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Abstract. The main objective of this article is to obtain some new estimates related to Hermite-
Hadamard-like integral inequalities essentially using the class of s-convex functions. For this
we first derive a new integral identity which will serve as an auxiliary result for obtaining the
main results of the article. Several new and known special cases are also discussed. In the last
some applications to means of real numbers are also discussed in detail which elaborates the
significance of the obtained results.
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1. INTRODUCTION AND PRELIMINARIES

Convexity due to its numerous applications has attracted considerable number of
researchers. As a result several new generalizations of classical convexity have been
obtained in the literature. For example, see [2, 3,8,9, 11, 12]. Among these new
generalizations s-convexity which is due to Varosanec [14] is one of the most charm-
ing generalization of classical convexity. It not only unifies the classical convexity
but also some of other its generalizations, such as it generalizes Breckner type of
s-convexity [1], Godunova-Levin type of s-convexity [4], P type of functions [7], Q
type of functions [10] and #gs-convex functions [13].

The class of #-convex functions reads as:

Definition 1. Let 4 : (0,1) — R be a real function. We say that f: I — R is an
h-convex function, if

flex+(1=1)y) <h(t)f(x) +h(1=1)f(y),Vx,y € 1,1 € (0,1).

Now one can easily observe that for different suitable choices of the function A(.),
we have different classes of convex functions. For details, see [14]. Another fascin-
ating aspect of theory of convexity is its close link with theory of inequalities. Many
inequalities are direct consequences of the applications of classical convexity. A res-
ult in this regard, which is due to Hermite and Hadamard and is commonly known as
Hermite-Hadamard’s integral inequality. It reads as:
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Theorem 1. Let f : I = [a,b] C R — R be a convex function. If f € L[a,b], then

f<a—|—b>§ ! a/bf(x)dng(a)+f(b)-

2 b—a 2

This result through its simplicity yet having a number applications has attracted
several researchers from all over the world. Consequently many new generalizations
of this result have been derived in the literature. For more information, see [5,6, |1,

» 15].

The main objective of this article is obtain some new refinements of Hermite-
Hadamard’s integral inequality. For this we derive a new integral identity for differ-
entiable functions. This identity will serve as an auxiliary result for obtaining main
results of the article. We also discuss several new special cases in detail. In the last
we present applications of some of the proposed results to means of real numbers.

2. AUXILIARY RESULT

In this section, we derive new integral identity which will play significant role in
obtaining main results of the article. Before we move further, for simplicity, we let

1
= a4t poand Q= at—"—b,
n+1 n+1 n+1 n+1

Lemma 1. Ler f: I — R be differentiable function on I° , a,b € I with a < b. If
f' € Lila,b],0 < Au<1andn e N* then we have

o)~ ;1o | [ s [ e

_ b—a 1 , [ n+t 1—t¢ , t n+1—t
7mx/o {(lkt)f (n+1a+n+1b>+(yt)f (n+1‘”r n+1 b)}dt’

where

Q

o(n; A, p;a,b)
1 1 1
= [Kf(a)—i—(l—?»)f(nila-i-mb)—&-(1—,u)f<n+1a+nilb) —|—,uf(b)}
Proof. Take
b—a (! ,(n+t 1—1t Ot n+1—t
I:(n+1)2/0 {(l_x_t)f (n+1a+n+1b>+(“_t)f (n+1a+ n+1 b)}dt
b—a
Zm(ll—&-b)- (2.1)
Now

1 n+t 1—1t
I = L—A=0)f
, /0( h—t)f (n_Ha-l—n_Hb)dt
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“ia o nr (e e) - (e asie) ol

Putting x = 44 1=L} in the above equality, we have

n+1 n+1
n+1 n 1 n+1
h= [M( J+( Mf(n—i—la—’—n—i-lb)_b—a a

Q
- f(x)dx], (2.2)

1 Lt n+1—t
12:/0 (=01 <n+la+ n+1 b)dt
n+1 1 1 t n+1—t

: _t nt+l—tyg - :
Using x = —7a+ %77 b in above equality, we have

Lot [(1—‘11)]((1 at >+uf(b)—’;: Qif(x)dx] 2.3)

b—a +1 n+1
Utilizing the values of /; and I, from (2.2) and (2.3) in (2.1), we have

1= 2= n+1{xf(a)+(lk)f< o j_]b)

(n+12b—a
S [ ek - L“ i0) +uro) 550 [ e
1 n
— g @ -7 (i ) ( u)f(mwmb)wf(b)}
1 Q b
- [ ™ e ,4.a+mf(")dx] .
This implies
o(m; A, u;a,b) — b[/ flx dx—|—/f }
n—+t 1—1¢ , t n+1-—t
[ <n+1a+n+1b)+(y—t)f (n+1a+ L b)]dt,
where
MWKMGW

L @ 0o (e e e (e ) aro)].
O

n+1

This completes the proof.



596 M. U. AWAN, M. A. NOOR, F. SAFDAR, A. ISLAM, M. V. MIHAI, AND K. I. NOOR

3. RESULTS AND DISCUSSIONS
In this section, we derive our main results.

Theorem 2. Let f : I — R be differentiable function on I° , a,b € I with a < b. If
|f'| is h-convex function, 0 < A,u < 1 and n € N*, then we have

00w hogia,b) [ agl Fx)dx+ Qi f(X)dX] ‘
< oo @) | @)+ B0 |6
where
oc(t):/ol [(l—k—t)h (Zii>+(u—t) (nilﬂdt,
and

B(t):/ol [(l—k—t)h (i;i) (1) (”:il_tﬂ dr.

Proof. Using Lemma 1, we have

ottsia)— 1 [ [ e [ rwad|

| b—a ! ,(n+t 1—t¢ Ot n+1—¢

Take

I:’q)(n;hp;a,b)—b]a{/a dx+/

o
< oot [ =nmalr (e a250) [+l

Since |f’| is an h-convex function, we have

(e

r<qirte, [ () veorm (v
ez gl
::é:fpélﬁu_x_~¢7+’)+w—mln+1)}
U ) R & NS
'¢(n hsa.b) - [/ f(x)dx+/ng(x)dx}




HERMITE-HADAMARD TYPE INEQUALITIES WITH APPLICATIONS 597

b—a

S Eie [a(e) |/ (a)| +B(0) | £ ()], 3.1)

where

1
oc(t):/o [|1—x—z|h (Zii)ﬂy—ﬂh <njrl>}dt (3.2)
and
1 1— 1—

B(t)z/o [ll—l—t!h (n+i>+|“_t|h<n:+1 t)]dt. (3.3)
This completes the proof. U

Now we will discuss some special cases of the Theorem 2.

(i) Whenh(r) =1

Corollary 1. Let f : I — R be differentiable function on I° , a,b € I with a < b. If
|f'| is P-function, 0 < A,u < 1 and n € N*, then we have

bia [/Q f(X)dx+/£: f(x)dx]

(A2 +42) = ) + 1] (If (@) + 1 (D)) -

O(m; A pza,b) —
b—a
(12

(i) When h(r) =t

<

Corollary 2. Let f : I — R be differentiable function on I° , a,b € I with a < b. If
|f'| is classical convex function, 0 < A,u < 1 and n € N*, then we have

o(m; A, w3, b) — ﬁ [/an. f(X)der/g:f(X)dX]
< b—a x[
6(n+1)3
+ {3(1+n) =3(1+2n)u—3h+6(1+n)u* =2 (1 =X)L |£'(b)]] -
(iii) When h(r) =¢*

{3(14+n)=3(1+2n)A=3u+6(1+n)A* =2 (A — 1) } | f ()]

Corollary 3. Let f : I — R be differentiable function on I° , a,b € I with a < b. If
is Breckner type of s-convex function, 0 < A,u < 1 and n € N*, then we have
!

Q
otgia) 1| [ rwac [ g
b—a
(n+1)2(s+1)(s+2)
+ (5 +2)(n+ D) A=n" — (n 4 1) 4202 4 (54 2) (1 — ) = 1} | f'(a) |

< x [{(s+2) (A= Dn* T +2(1 = A +n)**?
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{22 4+ (s +2) (1 =A) = 1+ (s +2)(u— D +2(1 —p+n)*+2
+ (s+2)(n+ 1) u—n"2 — (n+ 12} £ (b)]7] .
(iv) Whenh(t)=1¢"*

Corollary 4. Let f : I — R be differentiable function on I° , a,b € I with a < b. If
|f'| is Godunova-Levin-Dragomir type of s-convex function, 0 < A,u < 1 and n € N*,
then we have

(l)(n;?»,,u;a,b)_bia { aglf(x)dx—l—/gif(x)dx”
< e < {9 D 20—
+2=5)n+ )" h=—n? T = (n+ 1) 2P+ (2= 5)(L—p) — 1} | f(a)|
{2+ 2-5)(1=A) =1+ (2 —s)(u—Dn' = +2(1 —u+n)**
+ 2=5)(n+ 1) u=n7 = (n+ 12} F(B)]] -
(v) Whenh(t) =t(1—1)

Corollary 5. Let f: I — R be differentiable function on I°, a,b € I with a < b. If
|f'| is tgs-convex function, 0 < A,u < 1 and n € N*, then we have

‘q’(n;k,,u;a,b)— bia [/HQI f(x)dx—l—/gbzf(x)dx}

< {(b—a)igf(;gcﬂl‘;‘Jf’(a)D} X [2(143n) (u—2) +4(1 +n) (1B +23) —2 (1 +14)].

Theorem 3. Let f: 1 — R be differentiable function on I°, a,b € I with a < b. If
|f'|2 is h-convex function, 0 < A,u < 1 and n € N*, then for %4—% =1,49g>1, we
have

O(ns A, usa,b) —

1
b—a

1[;2‘]‘( X)dx+ f H

< oot () [ e e et )

where
= (@i [ (2o (0w,
ko= (Ir@r [ n <njrl>dt+!f’(b)!"/01h(n:}rl_t>dt);.

and
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Proof. Using Lemma 1, we have

‘q)(nxy,ab [/ fx dx—i—/ ”

(n+1)? n+1  n+l

Now using the property of modulus, we have

—n+1 [/’1 it

<n+t

_ 1 _
bi"/o (1xt)f'<”+’a+“b> Hu—

n+1—t

—1
+/ it <n+1 n+1

_(f;ﬁ{h+b]

Using Holder’s inequality, we have

/|1— 1|7 ("“ _tb> dr
n+1
! v +1
< 1—-A—t]"d / (2
<(f-n- t>(0f<n+1

1,1 _
where;—ka—l.

t n+1—t
Hf b)|del.
)f <n+1“+ ntl )] ‘

(), s, b) — [/ Flx dx+/f H

dr

+1b>

/1 P = (1—n)Pt! +<;b)p+1‘
0

p+1

Since |f’|? is h-convex, then

1 n+t q

/
7b
/0 f(n—i—l * )
n—+t q /

< dr
_/0 <n+l>|f ‘ * <

Using (3.6) and (3.7) in (3.5), we have

/|1— -y (”“ +b>

dr

dt

S((l—kﬁ::lr(k)pﬂ)p(/o (:Ii)v ‘qd;+/ ( ) (b)|‘1dt>‘1

b)'dz]
(3.4)
L=t \|9 \«
a+n+1b> dt) , (3.5)
(3.6)
) '(b)|" dt. (3.7)

1

(3.8)
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1 t n+1—t
—t||f b)|dt
/0|'u |f<n—i—1a+ n+1 )‘

Using Holder’s inequality, we have
! t n+1—t
—t||f b)|dt
/0‘“ ‘f<n+la+ n+1 >‘

1
! e t n+1—t
< —t|Pdt / ! b
_</0 =t ) (0 f(n+1a+ n+1 )

11 _
where;Jrg—l.
1 1— p+1 p+1
/\y—tV’dt:( il (3.10)
0 p+1

Now

N
dt> , (3.9)

Since |f’|7 is h-convex, then
! t n+1—t
/
b
/0 f<n+1aJr n+1 )

! t N Lofn+1—=1\\, ., 4
g/o h<n+1>\f(a)] dt+/0 h( o >\f(b)| dr. (3.11)

Using (3.10) and (3.11) in (3.9), we have

1 t n+1—t¢
—t||f b
/0 g |f(n—|—1a+ n+1 >

< ((l—y)g:lr(y)pH)} (/Olh(njrl) ’f,(a)’th+/()lh<n+l—t> ‘f,(b)’th)é-

q
dt

dt

n+1

(3.12)
Now using (3.8) and (3.12) in (3.4), we have
l Q b
‘q)(n;?»,u;a,b)—b_[ f(X)dX+/ f(X)dXH
a a Qz
1 1
b—a ;\’p+l+(177\’)p+1 ? ‘up-‘r]+(17‘u)p+l )
K K 3.13
_(n+1)2< p+1 ) 1+< p+1 > 2| O
where
1
B U (n+t . \1g Lo/ 1—t AN
Kl_(/0h<n+l>\f(a)\ dt+/oh<n+1>\f(b)| ar )"
and

ko= ([0 ) Ir@pans [Tn (M) }f'<b>!"dt);~
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This completes the proof. g
Now we will discuss some special cases of Theorem 3

(i) Whenh(r) =1

Corollary 6. Let f : I — R be differentiable function on I° , a,b € I with a < b. If
|f'|2 is P-function, 0 < A,u < 1 and n € N*, then we have

’q)(n;?»,,u;a,b)— ﬁ {/:11 f(x)dx+ /szf(x)dx”

—a +1 — APt 1177 +1 _op+l %
S(fuﬁ((m O () )X(N@W+W@W)-

(ii) When h(r) =1

Q=

Corollary 7. Let f : I — R be differentiable function on I° , a,b €  with a < b. If
|f'|2 is classical convex function, 0 < A,u < 1 and n € N*, then we have

“P(n;?»,y;a,b)—bia [/ﬂgl f(x)dx+/:2f(x)dx”

b-a (qu—xw“)i<<2n+1>|f'<a>|q+\f'<b>|4)i

SCENE

p+1 2(n+1)

WP (L= PP\ (|f @)+ 20+ )] F(B)[7 7
*( pl > ( 2nt 1) >]

(iii) When h(r) =1¢°

Corollary 8. Let f : I — R be differentiable function on I°, a,b € I with a < b. If
|f'|9 is Breckner type of s-convex function, 0 < A,u < 1 and n € N*, then we have

1 Q4 b
]¢(n;x,u;a,b>— | s | f(X)dxH

b—a (M’“Jr(l—k)P“)'l’ ((n+ 1)1 01 [F @)+ (B
~ (n+1)2 p+1 (1+s5)(n+1)s

(e >i @I+ (04 ) =0 ) | B
p+1 (1+s)(n+1)

(iv) Whenh(t)=1*
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Corollary 9. Let f : I — R be differentiable function on I°, a,b € I with a < b. If
|f'|9 is Godunova-Levin-Dragomir type of s-convex function, 0 < A,u < 1 and n € N*,
then we have

1 Q
o Ao pia,b) — [ [ flwyax+

|

Q

b—a (N’*lJr(l—?»)”“)'l’ ((n+ 1)1 —n1=) [F @)+ F (B
~ (n+1)? p+1 (I—=s5)(n+1)=s

(e (If’(a)lq+((n+1)”—n”) If’(b)lq>‘l’
)

p+1 (I—s5)(n+1)~

(v) Whenh(t) =t(1—1)

Corollary 10. Let f: I — R be differentiable function on I° , a,b € I with a < b.
If |f'|2 is tgs-convex function, 0 < h,u < 1 and n € N*, then we have

'(b(n;x,u;a,b) - ﬁ [ / P rdr+ /Q bz f(x)dx] '

b—a ()\‘p+l+(1_7\‘)p+l>;+<‘up+l+(1_’u)p+l>;
p+l1 p+1

= 1y
1
L [ G D (f @)+ [£(B)|) ]«
6(n+1)? '
Theorem 4. Let f : I — R be differentiable function on I° , a,b € I with a < b. If
|f'|2 is h-convex function, 0 < A,u < 1 and n € N*, then we have

o)~ | [ e+ [ fa

bma (1,
_ 1
< a (27\«+7hz> K1q+<.u+,u) K>

~ (n+1)?
ki= [l (n (25 @i (o ) e
k= [l (0 1@ e (T o)

Proof. Using Lemma 1, we have

‘q)(nxy,ab [/ Flx dx+/f H

I—I

where

and
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b—a [ ,(n+t 1—t¢ Ot n+1—t
— m/o _(l—l—t)f (n+1a+n+1b) +(‘Ll—l)f n+1a+ . b dr|.

Now using the property of modulus, we have

¢(nxu,ab>—bla[a fgacs [ rma|
n+t 1—1t
_n+1 [/ H=h=l)f ( +n+1b)

n+1— b
n+1 n+1

Using Holder’s 1ntegra1 inequality and i-convexity, we have
t 1
/ n—r—1]|f <”+ +b>
+1
1 -
< </ I —x—tydt>
0

1

([ —r\( (25 r@pen (ot o) a)’

dt

dz] . (3.14)

dt

< ( 01 |ﬂ—t|dt)131 y < 01 u—1] (h (nj—l) |f/(a)q+h(n+1 )lf( )q) dl)i
1 1

Using above two inequalities in (3.14), we have

ogia) | [7 race [y

1 1
1 =7 1 /1 =y
(2—?u+7u2) K1‘1+<2—H+,UZ) Ky

k= [ =a (n( 25 1@ en (201G ) ar

< b—a
~ (n+1)?

: (3.15)

where
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ko= [l (0 (1 ) i@ en (M 1w a

This completes the proof. U

and

Now we will discuss some cases of Theorem 4.

(i) Whenh(r) =1
Corollary 11. Let f: I — R be differentiable function on I° , a,b € I with a < b.
If | f'|9 is P-convex function, 0 < A, u < 1 and n € N*, then we have

1 Q b
o) - | [ gars [ ra

a Q

b—a
(n+1)?
(i) When h(t) =1

Corollary 12. Let f: I — R be differentiable function on I° , a,b € I with a < b.
If |f'|? is classical convex function, 0 < A,u < 1 and n € N*, then we have

otsiat) 1| [ rwars [ rad|

-1 a
(;_x+v> {&;ﬁ§(6w+n—®n+$k

Q=

< (W = )+ 1) (|f (@) + 1 (B)|7) 7.

< b—a
~ (n+1)?

1

+6(n—+ 1)A* —207) + 6'{;_?'3 (2- 3x+2x3)}q

1-1 /
(3w (LR e

é{;(i)r) ((3n+1) = (6n+3)u+6(n+1)> —240) }q] .

+

(iii)) When h(f) = t*

Corollary 13. Let f: I — R be differentiable function on I°, a,b € I with a < b.
If |f'|? is Breckner type of s-convex function, 0 < A,u < 1 and n € N*, then we have

‘¢(n;%ﬂ;a7b) - [ / Y fodrt I if(x)dx”
b-a [(;_H@'; { ' (@)]? ((s+2)(x—l)nf+1+2(1—x+n)s+2>

SNCES)E (nt 1y GHD(+2)
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LGt (n+1)5+2)Jr I (b)]4 <2xs+2+(s+2)(1_x)_1>}é

(s+1)(s+2) (n+1) R
( >1 é{f’ (2ys+z+(s+2)(1_u)_1>
(s+1)(s+2)
L@ ( (s+2)(u—n ‘+1+(1—u+n)~“+2
(s42)(n+ 1) p— 02— (n4 1)"2 1
+ (s+l)(s+2) )} ]

(iv) Whenh(t)=1¢"*

Corollary 14. Let f : I — R be differentiable function on I°, a,b € I with a < b. If
|f'|9 is Godunova-Levin-Dragomir type of s-convex function, 0 < A,u < 1 and n € N*,
then we have

O(m; A u;a,b) — U flx dx+/f ”

| () (B

~ (n+1)2
QYDA (e 2 F O (21N~ i
2—s) )*(m)s( (1—5)(2—9) )}

1

(1-
+(3 +,Uz) "{( ’<j (o)
|f/ 7 ((2 (u— D=5 + (1 — -+ n)>
+

1—s (2- s)

(v) Whenh(t) =t(1—1)

Corollary 15. Let f : I — R be differentiable function on I° , a,b € I with a < b.
If |f'|2 is tgs-convex function, 0 < A,u < 1 and n € N*, then we have

soshiat) =5 2| [ s [ seoad|
_ b-a <|f’(a)lq+|f’(b)|q>é (;—M;&)l;

(n+1)2 (n+1)?
1
((1 — )% (1+4n 420k —A2) . 6nx+2x—4n—1) ‘

6 12



606 M. U. AWAN, M. A. NOOR, F. SAFDAR, A. ISLAM, M. V. MIHAI, AND K. I. NOOR

) = w(2+2n— y)+6n,u+2y—4n—l ]
6 12 ’

1
+ <2—.U+,U

Theorem 5. Let f: I — R be differentiable function on I° , a,b € I with a < b. If
|f'|7 is h-convex function, 0 < A,u < 1 and n € N*, then for q > 1, we have

1 Q b
ottsia) L[ [ s [ rad | <

b—a
CESIERARR)
where
1

n= |ty [ At ol @l b ol @) o

n+1

and
1

1 q
b= Hl / Iﬂ—t!q{h(t)lf'(a)qurh(nJr1—f)lf'(b)lq}df]

Proof. By h-convexity of |f’(x)|? on [a,b], Lemma 1, and Holder’s integral in-
equality, we have

ottgia) 1| [ racs [ g

b—a
b—a N 1 ! q
< - o
SRS e </o dt) {n—l-l/o 1 =A=l

1-1
(-0 @+ =l @i+ ([ )

n+1
b—a

This completes the proof. g

{ /01\u—th(h(t)lf’(a)lq+h(n+1—f)lf’(b)lq)dt}q]

Now we will discuss special cases of Theorem 5.

(i) When h(r) =

Corollary 16. Let f: I — R be differentiable function on I° , a,b € I with a < b.
If | f'|1 is P-function, 0 < A,u < 1 and n € N*, then we have

q;(nxy,ab—[/ Flx dx—l—/ H
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_ =) (f @l +1f G [((1—x>q+l+xq“>4+ ((1—u>q+l+w+l>5] |

(n+1)3 g+1 g+1
(ii) When h(t) =

Corollary 17. Let f : I — R be differentiable function on I° , a,b € I with a < b.
If | f'|9 is classical convex function, 0 < A,u < 1 and n € N*, then we have

‘¢(n;7»,y;a,b) _ bia [ aﬂl f(x)dxju/gi f(x)dx”

b—a 1 0 /
S(n+LP[W+4xq+2J < [{1f (@) ((ng+2n+1-1)(1—1)*"!

F((n+ 1D)g+2(n+1) = AT 17/ (B) ((g+ 1+ M) (1= )+ £ Ag+2) b
H{IF @ (47 4 (g + 1+ ) (1 - )

PGB (4 g+ 200+ 1) — it + (ng+ 20+ 1 - )1 —u)‘f“)}ﬂ |

Letting A =u = % in Corollary 17, we have

11 1 [fla+fk) 1 n 1
¢(n’2’2a’b)_n+1[ 2 +z{f<“+ b>

n+1 n+1

+f< 1 :Jb)}}

Corollary 18. Let f: I — R be differentiable function on I°, a,b € I with a < b.
If |f'|? is convex function, g > 1, A =u= % and n € N*, then we have

h ab - aumf M+/f ”

. { j
~2(n+1)3 4(q—|—1)(q+2)
[{\f ((2ng+4n+1)+ (2(n+1)q+4n+3))+|f’(b)y‘1((2q+3)+1)}5

+ {1717 (14 2g+3)) + 7' (0)|7 ((2(n+ 1)g+4n+3) + (2ng+4n-+ 1))} 7]

Corollary 19. Let f : I — R be differentiable function on 1°, a,b € I with a < b.
If |f'|? is convex function, g > 1, A =u= % and n € N* and

f(a);rf( ) _ s <a+b>
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then
‘q)(n;;,;a,b) — bia [ agl f(x)dx—i—/gif(x)dx] ‘
= 2(2:11)3 [4(q+1§(“2)]; X {[(2’W+4'1Jr1)|f’(a)|"+(2q+3)|f’(b)|"]é

N

[0+ Dg+an+3)If @17+ |7 (B)1]

+ [ @+ @0+ Dg+4n+3) 7' ()]

+ [(2g+3)1f'(@)[7+ (2ng+4n+ DIf'(0)|7] 7 }.
(iii) When h(r) =5

Q=

Corollary 20. Let f : I — R be differentiable function on I° , a,b € I with a < b.
If |f'|? is Breckner type of s-convex function, 0 < A,u < 1 and n € N*, then we have

[ [ e ‘ <

b—a

(n 177

)q)(n;hﬂ;a,b) - [Ty + 1)

b—a
where

1
q

n:[ 1 /0111—x—t\q{(n+t)slf’(a)!"+(1—t)s\f’(b)\q}df] :

n+1

and
1

b= [nj—l /01 |:“—t’q{ts|f/(a)|q+(n+l—t)s|f’(b)|q}dt] a

(iv) When h(t)=¢"*
Corollary 21. Let f : I — R be differentiable function on I°, a,b € I witha < b. If

|f'|2 is Godunova-Levin-Dragomir type of s-convex function, 0 < A,u < 1 and n € N*,
then we have

Q b _
¢(n;x,y;a,b)_ﬁ U F(x)dx+ /sz(x)dx} ‘ < (:+ 1“)2 T+ 75,
where
* 1 ! —s| ¢ —s| ¢l g
17 = | [ A @l - el
and

I R R eI O

(v) Whenh(t) =1(1—1)
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Corollary 22. Let f : I — R be differentiable function on I° , a,b € I with a < b.
If | f'|9 is tgs-convex function, 0 < A, u < 1 and n € N*, then we have

ottt = [ [ rgac [ s

b—a 1 q
= ((n+1)3> ((q+1)(q+2)(q+3)>
(17 (@)% x {(1 =2 [n(1=n)(g+2)(g+3) + (1 —=2n) (1 =X)(g+3) —2(1 = 1)*]
—(=N)T [n(1+n)(g+2)(g+3) — (1+2n)(g+3)A+22%] }

_ =

IO x {1 =02 [g+3-2(1-2) =2(1 = 2)*] (1) [2A— (¢+3)]}]
+[1f(a) X{H‘Hz [(g+3) = 2ul(g+1) = (u—1)*2[(g+3) +2(u—1)]}
+1f'(b |q><{ I [=n(1+n)(g+2)(g+3) + (1 +2n)(q+3)u—24°]

—(u=1)"" [n(n—1)(g+2)(g+3)(u—1)"""]

(1T (1 - 2m) g+ 3) 1)+ 2(u— 1] 17

4. APPLICATIONS

Fora > 0,5 > 0and 0 < ® < oo, define

a+b Zab

bs+1_ s+1
—_— b

Lia,b) = {<s+1><b a>]’ “7
a, a=>b,
1B\

I(a,b) <> : azb
a, a=>hb,
a* + (ab)*0+ b 540

Hm,s(a>b) = ®+2
\/(/E, s=0.

These means of two positive number a and b are, respectively, called the arithmetic,
harmonic, generalized logarithmic, identric, and Heronion means respectively. Now
applying Corollary 17 to f(x) = x* for s # 0 and x > 0 leads to the following inequal-
ity for means.
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Theorem 6. Let a,b > 0,q > 1, either s > 1 and (s —1)q > 1 or s <0, then

A(a*,b*)+A ((nl?a—i- ﬁb)s, (ﬁa—l— nJlr—lb)S)

n+1

n—1 1 n n 1
L b b)—La,b
n—|—1> (n+1a+n+1 P L ) (@, )’

1

1

1 1
< q
< s s
x 4 |(2ng+4n+1)a" "V 4+ (24 + 3)b(s_1)q} ‘
1
(2(n+1)g+4n+3)al1 +b(““>"] ‘
1
+ a4 2(n+ 1)q+4n+3)b(“1>‘1] !

1
+ [(2q+ 3)a" "D+ (2ng +4n+ 1)b<‘“1>q} ’ } .

Taking f(x) = Inx for x > 0 in Corollary 17 results in the following inequalities
for means.

Theorem 7. Let a,b > 0and g > 1, we get

lnG(a,b)+1nG(n]?a+Lb La+—-b)

n+17 n+1 n+1
n+1
n—1 1 n n 1
Inl b b|—Inl(a,b
+n—l—l 8 (n+la+n—|—l 7n—l—la—’_n—l—l > ni(a, )‘

b—a 1 q
< 2mripl [4@“)(%2)}

1 1
2ng+4n+1 2g-+31|« 2(n+1)g+4n+3 14
X{[ q L2 } +[ (n+1)q N }

a4 b4 at b

1 2n+1)g+4n+3]e [2g+3 2ng+dnt1]7
o o o e .

Theorem 8. Forb>a>0,w>0,ands >4 or0+# s < 1, one has

1 [H)(a,b) 1 1 b
s ( )1 o (e, Lby
n+1 | H(ab) 2 “\n+1lb n+la
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vt

+1b

1—n
14+n

1 a

)h@s

Ala,

n b

n+la

)

_l’_

|- ()

(L(njrla2

n+1b2’ nila + n+lb2)
G*(a,b)

(b—a)ls|
S iy

Proof. Let f(x) =

n+l

b)A (a0 p25-1D)  A(a,b)A (a*2,b°72) ]

(Ww+2)G*(a,b)

£4wr/?

w2

1
bz)Hl _( n_ 2

(w+2)G*(a,b)

1 for s ¢ (1,4) and x > 0, then

_L(xvfl_kﬁxv/zfl)’
w42

2

n+1

+1 wxs/Z-‘rl
+ +x].

x
w42 \s+1 5/2+1

(w+2)(s+1)(b*—a?)(a

(#az-ﬁ—

n+1

bl) 2

1
o B (n-r:-l

(w+2)(5+
(bz)erl . (Cl )s+l

1

+1) (b —a?)(a

T2 (v 2)(s-+ (07— ) ab)

(>

)~ (a

2)%

1

(w+2)(5+1)(p? —a?)(ab):

w+2

1 2 2
_ 1—n H L(ma +n+1b ) nt
l+n) ™ G?*(a,b)

a

n+1

(8 +w (341, (&) +w

_i_i

1 1 n
-+1> +f<n+1“+n+4b>}]

G?%(a,b)

la + n+1b2) ) +H‘f,7s (L (a27b2)

()" +1

2(w+2)

2(w+2)

)
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Lo na+1bs+ na+lbs/2+1
J— J— W J— J—
2w+2) | \n+1b n+1la n+1b n+la
n 1 a+ n b S+ 1 a+ n b s/2+1
W —_— J—
n+1b n+la n+l1b n+la
n a 1 b
H: - -1
[ as bs { W’s<n—i—1b+n—i—1a’>
+H a+ n bl
n+1b n+la’ '

In virtue of Corollary 19, it follows that

Q b
hwnww%-l{éf®w+éfwﬂ\
_ 1 ws(ab) 1 HS n a 1 bl
B n—i—l[ (as,bs)+2{ s (n—i—lb—i_n—I—la7 )
5 1 a n b S (a*,b%)
+Hw’s<n—|—1b+n—|—1a’l>}] — A (Gz(ab)>

12 2 2
_(1_”>Hs (L(n-‘rla + b ’n-Ha +n+lb ))'

l+n) ™ G?(a,b)

gl
gz ONEHO RG]

On the other hand, we have
b_a
a b
4(n+1)2 [

e Gl
_ _b-a w| {

~ 4(n+1)2ab w+2

_ (b—a)ls| |Ala,b)A (a®s 2s +A(a, )A (a*2,b0°%)
BNCERE <w+mcﬁ<¢> (w+2)G*(a,b)
This completes the proof. O

5. CONCLUSION

In this article, we have derived a new auxiliary result. With the help of this result
we obtained several new Hermite-Hadamard type of integral inequalities. Numerous
new special cases which can be deduced from our main results are also discussed
in detail. At the last we have discussed applications of our results to means of real
numbers. It is expected that the ideas and techniques of this paper may stimulate
further research in the field.
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