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Abstract

In this study, the authors establish and generalize some inequalities of
Hadamard and Simpson type based on s-convexity in the second sense. Some
applications are also given and generalized. Examples are given to show the
results. The results generalize the integral inequalities in articles of Sarikaya
and Xi.
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1 Introduction

To establish analytic inequalities, one of the most efficient way is the property of con-
vexity of a dedicated function. Notedly, in the theory of higher transcendental func-
tions, there are many significant applications. We can use the integral inequalities
in order to study qualitative and quantitative properties of integrals (see [9, 10, 13]).
Thing continuing to bewilder us by indicating new inferences, new difficulties and
also new open questions are a major mathematical outcome.

The Hermite-Hadamard inequality: Let ¥ : J C R — R be a convex function
and a1, a0 € J with a1 < as.

(1) Q<a1+a2>§ 1 /a2w(%)d%<\p(a1)+xp(a2)

2 a2 — a1 Jq, - 2
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If W is concave, this double inequality hold in the inverse way. See [3, 10] for details.
The Simpson inequality:

@) ‘1[\Il(al)+\11(a2)+2\y<a1+a2>}_ 1 /azw(x)d%‘

3 2 2 ag — aq a1

1
< — \11(4)H — )
= 1280 H (a2 =),

where the mapping ¥ : [a1,a2] — R is assumed to be four times continuously
differentiable on the interval and ¥™) to be bounded on (a1,as2), that is, H\I/(‘l) Hoo =

SUD/e (a1 ,a) |\1!(4) (t)| < 00. See [1, 4, 11, 12] for details.
The Bullen inequality:

(3) @ial/a:mqj(%)d}fgi \If(a1)+\1’(a2)+\1]<a1—;—a2)]7

provided that ¥ : [a;, az2] — R is a convex function on [a1, az]. (see for example [5,
p.10]) for details.

In [7], Hudzik and Maligranda considered among others the class of functions
which are s-convex in the second sense. This class is defined in the following way: a
function ¥ : Ry — R, where Ry = [0, 00), is said to be s-convex in the second sense
if

T(ad+(1—-a)p) <a®TA)+(1-a)" ¥ (u)

for all \,p € [0,00), a € [0,1] and for some fixed s € (0,1]. This class of s-
convex functions is usually denoted by K?2. It can be smoothly seen that for s = 1,
s-convexity reduces to the ordinary convexity of functions defined on [0, 00).

Recently, in [11, 12], Sarikaya et al. presented the important integral identity
including the first-order derivative of W to establish many interesting Simpson-type
inequalities for convex and s-convex functions.

Meanwhile, in [14], Xi et al. presented the following two important integral
identities including the first-order derivatives to establish many interesting Hermite-
Hadamard-type inequalities for convex functions.

In this study, some new Hadamard and Simpson type integral inequalities for
differentiable functions are established, and are applied to produce some inequalities
of special means. Examples are given to show the results. The results generalize the
integral inequalities in [12] and [14].

2 Main results for s-convex functions

To demonstrate our main results, we need the following lemmas that have been
derived in [14]:
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Lemma 1 [1}]/Let ¥ :J C R — R be differentiable function on J°, ai,as € J, with
a1 < az. If V' € La,as) and A\, pu € R then

(4)

)\\I’(al)+ﬂ\ll(a2)+2_/\_M\p<a1+a2)_ L /aQ\p(%)d%

2 2 2 az —ax
_ 1
- & al/ [(1)\a)\11’<aa1+(1a)a1+a2>
PR 2

a1 + ag

al

Hu- v (a5 1 a)en) | da

Lemma 2 [1/]For >0 and 0 <~ <1, one has

1 w41 n+1
S ol Gt )
5 —a|fda =
(5) | ol o Ly
[[ah-aan = TR D0y
0 (e +1) (> +2) '

Theorem 1 Let ¥ :J CR — R be differentiable function on J°, a1,a2 € J, 0 < A,
p <1, and V' € Llay,as]. If |¥' (5)|" is s-convex function in the second sense on
[a1,a2] for some fized s € (0,1], p,r > 1, 1/p+1/r =1, then

(6)
_ )\ — az
AU (ar) +p¥fag)  2-A—pg (arta) 1 / W () doe
2 2 2 as — ag ai
1
as — aq (1_>\)P+1+)\p+1 P
- 4 p+1

Sl

25t 1, . 1 , r
<y W @)l + g 1))

1
+a2 — (Merl _i_(l_ﬂ)p-i-l)?

4 p+1

2s+1 -1

1 / T !/ T
(Fmr ¥ ol + g v )

Proof. Assume that p > 1, by Lemma 1 and using the well known Holder
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inequality, we have

_ _ az
)\\Il(al)+/,tlll(a2)+2 A Py (omta) 1 /\Il(%)d%
2 2 2 az —ay
_ 1
< 2 a1 [/ 1—X—a||¥ (aa1+(1 a)ch;a2> da
/|,uoz| <a1+a2+(1a)a2>‘da]
1 ) , 1
— p s
< 274 (/ \I—A—a]pdt> (/ \P'<aa1+(1—a)a1+a2> da)
4 0 0 2

_ 1 s N
R (/ lw—aff da> ’ (/ v’ <aa1+a2 +(1—-a) a2> da) :

Since | ¥’ (5)|" is s-convex on [ay,az], then we get

1 r
/ \I/’<aa1+(1—a)a1;a2>‘ do
0

1 S o s

< / ((1—;@) ‘\I//(al)‘r—l-(lQa) ‘\I//(az)‘r> do
0

IR R . 1 , .

= 2ery V@l ey Ve

and

INA
c\
2.
VR
—~
Q
N
&
8
-
w+
T~
[\
o |
Q
N———
vy
&
=
NS
~
o8
Q

1 , pooo 25t r
T2 (s—i—l)‘ () +2S(s—|—1)’ ()
where we have used the fact that
1 1 — \)Pt! p+1
|1—)\—a|pda:( N+
0 p+1

and

1
[l apan
0 p+1

This completes the proof.
If taking A = p in Theorem 1, the following corollary derived.
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Corollary 1 Let ¥ : J C R — R be differentiable function on J°, ai,as € J,
0<A<1,and V' € Llay,ag). If |¥' (3)|" is s-convex function on [a1,az] for some
fized s € (0,1], and 1/p+ 1/r =1, then

(232 2 [
as — ay (1 _ /\)p-f-l + Py %
- 4 p+1
s+1 P
S Gam e+ gy ver)

Remark 1 In Theorem 1, if we take A = u = 1/3, then Theorem 1 reduces to [12,
Theorem 9]. Hence, generalizations of the results of Sarikaya et al. in [12]. is the
resulted in Theorem 1.

If we take s = 1 and A = pu = 1/2,2/3,1/3, respectively, in Theorem 1, the
following inequalities can be deduced.

Corollary 2 Let ¥ : J C R — R be a differentiable function on J°, ai1,a0 € J
with a1 < ag, and V' € Llay,as]. If |V’ (x)|" is convex function on [ay,as] for
1/p+1/r =1, then

2 2 B a2 — a1 Jgy

ag — aq
8(p+1)Pat/r
X [(3]9" (@0)]" + ]9 (a2)]")

[q;(al) + U (ag) e <a1 +a2)] 1 /a2 %0 d%’

N |

3=

+ (| (a0)]"+ 3] (@)])]

‘; [\I} (a1) + W (ap) + ¥ (al;r@)] - agial /:Z\If(%)d%’
ag—a1<(1+2m1)>;

IN

4141/r \ 301 (p + 1)

X {(3 ’\If/ (a1)|T + ‘\I’/ (ag)‘T)% + (’\If/ (a1)|T +3 |\I// (ag)‘r)ﬂ
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6 2 as — aq a1

v+ o (5] - Lo [Mwinad

1
< as — aq (1+2p+1) P
= qi/r 3l (p+1)

X [(3 9 (a)|" + ¥ (@2)]") + (| ()] + 3| (ag)\r)%}

If taking A = p = 1/2, in Theorem 1, the following inequalities can be deduced.

Corollary 3 Let ¥ :.J CR — R be a differentiable function on J°, a1,as € J, and
V' € Llay,as]. If |V (32)|" is s-convex function on [ay,az] for some fized s € (0,1],
and 1/p+1/r =1 and

V(ar) + ¥ (az) _ N <a1 —I—a2>

then

IN

1 , o2t P\

Corollary 4 In Theorem 1, when s, \, u, p, v are taken like in the following, we

obtain
i) For s =03,A=03,0=03,p=2,r=2in (6),

30 (a1) + ¥ (a2) L (a1+a2) . 1 /@\p(%)d%‘

10 2 T30 2 T e
1
< W [(0.914\\If’(a1)\2+0-625\‘I"<a2)|2>2

1
+ (0625 W' ()| +0.914 |9 (a2)[*) 2] ,
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i1) Taking s = 0.5,A = 0.5, =0.5,p = 2,7 =2 in (6) gives;
1w v 1 a2
et s g ()] Ly

5 2 2 a2 — a1 Jq,
0.289 (a2 — :
< (Cf‘“) [(0.862 |9 (ar)[* + 0.471 [0/ (“2)’2> 2

1
+ (0.471 W' (a1)|? + 0.862 |0’ (a2)|2> 2] ,
iti) Taking s =0.75,A = 0.3, = 0.7,p = 10,r = 10/9 in (6) gives;

‘S\P(al)ww@) 1 <a1+a2>_ ! /“2w<%>d%‘

—-U
+2

20 2 a2 — a1 Jgy
9
< 0.531 (@ = a1) (ZQ —a) [(0.803 |’ (al)}lo/g +0.34 |9 (az)‘w/g> N

9
+ (034 ]9 ()| +0.803 |9 (a)| ") 10} ,

) Taking s = 0.4,A=0.2,u=0.8,p=3,r =3/2 in (6) gives;

U (a1)+4f (a2) —f—l\l’ a1 + as B 1 /az\ll(%)d%
10 2 2 ag — aq a1
0.468 (as — 3
< (a:‘“) [(0.887\\11’ (an)|"* + 0541 [/ (a) ")

2
+ (0.541 W (a1)[*? + 0.887 |/ (ag)}‘”) 3] :

v) Taking s = 0.4,A=02,0=08,p=e,r=¢/(e—1) in (6) gives;
‘\Il(a1)+4f(a2)+1qj<a1+a2>_ 1 /

a2

U () d%’

10 2 2 as — ag al
0.455 (ag — e/(e— e/(e—1)\ 1
< (‘f‘“)[(o.ssﬂ\y'(al) [ 4 0541 [0 (an)[77V)

+ (0541 [0 (a)] 7 4 0,887 | () [7/) _1] |

vi) Taking s = 1,A=1/3,u=2/3,p=1r =2 in (6) gives;

\I/(a1)+2f(a2) 1 a) + as 1 a2
‘ G +2\If( 5 >_a2—a1/ \P(%)d%'<

as — aq
12

al

N

|G s 5w ) « (51w o« v e

etc.
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Theorem 2 Let ¥ :J C R — R be differentiable function on J°, a1,as € J, 0 < A,
p <1, and V' € Llay,as]. If |V’ (5)|" is s-convex function in the second sense on
[a1,az] for r > 1, then

— — a2
AV (a1) + p¥ (ag) n 2—-X P (omtay 1 / ¥ (50) doe
2 2 2 az — ay

s — ay 1 1/r
® = —3 (2s—1(s+1)(s+2)>
{((2)\2 _on+ 1)>l—l/r v [E ‘\Ifl (al){r s ‘\I// (QQ)’r]l/r

(=2 1) | @)+ (a1

1-1/r

where

= (2@-N"+ -1 (s+ 224 2) + 27 A - 1)
(2)\5+2+5 (1—=X) =22 +1)

= (2 +s(1—p)—2u+1)

= (202—p)?+ (,u—l)(s+2s+2+2)+28+1su—1).

S BN S &S

Proof. For r > 1, by using Lemma 1, the s-convexity of |¥’ (5)|" on [a1,as] and
the famous power mean inequality, we can hold

¥ v 2—-A— 1 a2
o) o) 220y (o) L [y 0
2 2 as — aq

< a2_a1 [/ 1—X\—al|¥ (aal—i-( a)al—;@> da
/\,u—oz| ( a1+a2+(1—a)a2> da]
a — a 1-1/r
< =2 1{</ |1—)\—a\da>
4 0

[ () e+ (52) ) da]”’“
+ </1 |M—a|da>11/r
[/ \M—M( ‘\Iﬂ D[+ (2;a>8|\11/(a2)‘r> dt]l/r}
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By direct calculation, we obtain

/\1—)\— <<1+a) \\Iﬂ(al)\’"+(1;O‘>S\\Iﬂ(a2)\’">da

\If/
= [¥7 (@) a1| / 11— al(1+ «a)’da

\I//

‘ a2‘ / 11— al(1—a)’da
|\IJ’(a1 s+2 +2 +1

2(2—-X A—1 2° 2 25T s\ —1

2(8+1)(8+2)<( P (A= 1) (s+ 272 4 2) + 2°H s )

' (a)]"

TG T (1D A2+ s(1—N) —2)+1)

Similarly, we have

/ |,u—oz|< |0 (an)]" + <2;O‘>S}\1ﬂ (ag)\r) da

\II/ Tl T 1
_ el |Ma]ozsdt+|(a2)|/ b —al (2= a)’da
A 0 28 0
¥’ (a1)]" +2
2 1—p)—2u+1
e (siy 0t =2t
+ |\Ijl(a2)|T (2(2_M)S+2+(M_1) (S+25+2+2)+2S+13M—1>
25 (s+1)(s+2)

1
1
/ |1—)\—a|da:§(2)\2—2)\+1)
0

1
1
/ |,u—oz\da:§(2,u2—2u+1)
0
Replace with the above four equalities into the inequality and the proof is finished.

Remark 2 In Theorem 2, if we take s = 1, then Theorem 2 reduces to [14, Theorem

3.1]. Hence, the result in Theorem 2 is generalizations of the results of Xi et al. in
[14, Theorem 3.1].

If taking A = p in (8), we derive the following corollary.

Corollary 5 Let ¥ : J C R — R be differentiable function on J°, ai,as € J,
0<A<1,and V' € Llay,ag]. If |¥' (3)|" is s-convex function on [a1,az] for some
fized s € (0,1], and r > 1, then

AU (al) + AU (ag) 2 -2\ ai + as 1 a2
\\)J _
' 2 T 2 a2—a1/ W () doe
S as? — aj ((2)\2_2)\_1_1))1—1/7"

8(2571 (s +1) (s +2)"/"

{19 (@) B+ ¥ ()] L]

+ |9 (@) L+ [ (a2) E] "
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where E and L are like above.

If taking A = u = 1/2,2/3,1/3, respectively, in Theorem 2, the following inequalities
can be deduced.

Corollary 6 Let s € (0,1] and ¥ : J C R — R be differentiable function on J°,
ai,ay € J with a1 < ag, and V' € Lay,as]. If |V (5)|" is s-convexr function on
[a1,az] for some fized s € (0,1], and r > 1, then

‘; [\ll(al)—l—\lf(ag) u <a1+a2>] 1 /GQ\IJ(%)d%’

2 2 as — aq

> —ay 1 1-1/r
S et D) <2>

35+2 2s+2 4+ 5— 25+18 14 , -
A (G- ) | @)

(]
[<2 + 28+1> [ ()]

s 25+2 +5— 28+1S+4 1/r
+ (- LIl

_l’_

2

‘;[\Il(al)+\11(a2)+\11<al+a2>]— ! /ajz‘l’(%)d%’

2 as — aq

IN

as — ay 1 1-1/r
8(25-1 (s + 1) (s + 2))/" <2>

225+5 28+2 . 25+2 5
B vy

3s+2 3
_1 9s+3 . 1/r
* <s 3 3S+2> ¥ (a2)] ]
25—4—3 -
K 3s+2> ‘\III (al)‘

22s+5 2s+2 1Ls— 25+2S +5 1/r
! (38+2 - 3 )W (GQM |

+
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2 as — aq

‘é[\I/(al)+\11(a2)+4f(a1+a2>]— ! /{:2@(%)@{‘

IN

as — ay 1 1-1/r
8(25-1(s+1)(s+ 2" (2)

2x 55t2  9st3 4 99 ostlg 7 ,
{5 )

3s+2 3

25+ 1 YT
+ < 38+2> W' (az)] }
2s+1 r
+|: 3s+2> ‘\Ij/ (al)‘
% 5s+2 25+3+25 25+15+7 , 1/r
+< 3512 3 ) }‘I’/ (az)‘ } .

Remark 3 If setting s = 1 in above Corollary, then we obtain the inequalities in
[14, pp. 6 and 7].

Remark 4 If setting s = 1 and r = 1 in above Corollary, then we obtain the
inequalities in [14, (3.7)]. Hence, the results in above Corollary are generalizations
of the results of Xi and Qi in [14).

3 Applications

Let
Afaras) = T2 Llana)= 27" (4 #ay)
’ 2 ’ Inas —Inayg ’
;2)+1 a7f+1 1/p
L , = , , PER, —1,0
p (a1, a2) (p+1) (a2 —a1) a1 # az, p p#

be the arithmetic mean, logarithmic mean, generalized logarithmic mean for a1, as >
0 respectively.

Propertie 1 Let g: R — Ry be a non-negative convex function on R. Then g°()
is s-convex on J, for some fixed s € (0,1) (see [1]).
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Proposition 1 Let s € (0,1], aj,a2 >0, 1/p+1/r=1,0 <\, u <1, then
Au® 4+ pv® 22— —
2“ + P A (a1, a) — L (a1, a2)

1 1
as — ay ((1 _ )\)p+1 + )\p+1> P (S (2s+1 _ 1) a;(sfl) spT(s—1) ) "

<
= T pr1 3+l o (s+1)

1
T

1
L (MPJrl +(1— M)p+1> v < A L8 (2541 = 1) a;(s—1)>
1)

4 p+1 25 (s+1) 2% (s +
In particular, when X\ = =1, we have

[A(ai, a3) = Lg (a1, a2)]

1
< —a (1 v (s (2 -1 ag(s_l) n spr(s=1) \ 7
- 4 p+1 25 (s+1) 25 (s+1)
1
+(Z2 —aq 1 % Sa;(sfl) N s (25+1 _ 1) ag(sfl) r
T 1) 6T 26

Proof. The claim follows from Theorem 1 applied to s-convex in the second
sense mapping WU () = s°.

Remark 5 In Proposition 1, if we take A = pn = 1/3, then Proposition 1 reduces to

[12, pp. 2198]. Hence, the results in Proposition 1 are generalizations of the results
of Sarikaya et al. in [12].

Proposition 2 Let s € (0,1], aj,aa >0, r>1,0< X, u <1, then

Aaj +pay 2 — N —
‘ 12F‘ 2 4 : 'uAs(al,ag)—L::(ahCLQ)

s (as — ay) 1 Lr
= g <281 Gt 1) (s—l—2)>

X {((2)\2 _oN 4+ 1))1—1/7“ % [ag(s—l)E + a;(s—l)L}

1/r

—1/r r(s— r(s— /r
+ (22 =24+ 1)) 7 [T 4 ey }
In particular, when A\ = =1, we have

|A(ai; a3) = L (a1, a2)]

S (a2 - (11) 1 Y r(s—1) s+1 r(s—1) /r
< 1 2
= 8 (25_1(3+1)(3+2)) XU sz e

)
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Moreover, when r = 1, we have

(14 52°) (ag — a1)
25(s+1)(s+2)

2
s 1 s
|A (a1, a3) — L (a1,a2)| < x A(af a5t

Proof. The claim follows from Theorem 2 applied to s-convex in the second
sense mapping ¥ (s) = »°.

Proposition 3 Let s € (0,1], aj,a2 >0, r>1,0< X, u <1, then

(9)

5 5 (a1,a2) — LZ: (a1, a9)

s(ag —aq) 1 Lr
= g (281 G+1) (s+2))

. {((m2 —on 4 1) s a0 B gy eI L]

’)\a_s+uv_5+2—)\—uA_S

n ((2M2 o+ 1))1—1/7' y [al—r(s+1)J+ a2—7‘(s+1)F:| 1/r}

In particular, when A = p = 1/3, we have
1 —-s _—s gAfs I
3A (a1 , ) + 3 (ar,a2) — L3 (a1,a2)

: 8(a28— S <251 (s +11) (s + 2)>1/T <S>H/T

{ [ (2 x 552 2513 4 95 — 25tlg 4 7> —r(s+1)
X — a
; o)

2s+1 2 —r(s+1) L
+< 3 +38+2>‘“2 ‘

2541 2 —r(s+1)
* K 3 3s+2) ’al ‘

<2 % 5s+2 25+3 + 925 — 25+1S + 7> ‘ar(s+1)” l/r}

3s+2 3 2
Moreover, when s =1 =1, we obtain

1 o 2 _ 5 9 _
’3A (all,a21)+§A 1(a1,a2)—L_i(a1,a2) < (ag—al)%A (alz,a22),

that it is the inequality in [12, pp. 2199, line 2].

Proof. The claim follows from Theorem 2 applied to s-convex in the second
1

Pl

sense mapping ¥ (x) =
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Remark 6 If we take A = pu = 1/3 in Proposition 3, then inequality (9) reduces to

[12,

pp. 2199]. Hence, the results in Proposition 3 are generalizations of the results

of Sarikaya et al. in [12].

References

1]

[11]

[12]

[13]

M. Alomari, M. Darus, S. S. Dragomir, New inequalities of Simpson’s type for
s-convex functions with applications, RGMIA Res. Rep. Coll., Article 9, vol. 12,
no.4, 2009.

G. A. Anastassiou, Taylor Widder representation formulae and Ostrowski,
Griiss, integral means and Csiszar type inequalities, Comp&Math Appl., vol.
54, 2007, 9-23.

M. Bessenyei, Z. Péles, Characterization of convezity via Hadamard’s inequality,
Math. Inequal. Appl., vol. 9, 2006, 53-62.

S. S. Dragomir, R. P. Agarwal, P. Cerone, On Simpson’s inequality and appli-
cations, Journal of Ineq. and Appl., vol. 5, 2000, 533-579.

S. S. Dragomir, C. E. M. Pearce, Selected topics on Hermite-Hadamard inequal-
ities and applications, RGMIA monographs, Victoria University, 2000.

J. Hadamard, Etude sur les propriétés des fonctions entiéres en particulier d’une
fonction considérée par Riemann, J. Math. Pures Appl., vol. 58, 1893, 171-215.

H. Hudzik, L. Maligranda, Some remarks on s -convex functions, Aequationes
Math., vol. 48, 1994, 100-111.

D. S. Mitrinovié¢, 1. B. Lackovi¢, Hermite and convexity, Aequationes Math.,
vol. 28, 1985, 229-232.

D. S. Mitrinovic, J. E. Pecaric, A. M. Fink, Classical and New Inequalities in
Analysis, Kluwer Academic Publishers, 1993.

C. P. Niculescu, L. Persson, Convex Functions and their Applications, A Con-
temporary Approach, in: CMS Books in Mathematics, 23, Springer-Verlag,
New York, 2006.

M. Z. Sarikaya, E. Set, M. E. Ozdemir, On new inequalities of Simpson’s type
for convex functions, RGMIA Res. Rep. Coll., Article 2, vol. 13, no. 2, 2010.

M. Z. Sarikaya, E. Set, M. E. Ozdemir, On new inequalities of Simpson’s type
for s-convex functions, Comp&Math Appl, vol. 60, 2010, 2191-2199.

S. Wu, L. Debnath, Inequalities for convex sequences and their applications,
Comp&Math Appl., vol. 54, 2007, 525-534.



Some Hadamard and Simpson type inequalities 39

[14] B. Y. Xi, F. Qi, Some Integral Inequalities of Hermite-Hadamard Type for
Convex Functions with Applications to Means, Journal of Function Spaces and
Appl., Article ID 980438, vol. 2012, doi: 10.1155/2012/980438.

Musa Cakmak

Hatay Mustafa Kemal University

Reyhanli Vocational School of Social Sciences
Hatay, Turkey

e-mail: enkucukcakmak@gmail.com

Mevliit Tung

Saraykent M. 273. S.

Antakya, Hatay, Turkey

e-mail: mevluttttunc@gmail.com



