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ON INTEGRAL INEQUALITIES FOR INVEX FUNCTIONS
SATISFYING LIPSCHITZIAN REQUIREMENT

SEDA KILING, ABDULLAH AKKURT, AND HUSEYIN YILDIRIM

ABSTRACT. Some new type of integral inequalities for functions from the Lip-
schitz class are obtained. These results involve some different types of integral
averages for Lipschitzian functions. Special cases which are naturally included
in the main results of the paper are also discussed.

1. INTRODUCTION

This study is about getting for Lipschitz functions of some inequalities that are
obtained for Harmonic convex functions. At first,some basic definitions and theo-
rems related to convexity, invex set, Lipschitz functions and important inequalities
are given. Then some results in literature for lipschitz functons of invex type in-
equalities obtained for convex and harmonic convex functions are given.

In research findings of study, we have new inequalities for invex functions sat-
isfying Lipschitz functions by means of inequalities which are used for Harmonic
convex functions.

Finally, some special means applications of these inequalities are given.

2. PRELIMINARIES

A function f: I = [a,b] — R is said to be convex function in the classical sense, if
the following inequality holds:

(2.1) [tz + (1 =t)y) <tf(z) + (1 —1)f(y),

Vr,y eI, te€l0,1].
A function f such that

(2.2) |f(z) = f(y)l < M|z —y]
for all z and y, where M is a constant independent of x and y, is called a Lips-
chitz function. For example, any function with a bounded first derivative must be
Lipschitz.

The Hermite-Hadamard inequality provides us an estimate of the mean value of a
continuous convex function. This inequality also proves us a necessary and sufficient
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condition for a function to be convex. The classic version of this inequality reads
as:
Let f: I — R be a convex function, then,

(2.3) f(“”)s ! LU@»gﬂ@+f@%

2 b—a 2
f: I — R is said to be harmonically convex, if
LY
4 — | < 1-—
(2.4 Horily, ) <+ 0-0f@

for all z,y € I and ¢ € [0,1]. If this inequality is reversed, then the function f is
said to be harmonically concave.

Definition 2.1. Let I C Rbe a harmonically convex function and a,b € I with
a < b, if f € L[a,b] then the following inequalities hold:

2ab ab [ f(x) f(a)+ £ (b)
2. < dx < .
(25) f(a—kb)b—a/a gz = 2
A set K is said to be invex set with respect to n (.,.) if
(2.6) u+7n(u,v) € K, Yu,ve K, 7 €0,1].

The invex set K is also called n-connected set.

Definition 2.2. [16] A function f is said to be invex with respect to arbitrary
bifunction 7 (.,.) if

(2.7) flutmn(uv) <1 —1)f(u)+tf(v)

The function f is said to be preincave if and only if f is invex.For 7 (u,v) = u —v
, the invex functions becomes convex functions in the classical sense.

Definition 2.3. [12] The beta function denoted by 8 (m,n) is defined as;

(2.8) B(m,n) = /0 a1 =) da

[12] The hypergeometric function denoted by 2 Fy (a, b; ¢; 2) is defined by the integral
equality

1 ! pe _
(2.9) 2F1 (a, b; C; Z) = b) / tb_l (1 — ﬁ)c b-1 (1 — Zt) N dt,
0

5(b707
fore>b>0, |z| <1

Corollary 2.4. [11]If we take z = a +tn(b,a), n(z,y) >z —y and y = 71742?17 3

n (2.2), then following inequality holds for arbitrary ¢ € [0,1] ,also we name as
M-Lipschitzian ;

fla+tn(ba)) - f <#€@a)>‘

<M |a+tn(ba)— #‘(’M)(

— ) | (attn(b,0) (b—tn(b.a)) —ab

b—tn(b,a)
_ —atn(b,a)+btn(b,a)—tn?(b,a)
= M| =S e
— M| He=a)u(b.a) =20 (ba)
=M Z—tn(b,a)n

t(1—t)n>(b,a)
=M b—tnréb,a) ’
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3. MAIN RESULTS
In this section, we obtain some new inequalities for M-Lipschitzian functions.

Theorem 3.1. Let f: I C (0,00) = R be an M -Lipschitzian mapping on interval
I and a,b € T with a <b. Thenn(.,.): K x K = R"™ following inequality holds;

1 a+n(b,a) ab % f(u)
T a)/a f(u)du— "0 a)/a w2 du

(3.1) < % R (124 ”(l;’“)>.

Proof. Since f is M-Lipschitzian function on interval I, Vz,y € [a, ]
[f(@) = fy)l < Mz —y|.

From Corollary 77, we write
fla+tn(b,a) - f (b—tﬁ(b»a)

If we take integral the last inequality on ¢ € [0, 1], and use property of modulus,
we get

ab t(1—t)n?(b,a)
)‘ =M TG

’fo (a+tn(ba))dt— [} f (#’Em dt‘

< Jo | F @t tna) — f (=tties )|
t(1—t
<M77 b a fO b (tn b)a)dt

1
Mn=(b,a b,a
— lb( ) F (7 74’77(17 ))5(272)

If we take u = a+tn(b,a) and u = #z(’ba) in the integrals on the left side of the
last inequality respectively, we have the following inequalities;

‘ 1 fa+77(b ,a) £ (u )du fb O] f(u) du

n(b,a) n(b a)
< 7M7]6§)b 2 Ry (1,2;4; n(%a))

this completes the proof of theorem. O

Remark 3.2 (11). If we take n(b,a) = b — a from the above Theorem 1, we obtain
then following inequality holds;

ab [P f(w
b—a/ flu _b—a o u? d

< % F(124bba>.

Definition 3.3. The p logarithmic mean

L, (a.b) a, ifa="0
a, = pptl_ P+l .
" G-aprn HOFD

where a,b > 0.
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Definition 3.4. The n — p logarithmic mean

I (ah) { a, ifa=5
2 (@,0) =9 [anayrt —artt
m n(ba) (T ifab

where a,b > 0.If we take 1 (b,a) = b — a, we obtain clasical p logarithmic mean.
Definition 3.5. The Geometric mean

G = G(a,b) = Va.b
Definition 3.6. The logarithmic mean

a, ifa=10
Ll(“’b){ b=a_ ifa b

Inb—Ina

where a,b > 0.

Proposition 1. Let p € (1,00)\ {2}and a,b € R with o < a < b. Then 7 (.,.) :
K x K — R™ following inequality holds;
2
13, (a,b) = G*L}73 , (a,0)|
2
< Mnﬁl(yb’a) o F) (17 2:4: 77(1;)#1)) )

(3.2)

Proof. If the f(z) = 2P convex mapping defined on interval [a, b] is applied to the
left side of the inequality in Theorem 1, the inequality

a+n(b,a .
. e f (u) du — n(ba fb ) f,liz)d’ll/‘
B ’Wna) faaﬂ 0 wrdu e, a) [ Tgny “Z dU‘

2
MﬁGl(zb’a) 2F1 (17 2; 4; ”7(%‘1))

is obtained. If the integral is calculated,

‘n(b a)

IN

a+n(b,a) o uP
‘n(b a) f uPdu — n(ba fb n(b ) du‘

lat+n(b,a)]PT!—aPtt ab ( ab >p_1_ap_1
n(b,a)(p+1) n(b,a)(p—1) |\ b—n(b,a)

2
M) oy (1,24 252))

IN

where

a+n(b,a) = P
'r/(b a) f uPdu — 'r](b a) fb n(b ) 2du‘
- ’LM b) - G2L272 (a, b)’
2
7M776l(7b,a) o F (1, 2;4; n(l;a)) .

IN

O

Proposition 2. Let p € (1,00)\ {2}and a,b € R with 0 < a < b.Then 7n(.,.) :
K x K — R" following inequality holds;

-1 _ a”? -2
(3.3) B~ =@ A"‘

2
< Mitba) gy (172;4; n(%a)) .
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Proof. If the f(z) = 1 convex mapping defined on interval [a,b] is applied to the
left side of the inequality in Theorem 1, the inequality

a b,a __ab "

’n(l;l,a) N o) f(u) du — Md ‘
+ (b7 ) - ) a U

- ‘n(bﬂ) LT udu — n(ba fb Taey 7du‘

< Mrlba) ,py (172;4; "(Z“))
is obtained. If the integral is calculated,

—2
ab ab -2
2n(b,a) [(b—n(b,a)> —a }

2 a a
< M) o py (1,24 25,

a+n(b,a)

n(b,a)

where
i el
n T aal?
< M) opy (1,24, 252

O

Theorem 3.7. Let f : I C R — R be an M-Lipschitzian function on interval I
and a,b,x,y € [ witha <z <y and a <b.Thenn(.,.): K x K - R" following
inequality holds;

atn(b,a) o+n(y,7)
(3.4) ‘Ww)f T fwdu = Sz o fw)du
’ b,a T
SM{WH_Q}

Proof. Since f is M-Lipschitzian function on interval I, Va,w € [a, ]
[f (@) = fw)| < M|z —w]|.
Here, for arbitrary ¢ € [0,1], if we take
x=a+tn(ba) and w =2z +tn(y,x)

then
|f(a+tn(b,a)) — f(z+in(y )]
< Mla+tn(ba)—x—tn(y,x)|
=MIt(n(b,a) —n(y,v)) +a—z|
MA{tln(b,a) —n(y,z)| +x—a}

If we take integral the last inequality on ¢ € [0, 1], and use property of modulus,
we have

’fo (a+tn(b,a)) dt—fo (x+tn(y,z) dt’
< Jylf (a+y ba)) (@ +tn (y, )| dt
< M|n(b,a) — |f0tdt—|—M|a—x|det
— i {atalos <yz>| +a—a)
If we make the change of variable u = a + tn(b,a) and v = x + tn (y,x) in the

integrals on the left side of the last inequality respectively, we have the following
inequalities;

a+n(b,a z+n(y,x
‘n(ha) S fwydu = s [ f(u)du

<M { o) —nwo)l 4 g a}
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this completes the proof of the theorem. ([

Remark 3.8 (11). If we take 1 (b,a) = b — a from the above theorem 2, we obtain
then following inequality holds;

[
< M{|( —a)— (yéﬂ)lJrza}

Proposition 3. Let p > 1 and a,b,z,y € R with 0 < a <z <y and a < b. Then
7n(,.): K x K= R" following inequality holds;

2

’Lﬁ (a,b) — (x y)|
. 3 M{mb,a) (e )

Proof. If the f(z) = 2P convex mapping defined on interval [a, b] is applied to the
left side of the inequality in Theorem 2, the inequality

a+n(b,a) z+n(y,z)
‘n(ba)f "0 f(u)du = o [ fw)dul

2

at+n(b,a) 4 1 z+n(y,®) | p ‘
n(b a) f . lj du n(y,x) fr+ . uPdu
(atn(b,a))PT—aP*tt  (m4n(y,)P T —aPt!
B n(b,a)(p+1) n(y,z)(p+1)

é M { |n(b’a);77(y)$)| + T — CL}

where
|L£,n (a7 b) - Lg,n (.’E, y)‘
<M { In(b-0)—ntwo)l | 4 _ a} _

O

Proposition 4. Let a,b,z,y € R with 0 < a <z < y and a < b. Then 7 (.,.) :
K x K — R" following inequality holds;

Lyt (a,b) = Ly (2,)
(3.6) ‘SM{n(b w)=nly.s)] il a}.

Proof. If the f(x) = ; convex mapping defined on interval [a,b] is applied to the
left side of the inequality in Theorem 2, the inequality

a+n(b,a T+ T
"I’](bl,a) fa T]( ) f(u)du - n(yl’;v) fm n(y ) f(u)du‘
a+n(b,a) z4+n(y,z)
_ |1 f n L du — f n(y %du’

B n(b a) n(y,z) Jz

- atn(ba)| 1 z+n(y,z)

- n(b a) In a n(y,x) In x
L, (a,b) = Lyt (,y)]

<M { [ (bsa)— n(ws)l +x— }
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Proposition 5. Let a,b,z,y € R with 0 < a <z < y and a < b. Then 7 (.,.) :
K x K — R" following inequality holds;

eatn(b.a) _ga extn(y.z) _z
n,a) nly)
(3.7) <M { \U(bva)gﬁ(yw)\ +r— a} )

Proof. If the f(x) = e® convex mapping defined on interval [a,b] is applied to the
left side of the inequality in Theorem 2, the inequality

fa+77(b ,a) Flu )du _
f‘”n (0:9) gy —

n(u ) fm

z+n(y,z) f(u)du‘
fx+n(y,r) e“du‘

‘n(b a)
(b a) n(yw)
eatn(ba) _ e Tn(y,a) _ o

n(lna) T nlye)
<M { In(bya);n(y,x)l tr—a

O

Theorem 3.9. Let f : I C R — R be an M-Lipschitzian function on interval I
and a,b,x,y € I witha <z <y and a <b.Thenn(.,.): K x K - R" following
inequality holds;

b et f T f( )
‘n(cé,a) ST L du — s [ D du

M a,b) )1 ,y)+ a,b)+b
(3:8) < n(a,b)n(z,y) {by|a 7| [bnnﬂ(b Y) 771(177(?1),17) <1n‘ e Z) y‘ - ln‘"( b) ’)]

bn(z,y)— b )+ ,b)+b
n ‘“ﬁiﬁikﬁ?ﬁf‘;ﬁ' [yn(a,b)ln‘”(’”;’) y‘ — by (z,y) m‘n(ab) H}

Proof. Since f is M-Lipschitzian function on interval I, Yv, w € [a, b]
|f(v) = f(w)] < M |v—w].
Here, for arbitrary ¢ € [0,1], if we take

__ 8w %Y
~ b+tn(a,b) -~ y+in(z,y)

then

‘f (b+tn(a b)) f<y+tf7?(/w,y))’

zy
<M |5t ~ o)
— M | ablyttn(e.y)) —zy(b+in(a,b))
[b+tn(a,b)][y+tn(z,y)]
— ) | byla—a)+t(abn(e.y)—zyn(a,b))
[b+tn(a,b)][y+in(z,y)]
— )y Yyla—zlttlabn(e.y) —zyn(a,b)|
[b+t77(a b)][y+tn(z,y)]
_ byla—z|+t|abn(z,y)—zyn(a,b)|
n(a, b)"(z v) [t ey [t acer )




8 SEDA KILING, ABDULLAH AKKURT, AND HUSEYIN YILDIRIM

If we take integral the last inequality on ¢ € [0,1], and use property of modulus,
we have

’fo (W(ab)) fo (m)dt’

< fo ’f (bHW b)) f(m>’dt

1 byla— L|+t|abn(@y) zymn(a,b)|
< dt
n(a, b)TI(I y) JO [tJr (a; b)][t+n(z y)]
- M
— n(a,b)n(z,y) by |CL $| fO t ][tJrn(z y)]
tdt

_|'|ab77('1j y)_myn ab|f0 fJ,_ 0 b)]

n
_ a,b)n(z,y)
- n(a,b)n(ny) {by|a z| [bn(w y)— un(ab (\

(l y)

n(z, y)+y’ In ’n(a b)+bD}

labn(z,y) —zyn(a,b)| (z.y)+ n(a,b)+b
e e D [y (a,b) n |12 | by () In 022}
If we make the change of variable u = W?a,b) and u = P e tff(’z7y) in the integrals on

the left side of the last inequality respectively, we have the following inequalities;

fb+n(a ) f(“)d n(y o xm %du
a,b)n(z z,y)+ a,b)+b
< D) @ym_$WMuwm%$w(mrﬂ5)%_hﬁﬁ7Lﬂﬂ

abn(x T a,b x, a,b)+b
Ml GG e L e 15

‘(ba

this completes the proof of the theorem. O

Remark 3.10 (11). If we take 9 (b,a) = b—a from the above Theorem 3, we obtain
then following inequality holds;

ab b f
b—a Ja zig)d fy f(u)du‘
< M

(a—b)(z—y)
{in [b<;‘1;%>fz@ylb> (1 2eee] e )
(m—y)ln’%”}.

ab(r—y)—zy(a—>b

S el (TGO
Proposition 6. Let p > 1 and a,b,z,y € R with 0 < a <z <y and a < b. Then
n(,.): K x K = R" following inequality holds;

p—1 p—1
ab ab _ -1 _ Ty Ty _ -1
n(b,a)(p—1) [(Hn(a,b)) a’ } n(y,z)(p—1) {<y+n(r,y)) ?
3.9 M a,b)n(z,y) n(@.y)+y| _ n(a,b)+b
( ) S n(a,b)n(z,y) {by |a | |:b77($ y)—yn(a,b) (h’l ’ Yy ’ In ‘ b D]

b b s ,b)+b
# i (v (o0 2] G et
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Proof. If the f(x) = zP convex mapping defined on interval [a, b] is applied to the
left side of the inequality in Theorem 3, the inequality

‘ ab I% L0 gy — _zy__ fﬁ&y) Mdu‘
a u

n(b,a) n(y,») Jo u?
— | _ab_ remiam wty TR e e B
| n(ba) Jd w2 My ) J: IRTER

ab ( ab )p_l_ap—l _ zy ( zy )p_l_xp—l
n(b,a)(p—1) |\ b+n(a,b) n(y,z)(p—1) |\ ytn(z,y)

M _ n(a,b)n(z,y) n(@y)+y| n(a,b)+b
Sn(mb)n(ﬂ:»y) byla - z| [bn(ryy)—yn(a»b) (ln‘ ‘ In b D}

labn(z,y) —zyn(a,b)| [yn (a,0)In ‘ n(z,z)ﬂ;‘ — by (z,9)In ’ n(a,g)+b H } .

yn(a,b)—bn(z,y)
O

Proposition 7. Let a,b,z,y € R with 0 < a < < y and a < b. Then 75 (.,.) :
K x K — R" following inequality holds;

ab ( ab )72 _ a—2 _ Ty ( Ty )72 _ .’II_Q
n(b,a)(=2) |\ b+n(a,b) n(y,z)(=2) | \ y+n(z.y)
M _ n(a,b)n(z,y) n@y+y| n(a,b)+b
< n(a,b)n(z,y) byla — | {bn(w,y)*yn(a,b) (ln‘ In b }

o letei—si @D [yn (a,b) In | 22082 by (@, ) In | 2222 |}

(3.10)

Proof. If the f(x) = % convex mapping defined on interval [a, b] is applied to the
left side of the inequality in Theorem 3, the inequality

ab Ty
ab sy 4w _ Ty TFatew L)
’n(b,a) a uz U n(y,x) Jo ur du
ab — : 1 _
= |2 [FFuaD) W gy — 2 (e vl gy,
n(b,a) Ja u? n(y,z) J u?

2 —2
ab ab _ 2| _ Ty Ty _ 2
1(6,a)(—2) [(Hn(a,b)) a ] n(w2)(—2) {(wn(m,y)) z H

M
n(a,b)n(z,y)

IN

X

by la — x| {bn?iayg)j;f,&)b) (ln ‘ "(x’;’)“" —1In ’7”(“72’)“’ D}

+ el [y (a,6) In | 22052 — by () In | 22|}
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