @I+ (a+ 1) B)]

where T (o) is the Gamma function.
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Theorem 1.3. ([18]) Let f : [a, b] — R be a differentiable mapping on (a,b) with a < b. If | f'|?
is a convex function on [a, b] for ¢ > 1, then the following inequality for fractional integrals holds:

e e 10+ Sy 1] -1 (57) "
<5 () { [t ke
<

b;a< 4 )p[|f’(a)|+|f/(b)]

ap+1

where % + % = land T («) is the Gamma function.

In the following, we give some definitions and properties of conformable fractional
integrals which helps to obtain main identity and results in section 2. In [13], Khalil et
al. defined a new well-behaved simple fractional derivative called conformable fractional
derivative depending just on the basic limit definition of the derivative. They also defined
the fractional integral of order 0 < o < 1 only, for interesting results see also [3].

In [1], Abdeljawad gave the definition of left and right conformable fractional integrals
of any order « > 0 as follows:

Definition 1.2. Let a € (n,n + 1] and set 5 = a — n then the left conformable fractional
integral starting at a of order « is defined by

1 t
12h) = [ (=0 )
Analogously, the right conformable fractional integral is defined by
b
L) = [ =00 @),
St

Notice thatifa =n+1thenfg=a—-n=n+1—n=1wheren =0,1,2,... and hence
(L2F)(t) = (J2 1 F)(8):

Recently, a few studies can be found on conformable fractional integral. In ([21]-
[25]) Set et al. obtained some new results and generalizations for convex functions via
conformable fractional integrals. In [21], they gave a new generalization of Hermite-
Hadamard inequality via conformable fractional integral as follows:

Theorem 1.4. Let f : [a,b] — R be a function with 0 < a < band f € L1[a,b]. If f is a convex
function on [a, b], then the following inequalities for conformable fractional integrals hold:

a+b (o +1) " Fla)+ £ )
d ( 2 ) S 23— a)T(a—n) (LN ®) + (Laf)a)] < =0

with o € (n,n + 1], where I" is Euler Gamma function.

(1.6)

The aim of this present work is to establish new Hermite-Hadamard type inequalities
for conformable fractional integral related to fractional integral.

2. MAIN RESULTS

Now, using the definitions and properties of conformable fractional integral, we will
establish some new inequalities connected with the left-side of Hermite Hadamard in-
equality via conformable fractional integrals. Before establish the inequalities , we need
the following useful lemma.
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Lemma 2.2. Let f : [a,b] — R be a differentiable mapping on (a,b) with a < b. If f € L[a,b],
then the following equality for conformable fractional integrals holds;

20—1p|

At Uy DO+ sy N0 = B+ 10 -mf (5 @7

b—al (! St 2t
= B 1, a0 — — t
1 {/0 d(n+1,a—n)f (2a+ 5 b>d

1 —
—/ B(n+1,a—n)f <2ta+ tb) dt}
o 2 2

witha € (n,n+ 1], n =0,1,2,3... where By(a,b) is incompleted beta function and I is Euler’s
Gamma function.

Proof. Integrating by parts and changing variables with « =
ing results via conformable fractional integrals;

La+25b, we get the follow-

1 ot 2t
L, = Biln+1l,a—n)f (-a+——0b]|dt (2.8)
o 2 2
t 22—t 2 '
= Bt(n+17a—n)f<2a+2b>a_b0

2 ! n a—n—1 3 2—t
a—bAt(l_ﬂ f(2a+ 5 th

2 a+b
= a_bB(nJrl,an)f( 5 >

9 2 aTH, 7b n atb a—n—1
(a_b> A (22_b> (2 Z_bx> f(z)dz

= %B(n—i—l,a—n)f (a—2|—b>

a—n—1
2 ? GTH) n b—x " a—n—1 x_aT%
(a—b> /b 2 <b—a> 2 b—a f(@)de

a+b 4.2%1p1 o
2 ) + (b —a)a+l (I(aTer)+f)(b)7

= QbB(n—Fl,oz—n)f(

again in a same way, changing variables with z = %:%a + £b and integrating on [0, 1],
we get;

2—-1

1
I / Bin+1,a—n)f <2a+;b> dt (2.9)
0
2

1

2—-1 t
= B 1,0 — =
o H(n+ 1« n)f( 5 a—l—Qb) .

2 v wem1 (2t
() oo (e )

2 a+b
= HB(n—l—l,a—n)f( 5 )
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9 2 a;rb _ n Ler—x a—n—1
_(b—a) /a (2.?_3) (2. Z—a) fz)dz

2 a+b 4.2 pt
_ b_aB(nJrl,an)f( . )(b_a)a+1(1(a+l,)_f)(a).

2

Adding the equations I1, —I, and multtiplaying with 5%, which proof is completed. [

Remark 2.1. Noticed that, taking o = n+1 in conformable fractional integral inequalities,
they reduce to Riemann-Liouville fractional integral inequalities. If we choose & = n + 1
in equality (2.7), our main identity reduces to the equality (1.3).

Theorem 2.5. Let f : [a,b] — R be a differentiable mapping on (a,b) with a < b. If |f'|7 is
convex on [a, b], then the following inequality for conformable fractional integrals holds;

20 1n) o o a-+b
e T DO+ (T D@ = Bl L7 (4 )‘ 210)

< Twlé{(%uw Sl )+ (B %lf’@'q)é}

where
U= [B(n+1,a—n)—B(n+2,a—n)], (2.11)
_(B(n+1l,aa—n)—B(n+3,a—n)
\Ijl_[ 4 ]
3B(n+1l,a—n)—4B(n+2,a —n)+ B(n+3,a — n)
\1’2:[ 4
with g > 1.

Proof. Taking modulus in Lemma 2.2 and using the well-known Power mean inequality
with convexity of | f'|7, we get;

et [y DO+ () D@)] ~ B+ 100 (50)] a2
< b;a{ /OlBt(n+1,a—n)f’ (;a+22_tb>dt‘

+/OlBt(n+1,an)f' <22_ta+;b)dt'}
< [ morracma] [ Bosna-nlr (G 250 o)

+ |:/OlBt(n+1704_n)dt:|l_; [/OlBt(nJrLa—n)

thr}

(2=t t
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b— =3
< [ Bi(n+1, a—n)dt}
4
1 _ 7
{ Bi(n +1,afn)%dt+|f’(b)\q/o Bi(n+1,a—n) (22t>dt]
[ / Bin+1,a—n) (22_’5> dt+f’(b)|q/1Bt(n+17a—n);dt}q }
0

Integrating by parts we can write the following calculations;

1
t
Uy z/ Bt(n+1,a—n)§dt (2.13)
0
21

= Bt(n—l- 1,04—77/)1

1

1
— 7/ t"T2 (1 — )t
0 4 0

(n+1,a—n)— B(n—i—&a—n)]
4

)

t

[~
/ W(n+1,0—n) (1—2> dt (2.14)
B,
=

(n+1,a-— )(t—i) ;—/Olt"(l—t)a—"—l (t—i)dt

(n+1,a—n)— 4B(n+2,a—n)+B(n+3,a—n)}

4
and
1
v = / Bi(n+1,a —n)dt (2.15)
0
1 1
=Bi(n+1,a—n)t| — / t"TH (1 — ) lat
o Jo
= [B(n+1,a—n) — B(n+2,a —n)].
Thus, combining (2.13)-(2.15) in (2.12), the proof is completed. O

Corollary 2.1. If we choose ¢ = 1 in Theorem 2.5, we get:

’m [(f(a%byf)(b) + (I(%ﬂ)-f)(a)} —Bn+1l,a—n)f (a ; b)‘ (2.16)
<0 B+ Lo =) = B+ 2.0 =) (1f (@] + 17 0)])

Remark 2.2. If we choose o = n + 1 in Theorem 2.5, we get the inequality (1.4) as in the
Theorem 1.2.
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Theorem 2.6. Let f : [a,b] — R be a differentiable mapping on (a,b) with a < b. If |f'|? is
convex on [a, b], then the following inequality for conformable fractional integrals holds;

20— 1!
(b—a) {(I( =

b—a, o [ (17 @ 37 O\ (3 @+ [ )]
< [( 1 ) +< 1

b—a
4

2.17)

1))+ (I(ab)—f)(a)} —Bn+1la—n)f (a—;b>

2

<

Ql7 (I (@) + 11 ®)]

1
whereQ:/ (Bt(n+1,a—n))pdt,%+%:1, g>1.
0

Proof. Taking modulus in Lemma 2.2 and using the well-known Hoélder inequality with
convexity of | |7, we get;

20— 1p)
(b—a)e [(I( afe

b—a{ / Bin+1,0—n)f (;a+2;tb>dt‘
/OlBt(n+17a_n)f/ (2;ta+ ;b) dt’}
e [ 55591
+[/01 (Bt(n+1,a—n))pdtr“01 / (2;ta+;b) th}i}
b4anl (By(n+1,a —n)) dtr
T
oo Liml)

[ eyl

y [(lf’w Z3|f'(b)lq>1 ) (3|f'(a>qZ |f/(b)|q);].

Let ay = 3f (a)|%, a2 = |f (@)|%, b1 = 3| (B)[7, by = [f (B)|7 . Here,0 < I < 1 for
q > 1. Using the fact that,

2

D0 + Uy N0 - 7 (%57 | @18)

IN

_|_

IN

IN

IN

Q

Z ar+b;)° <Y ap+ > b
k=1 k=1 k=1
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For (0 <s<1).,a1,as...,an, >0, by,bs...,b, > 0,we obtain

S gy DO + Uy 0] -1 (45) 2.19)
< bl_ﬁa {4/01 (Be(n+1,a —n))”dtr
<[ (£ @r+alr @) + (317 @I+ 15 ) ]‘1‘
< vetli [ s —mya] 6t e [ @117 0]
< e [4/ (Bi(n+ 1.0~ n))”dt} g £ @] +1f ®)]
which completes the proof. O

Remark 2.3. For o = n + 1, by considering the fact that

¢ ¢

ta

Bi(n+1l,a—n)= / 2"(1—z)* " ldz = / e = —
0 0 o

inequalitiy (2.17) in Theorem (2.6) becomes inequality (15) as in Theorem 1.3.
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