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ABSTRACT. In this paper a new quantum analog of Hermite-Hadamard in-
equality is presented, and based on it, two new quantum trapezoid and mid-
point identities are obtained. Moreover, the quantum analog of some trapezoid
and midpoint type inequalities are established.

1. INTRODUCTION

A function f:J C R — R is said to be convex on the interval J, if the following
inequality

flte+ (1 —t)y) <tf(z)+ (1 —1)f(y),
holds for all z,y € J and t € [0, 1].

One of the most useful inequalities for convex functions is Hermite-Hadamard’s
inequality, due to its geometrical importance and applications, which is described
as follows:

Let f: J CR — R be a convex function on the interval of real numbers and
a,b € J with a < b. Then

b
1 < [ ar < 19210, )

2

Hermite-Hadamard’s inequality is investigated for several classes of functions in
a number of papers and different types of inequalities have been obtained from it.
For more details, see [16,[18}21[22,|28] and references therein.
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In recent years Tariboon and Ntouyas in [31], generalized the classic quantum
derivative and integral. Also, in 23], the authors by using the notions of left and
right quantum derivative and integral have derived a similar generalization of classic
quantum derivative and integral. In many research papers, the quantum analogue
of Hermite-Hadamard type inequalities has been obtained via the generalized form
of quantum integral, which were given in [31]. For more information in this regard,
the reader is refer to [1]- [6], [8]- [15], |17], [19], [24]- [27], [29]- |36]

In this paper, we use the notions of left and right quantum derivatives and
integrals together to introduce a new quantum analogue of Hermite-Hadamard
inequality and based on it we obtain two new quantum trapezoid and midpoint
type identities. In addition by using these new identities, we establish quantum
analogue of some trapezoid and midpoint inequalities. We get the results of the
trapezoid and midpoint inequalities as a special case when ¢ — 1. The idea and
techniques of this paper may help the interested reader for further research in this
area.

2. PRELIMINARIES

In this section, we recall some previously known concepts.

In [31], Tariboon and Ntouyas introduced the concepts of quantum derivative
and definite quantum integral for the functions of defined on an arbitrary finite
intervals as follows:

Definition 1. [31] A function f (t) defined on [a,b] is called quantum differentiable

on (a,b] with the following expression:

_ SO -flet+(A-qa)
(I-¢q)(t—a)

and quantum differentiable on t = a, if the following limit exists:

oDy f (a) :tlim+ aDof (t)

oDy f (1) €R, t#a, (2)

for any a < b.
Clearly, if a = 0 in (2), then oDgf (t) = D,f(t) where D,f (t) is familiar

quantum derivative of the function f defined by

f(t) — f(qt)
(1—q)t

Definition 2. (31| Let a function f be defined on [a,b]. Then the quantum integral
of f on [a,b] is defined by

D,f (1) = H#0, D f(0) =lmD,f(1). @R ()

b 0
[ 1@ st =0-0 -0} @b+ -a. @)

n=0



458 A.W. BAIDAR, M. KUNT

If the series in the right-hand side of (4]) converges, then f is said to be quantum
integrable on [a,b]. Also, for any ¢ € (a,b)

b b c
/ f(t) adqt :/ f(t) adqt _/ f(t> adqt : (5)
Clearly, if a = 0 in 7 then

/Obf(t) oyt =/Obf(t) dot |

where fob f(t) dgt iswell-known Jackson integral of f on [0, b]. For more details,
see [7}20].

In 23], the authors have denoted and (4]) respectively as left quantum deriv-
ative and definite left quantum integral and it has been written in this wise:

aqu (t) at qu (t)a

b b
[ r@ it = [ 1) wedat
a a
We use these notations in the rest of the paper.

Lemma 1. [31] Let f : [a,b] — R be a differentiable function. Then we have

, _df ()
ng{ a+qu(t) T (6)

Lemma 2. [31] Let f : [a,b] = R be an arbitrary function. If fabf (t) dt is exist,
then we have

b

b
Jim f@)a+%t::/‘fU)ﬁ. (7)

q—1- a
Recently, Kunt et al. [23|, presented the notions of right quantum derivative and
right definite quantum integral as follows:

Definition 3. [23] A function f(t) defined on [a,b] is called the right quantum
differentiable on [a,b) with the following expression:
fO)—flat+(1-q)b)
_D t =

and quantum differentiable on t = b, if the following limit exists:

v Duf (6) = lim 4 Duf (1)

ER, t#£b, (8)

for any a <b.
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Definition 4. [25] Let a function f be defined on [a,b]. Then the right quantum
integral of f on [a,b] is defined by

/f(t) pdgt =(1—q)(b—a) S "f (@"a+ (1 - q")b). (9)

If the series in right hand side of @D converges, then f is said to be right quantum
integrable on [a,b]. Also, for any ¢ € (a,b)

/f bdtf/f bdt—/f p-dyt (10)

Lemma 3. [23] Let f : [a,b] — R be a differentiable function. Then we have

. _df (@)
qgf{lf b-Dof (t) = T (11)

Lemma 4. [25] Let f : [a,b] — R be an arbitrary function. If flff (t) dt is exist,
then we have

b b
lim [ f(t) pdgt = / F(b) dt. (12)

3. AUXILIARY RESULTS

In this section, we describe some auxiliary lemmas which are used in the obtain-
ing of main results.

Lemma 5. Let 0 < g <1 be a constant, then the following equality holds:

1

1
1—qt|t g+dgt = . 13
f et ot = "

Proof. By using the definition of g-integral, we have
1 1
/ |1 —gqt|t g+dgt = / (1—qt)t g+dgt
0 0

1 1
/ t o+dgt —/ qt? o+dgt
0 0

_ ! q
T 14q l4+g+e?
B 1
(9 +g+e?)
The proof is completed. O

Lemma 6. Let 0 < g <1 be a constant, then the following equality holds:

1
q
1—gqt|(1-t det = ———. 14
[ -atia=n s =y (14
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Proof. By using Lemma and the definition of g-integral, we have

1 1 1
/ 1—qt|(1—t) grdgt = / 11— qt| o+dgt —/ 11— qt|t grdyt
0 0 0

1
1
= 1—qt) og+d,t —
f om0 edt -~
1 1
- 14g (1+q(1+g+e?)
_ q
14+q+q¢*
The proof is completed. O

Lemma 7. Let 0 < g <1 be a constant, then the following equality holds:

q2

1
/Ot(lft) ot = o a T T (15)

Proof. By using the definition of g-integral, we have

1 1 1
/ t(l—t) grdgt = / t ordgt —/ 2 grdyt
0 0 0

1 1

1+q 1+q+¢

q2

I+ +q+q?)

The proof is completed. U

Lemma 8. Let 0 < g <1 be a constant, then the following equality holds:

1
1—g¢q
P _
/O P o+dgt = gt (16)

Proof. By using the definition of g-integral, we have

1 o)
/ #ooedgt = (1—q))_ q"(¢")"
0 n=0

[e.e]

= (1-¢)> ()"
n=0

_ _1l-gqg

1 =gt

The proof is completed. O
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4. MAIN RESULTS

In this section, we use Definition [2] together with Definition (4] of the quantum
integrals to present a new quantum form of the Hermite-Hadamard inequality.
Let a function f be defined on [a,b] C R, then from and @, we can write

/aa;bf(t) edyt +/ibf(t) s dyt

_ d-db-a Q)Q(b_ @) gq” {f (qn (b;a> +a> +f (q” <a;b> + b)] (17)

For shortness we write the left-hand side of , as follows:

a+b
2

/abf(t) appdgt = /aif(t) ardgt +/ab+bf(t) podgt .

If the series in the right-hand side of converges or f is left quantum integrable

on [a, “%] and right quantum integrable on [“£2,b], then f: f(t) egpdgt s exist.

Lemma 9. Let f : [a,b] — R be an arbitrary function. If f:f(t) dt converges,
then we have

b b
lim [ F(t) epdgt = / £t dt. (18)

q—=>1= Jq

Proof. By using and lemma [2] and lemma 4], we get

b atb b
lim f () atedgt = lim [/ f(t) q+dgt +/ f@ bdqt]
q—1= Jq 2 —1= | Jq ath
atb b
= lim f@) a+rdgt + lim f(t) p-dgt
qg—1— a g—1— GTer
a;b b
:/ f(t)dt+/+bf(t)dt
. 2
- / £ () dt.
The proof is completed. O
Lemma 10. Let f:f(t) GTerdqt be exist. Then we have
b b
[ 1@ wpdit = [ flasb-t) wadyt (19)

Proof. By direct computing from , we get

b
/ fla+b—1) GTH?dqt
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S e () e
_ (1—61)2(1?—@);_:0(],1_f<qn(a;b>+b>+f(qn(b2a>+a>}
- /abf(t) d

This complete the proof. O

Theorem 1. Let f : [a,b] — R be a convex function and 0 < ¢ < 1. Then we have

<“+b> /f ssndyl <7f() (20)

Proof. Clearly f f(t) egpdgt s exist. By using , we have

/fta+1 t)b) osidgt

) (1=0) 5= o[ 7 (Ja" (55%) +0]a+ 1~ (g" b
= f D4 {+f(£([1q"<(‘2)++01} at—%l —(?q"((g‘g)iolg]z)]
(

n=0

2 2
_ i <1—q>2<b—a>iqn [f(q"<c;—b>+b> (10

n=0

/f(tb+(1 fa) sidyt
_ =0~ L[ ([ () +0] b+ [1= (¢ (352) +0)]a) +
= 2 D4 [ fg[q" ! w(d 1; a }

n=0

_ bl (1—q)2(b—a)§:oqn [f<Q" b2—a)+a)+f(q"(a2—b)+b>}

- —/f (22)

Again by applying |) we get

1 1
a+b a+b
‘/O f( 5 ) O-;ldqt = f< 5 )/0 1 041 dqt




QUANTUM ANALOG OF SOME TRAPEZOID AND MIDPOINT TYPE INEQUALITIES 463

_ f<a—|—b> (1—q)(1—0)zqn[1+1]

2 2 =
a+b
- (o). o
and
AORS O fW%ﬂ”“/dlwdt
0 2 ER 2 o =
_ f@+fO) (-9 (1-0) ¢ L
= 5 5 nz:%q [1+1]
_ [+ )
= s (24)
Since f is convex on [a,b], then we can write
(552) <5l a-on+ @+ a-na) < L0
for all t € [0,1], and
Y o (a+b
[(e2%)
1
< [ (GUtata-on+reea-na) s
0
_ w vdyt |
0
Therefore by using , , and , we get
b I b
f(“j ><b_a/a Ft) epdgt < LOEIO
This complete the proof. |

Remark 1. If ¢ — 1, then by using Lemma@ the inequality reduce to .

Lemma 11. Let f : [a,b] — R be a continuous function. If ,+ Dgf (t (‘%b) +(1-1¢) a)
and

b-Dof (t (“TH) + (1 —1t)b) are left quantum integrable on [0,1], then the follow-
ing identity holds:

T f(a)+ f (b)
Ft) appdgt — 22
b—a/a :

2
_ b—a [t at Dof (H () +(1—1t)a)
- [ (CSENEN T ) v @
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Proof. Since o+ Dgf (t(%2) + (1 —t)a) and ,-Dgf (¢t (%) + (1 —¢)b) are

left quantum integrable on [0, 1], using the linearity of left quantum integral, then
we have
b—a [* + Do f (¢ (% (1—t)a) >
1—gqt @ dgt
s (T ) e
b —a

- Udu—w ) e Daf (1(252) + (1 1)a) oedyt

1—qt bDf( (a;b)—k(l—t)b) 0+dqt}

© My — M) (26)

Since f is continuous on [a, b], we get

(e () 0-0) o (59 01

- 1(%5) 1. (1)

S (r(457) ramn) 2 (v (57)  0)
- (%) -ro. (28)
Using (27), we achieve
Mlz/ol(l—qt) Dol (£ (22) + (1~ t)a) oedyt

1
[ it ) 100 oedt

—(J/Olta+Df(( D) 4 (1—t)a) o dyt
:/*V@<+> ~0)a) ~ f (gt (5*) + 1—mmw Y

(1—q) (5" —a)t

_qénkﬂ< )+ ELDE, <<T%+ﬂ—wmﬂ eyt

S (2 oo
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oo
" a+b "

_Zf(q +1< 5 >+(1_q +1)a)]

n=0
2q > a+b

_ n n 1 _ n
b_aLZ%q f(q ( 5 >+( q )a)
> a+b

,anf (qn+1 ( 5 ) + (1 —q”“) a)]
n=0

=l () o)

n=0
_ 4 (17(])(17 (l) - n n a+b —adVa
(ba)Q[ 5 nz_:oqf(Q(Q)Jr(l q))]
4 f(a)
b—a 2
T = 4 f(a)
_(b—a)2/a ) wrdgt - (29)

Similarly, using 3, we get

M, = /0(1—qt) b-Dof (t(4F2) + (1 —1)b) oedgt
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> 0~ > o _n ,,r o o =™ o o
|

— =
— T = ] + _ + | _ +
I I I I I




QUANTUM ANALOG OF SOME TRAPEZOID AND MIDPOINT TYPE INEQUALITIES 467

_ 4 Fe
 b—a 2
4 (17(])(1}7(1) > n n a+b n
(ba)2[ ; Z f( ( 5 )+(1(J)b>]
_ 4 f@
T b-a 2 b—a) / F{t) p-dgt . (30)
Combining , and ( . , we obtain
b;a[Ml—M2]

- (/Zf(t)a+dt+/ f bdt> M

f(a) + [ (b)
bfa/f a+bdt —f7

which gives . This complete the proof. O
Remark 2. If f is differentiable on [a,b] and ¢ — 1, then the identity reduce

to
L[ rwa- L0210
5t fa-a( ! (§(<§2> )

1

See also [21, Lemma 1, for x =

Next, we present quantum analogue of some trapezoid type inequalities as fol-
lows:
Theorem 2. Let f : [a,b] — R be a continuous function, ,+ Do f (t (%42) + (1 —t) a)
and
b- Do f (¢ (%22 ) + (1 —1t)b) are left quantum integrable on [0,1]. If |,+Dyf| and
|- Dqf| are convex on [a,b], then the following inequality holds:

/bm) wdyy S I0)

b—a 2
oo [ L Pat (55 Dus (552
< (1+q)(1+q+q?) (31)
= 4 +q(|a+Dq4f(a)\+\b7qu(b)\)
1+q+q?

Proof. By using Lemma (11)) and convexity of |,+ Dy f| and |,- Dy f| , we have
b

b

/ It a;bdqt _ w

b—a
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’b_a/ol(l—qt)( a+ Do f (¢ (*5%) + 1—t)a)) ) 0+dqt‘

4 —b_Df(t(Q”)Jr (1—t)b

_ b—a fo (1= gt)| |as Dof (£ (%£2) + (1 —t)a)| ordyt
= 4 +f0 1—qt\|bDf(t(a BY+ (1 —1t)b) | ordyt
DS (211010 =0

< b—a +‘a+qu f( 1 —qt 1—t)0+d t

4| - Dof (5£2)] Jo 11— gt)[ t ordgt
|+ 1o Dof B)] fy 11— qt)] (1 — t)ordyt

Applying Lemma [f] and Lemma [6] we have

/ £t _ fla) + f(b)
—a 2
[ ot Daf(%22)| | dlas Daf(a)]
< b—a (1+q)(1+qiq2) e
= T | yendE) bl
(1+9)(1+g+q?) 1+g+q?
b I ‘aJquf(aTH)‘Jr‘b*qu(aTHN
_ 2-a (IT+a)(T+q+4%)
4 +Q(|Q+qu(a)‘+‘bfqu(b)‘)
L 1+q+q?
This complete the proof. O
Remark 3. If f is differentiable on [a,b] and ¢ — 1, then the inequality reduce
to
f(a) + f(b) 1t b—a a+b
‘ P TO i < P (1@ + || + 17 0)

See also (21, Corollary 2].

Theorem 3. Let f : [a,b] — R be a continuous function, .+ Dqf ( (%) (1-1) )
and

v-D f( (%) + (1 —1t)b) are left quantum integrable on [0,1]. If |+ Dof|" and
|- Dy f|" are convex on [a,b] where r > 0, then the following inequality holds:

b f(a) + £(0)
[ 10 it - HOTIE

b—a

3=

1
|a+ qf(u+b)| Q|a+qu(a)|T "
b—a( 1 )1 ((1+f1)(1+4+f12) R +

IIANEY (o

(32)
P) + (I|b—qu(a)|T
(1+9)(1+g9+q?) 1+q+q?
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Proof. Since |,+ D, f|" and |- D, f|" are convex functions, so from Lemma |11] and
using the power mean inequality, we have

/bf(t) wndyt — L@ FSO)

b—a 2
o |b=a gt a+Dof (t(42) + (1 —1t)a)
= ‘ 1 /0(1 qt)<quf(( )-‘rl—t)b) > 0+dqt’
< b-o fo ] |a+ Do f (¢ (“F2) + (1= t)a)| o+dgt
R 1fqt|lquf(t L) L (1—1)b) | grdgt

- (fo (1—qt)] 0+dt)_% ]

vma| <RIl D (1) + 00 )’

! (fo (1 —qt)] 0+dt> i

< (B0 =gl | 1D (0 (452) + (1 —1)0) | ordgt )"

< b;a /|1—qt| 0+dt> '

1

|+ Dy f(a2b)| 1—qt [t gedyt B
—|—|a+Df(a) f 1—qt (1 —t)o+dgt

|bDf(“ )| (1= qt)t grdgt \~
+\b qof (D) fo l—qt (1 —t)o+dgt

b

Applying Lemma [f] and Lemma [6] we have

£ @)+ £ (b)
/af(t) epdgt - UL

b—a

1
<|a+qu(“2“’)’" n q|a+qu(a)|T>T

< L < : > o (1+9)(1+a+q?) 1+g+q?
- 1
4 1+4+¢ " |b7qu(a<2Fb)|"‘ N q|b7qu(a)|T =
(1+9)(1+q+q?) 1+g+q?
This complete the proof. 0

Remark 4. If f is differentiable on [a,b] and ¢ — 1, then the inequality reduce

to
b
’f(a);f(b)—bia/a foyt
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< (59) <1) (170 +21r @)’
IR A N (FUC DR ITA O]

See also [21, Corollary 4].

5

i

Theorem 4. Let f : [a,b] — R be a continuous function, .+ Dqf ( (%) (1-1) )
and

b-Dof (t (“+b) + (1 —1t)b) are left quantum integrable on [0,1]. If |+ Dof|" and
ly- Dy f|" are convex on |a,b] where p,r > 1, 1%—|—% =1, then the following inequality
holds:

/bf(t) wndyt — 1@

b—a /, 2
(|Q+D 2 F(250)| +a| 4 Do f(a)]” )
b—a 1 (1+q)
< S ) P G
+ o= Daf (“5°)| +a|,- Daf(a)]”
(1+4q)
where
1
Si0) = [ (1 -at) ordat
0
is fulfilled.

Proof. From Lemma [I1] and using Holder’s inequality, we have

f(a)+ 1 (b)
/f a+bdt -

b—a

- \bf/ (1=t (“ZDD‘/}(@(( 2) ll—tif% )W\

)+ (1—t)a) | o+dgt

|
\
-
\
L=}
=
5]
T
S
&h
—
~~

|
>
|
<)
7 N
o\
2.
—~
—
|
)
=
S—
(=)
T
ISH
_
~
\_/
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By applying the convexity of |+ D, f|" and |- D, f|", we get

/bf(t) wndyt — @S0

2
| t o+dgt
1—t o+dqt

b—a

3=

( |a+qu(
I A

S 4 ) 1 )
N lo—Dq f (% )Lfotwdt ’
+[o-Dof )" o (L —1t) ordgt
Also,
1 1
1 q
t grdg,t = , 1-—t dgt = ——.
\/0 0+ Uq 1+q \/0 ( ) 0+ Hq 1+q
Therefore
b
a)+ f(b
[ ) g - L0
1
(| ot D (52| +a| o+ Daf(a)|” )
b—a 1 1+q
< Sa)? - A
+ (lwqf(a: )| +aly- Dut )] )
1+4+q
This complete the proof. O

Remark 5. If f is differentiable on [a,b] and ¢ — 1, then S; (p) = ﬁ and the
inequality reduce to

|f(a) O sa
L Syt [rr If’
Gl

See also [21, Corollary 3].

Lemma 12. Let f : [a,b] — R be a continuous function. If ,+ Dy f (t ("T'H’) +(1—1t)a)
and

»-Dgf ( (‘ITH’) + (1 —1t)b) are left quantum integrable on [0,1], then the follow-

ing identity holds:
/ f a+b d t

2+

il—'

3=




472 A.W. BAIDAR, M. KUNT

_b—a ! et Dyf () +(1-t)a
=t L BCEY ST ) e

Proof. By using the similar proving argument as in Lemma [TI] we have

bl&f“(wf(((( 2>+< >3> )‘“dq’f

_ q(b—a) fo t o+ Dof (¢ (—) t)a) o+dgt
4 —folt b= Do f (t(%£2) + 1 t)b) ordgt
=1 (b4_ a) [Ki — K. (35)

o+dqt
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- q(bia)Q [(1 _Q);b_a) gq”f (q" <a—;b) +(1 —q”)aﬂ

- Q(b2— a)f (a;rb> - q(b4a)2 /aa;rb S0 ardat 59

1
K2:/0 t o-Dof (t(52) + (1 —1)b) o+dgt

:/1tlf(t(“2+b)+(1—t)b)—f(q () +A-ab) |,
0 (1-q) (55" - b)t o
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Combining (35), and (7)), we get

b—a
% [ — K]
atb

:f(a;—b> bia</2f(t) atdgt +/;f(t) bdqt>
f(a+b>

which leads to the (34)).This complete the proof. ([l
Remark 6. If f is differentiable on [a,b] and g — 1, then the identity reduce

to
b
150 - 52 | s

- LA )

See also [18, Lemma 2.1].

Next, we establish quantum analogue of some midpoint type inequalities as fol-
lows:

Theorem 5. Let f : [a,b] — R be a continuous function, .+ Do f (t (%F2) + (1 —t) a)
and

»-Dyf ( (a+b) —1)b) are left quantum integrable on [0,1]. If |,+Dgf| and
lo- Dq f| are convex on [a,b], then the followmg inequality holds:

f(a+b)
< 5 ) oD (5] 42y (49)
- 4 \l+4gq+¢ +1+q(|a+D fla )|+|b*qu( )

Proof. From Lemma 12| ﬂ and using convex1ty of |4+ Dy f] and |,- D, f| , we have
atb dgt

f(a—i—b)
b—a [ a+Df(t( ) +(1—1t)a)
‘ 4 /oqt< (( l’) +(1—-1)b) >0+dqt‘
|a+Df( | 0+dqt
g(b—a) |+t Dyf (a)] [y (t—12) ordgt
4 +\bDf( U’Ot2 o+dgt
+|o- Dy f (0)] [(t —2) ) o+dqgt

a+bdt

] . (38)

\+

Qk\'}

IN

%Nwo%\_/
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Applying Lemmal [7] we get
a+b
()

b—a q
<
- 4 \l+gqg+¢?

This complete the proof. O

a+bdt

|a+qu (252)]+ oD (232)
155 (a+ Do f (@) + |- Do f (D)) |

Remark 7. If f is differentiable on [a,b] and ¢ — 1, then the inequality reduce

to
f<a+b>
< boo (2
- 12

See also [18, Theorem 2.1 for s =m =1].

Latb | @)+ 170
@ >\+ iren,

Theorem 6. Let f : [a,b] — R be a continuous function, ,+ Do f (t (%F2) + (1 —t) a)
and

b qu( (2E2) + (1 —t)b) are left quantum integrable on [0,1]. If |,+Dof|" and
ls- Dy f|" are convex on [a,b] where r > 0, then the following inequality holds:

a+b
(450
(b—a) 1 v
Z(lJrq) ((1+(J+q2)>
(les Daf (42)]" (1 + ) + o Do (@) )
(b= Dof (5£2)]" (L4 ) + |- Dy ()] ¢?)

a+hd t

1
r

(39)

S

Proof. Since |,+Dyf|" and |,- Dy f|" are convex functions, so from Lemma [12| and
using the power mean inequality, we have

‘f<a+b)

< ‘ba/o qt< a+D,{(t(;) 1—t1a)) > 0+dqt‘

4
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(folt o+dqt )1_T
a0 —a) | % (Jot] wrDaf (£(252) + (1L =1)a) | ordyt )

e

< s
+(fyt ovdat )
% (o tlo-Daf (¢ (%52 + (1= 0)|" ordyt )’
L |a+qu( )L fol 0+ dqt '
_ ab—a) (1 = ot Dof @) [y t(1—1) grdgt
< 0 () 1

+< |bDf( b)l 2 gedgt )

+ o~ Do f O)" [t 1 — 1) o+dgt
Applying Lemmal7], we get

f(a+b) /f ) et

. ‘a+D f( 2 )| 1+t£+q )
q(b—a) (1>1_T +lat Dy f (a)| W 1
+< ‘b Df(a )‘ 1+t£+q )T

+1o-Daf (0)" Tro0Tar

IN

~ q(b—a) 1 "
- 4(1+9) <(1+Q+q2)>
(los Daf (52" (14 @) +lar Do (@) )

+ (Jo-Daf ()] (14 0) + 1o Dof B ¢?)
This complete the proof. O

1
T

Sh

Remark 8. If f is differentiable on [a,b] and ¢ — 1, then the inequality reduce

to
b
‘f(“§b>—b_la/ () dr

§ b—a(ly (21F (=52 >l+|f’a’")i |
N e o)

Theorem 7. Let f : [a,b] — R be a continuous function, .+ Dqf (t (“T'H’) +(1-1¢) a)
and
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- Do f (¢ (%22) + t)b) are left quantum integrable on [0,1]. If |,+Dgf|" and
lp- Dy f|" are convezx on [ a,b] where p,r > 1, %Jr% =1, then the following inequality

| <a;rb> _a/abf(t) agodgt
)

1

lo+ Daf (“52)| +a|u+ Daf(@)]" | "
=

1

1—grtt N (|bqu(‘g“’)|*+q|b_qu<b)|*) E

14+q

S

(40)

s true.

Proof. From Lemma [12| and using Holder’s inequality, we have

a+b 1 b
‘f( B )_b— f(t) “T*”dqt

‘b—a/olqt< o+ Dyf ( (“3"2+(1’5>“)) ) 0+dqt‘

4

ab—a) | *(Jo | o Daf (2
4 +(
X (fo1 |b*qu t(

Applying Lemma and convexity of |,+D,f|" and |- D, f|", we get

b
f(a—;b>_bia/ F(t) axndgt

IN

=

)+ (1-08)[" gedgt )

lat Do f (S2)[" i1t o+ dyt B
1 1
< q(b—a)< 1—g¢q >p + o+ Dy f (a)]" [5 (1 —1) ordgt
= 4 1—grtl r G
K ‘b D f 2b)k folt o+dqgt
L + |T fo (1_t) O*dqt
. at Daf(
- q(b—a)< l1—gq > 1+q
- 4 1—qrt! lo- Dot (2£2)| +al,— Do )]
1+4q

This complete the proof. O
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Remark 9. If f is differentiable on [a,b] and ¢ — 1, then the inequality reduce

to
b
‘f(“j”) - [ rwa

1
1 [ ()@ T
ba( 1 >P 2

-4 el (If’(“#)lWIf'(b)lT)
+ 2

1
r

5. CONCLUSIONS

We have introduced a new quantum analogue of Hermite-Hadamard inequality
and based on it we obtained two new quantum trapezoid and midpoint type iden-
tities. In [21] and [18], respectively by taking = “t2 and s = m = 1, trapezoid
and midpoint type inequalities for convex functions have been presented. We have
established quantum analogs of some of these inequalities by using the new quan-
tum trapezoid and midpoint type identities. For ¢ — 1 the obtained results give
refinement of some trapezoid and midpoint type inequalities in [18}/21]. The idea
and techniques of this paper may help the interested researcher in this field for
further research.
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