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Abstract

The main purpose of this paper is to use a variant of Griiss inequality
to obtain a sharp generalized Ostrowski-Griiss inequality for absolutely
continuous functions whose derivative is bounded both above and below
almost everywhere. Thus we provide improvement and generalization
of some previous results.
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1. Introduction

In 1935, G.Griiss (see for example [6, p.296]), proved the following inte-
gral inequality which gives an approximation for the integral of a product of
two functions in terms of the product of integrals of the two functions.

Theorem A. Let h,g : [a,b] — R be two integrable functions such that
¢ < h(t) < ®and vy < g(t) < T foralt € la,b], where ¢, ®, v, T are
real numbers. Then we have
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T(h, g)| < 7(® =) (T =), (1)

»l>|>—*

where

Thg) = 5 [ g0t~ [ty = gt

and the inequality is sharp, in the sense that the constant }l cannot be replaced
by a smaller one.

From then on, (1) is well known in the literature as Griiss inequality.

A premature Griiss inequality originated from Griiss’ work (see also [6,
p.296)) is embodied in the following theorem which was considered and ap-
plied for the first time in the paper [5] by M.Mati¢, J.Pecari¢ and N.Ujevié¢ in
2000.

Theorem B. Let h,g : [a,b] — R be two integrable functions such that
v <g(t) <T forallt € [a,b], where v,I' € R. Then we have

[\J\H

70, 9)| < 5 [T(h, )2, )

where T'(h, g) is as defined in (2).

In 2002, X.L.Cheng and J.Sun [3] have got the following variant of the
Griiss inequality.

Theorem C. Let h,g : [a,b] — R be two integrable functions such that
v <g(t) <T forallt € [a,b], where v,I' € R. Then

o)l < 5o [ 00~ 2 [t )

where T'(h, g) is as defined in (2).

It is not difficult to find that the premature Griiss inequality (3) provides
a sharper bound than the Griiss inequality (1) and the variant of Griiss in-
equality (4) provides a sharper bound than the premature Griiss inequality

(3).
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In [1], Theorem A and Theorem B have been used to provide a general-
ized Ostrowski-Griiss inequality with different bounds. In this paper, we will
use Theorem C to give a sharp generalized Ostrowski-Griiss inequality for ab-
solutely continuous functions whose derivative is bounded above and below
almost everywhere. Some sharp integral inequalities of midpoint, trapezoidal
and Simpson type are obtained or recaptured as particular cases.

2. The Results

Theorem. Let [ : [a,b] — R be a function which is absolutely continuous on
la,b]. Assume that there exist constants v,I' € R such that v < f'(t) <T a.e.
on |a,b]. Then for all x € [a,b] we have

I () dt — (b — a){(1 — 6) f(x) + 6]
(b - a)(1 - 20)(x — =$)S| < T511(

2 Z),
where
g f) — fla)
b—a
and
(45 = (1 = 6)a — ba]?, a<a< U2
10.2) = [+ 0P+ (b-a), 5" <o < 050
[0z + (1 —6)b — “Eb]2, a (219);)+b <z<b
(6)
for 0 <6< %, and
(452 — fa — (1= 0)a]?, a << 2
10,2) = [F+ 0= 1Rl —af + (=], =L < o 0 pust,
[(1—0)x + 6b — 224]2, 0-Dath < 4 <
(7)
for 3 <6 <1.

Proof.Integrating by parts produces the identity
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b b
/K(l“,t)f’(t)dtz(1—9)(b—a)f(fv)+9(ff—a)f(a)+9(b—:v)f(b)—/ f(t) dt,

(8)
where
t—[0x+ (1 —0)a], te€]a,zl,
K(x’”:{ F—[0z+ (1— 0, te (z0 )
Moreover
b_a/a K(x,8)dt = (1 — 20)(z — “‘2”’). (10)

Applying the variant of Griiss inequality (4) by associating g(¢) with f'(t)
and h(t) with K (z,t) and multiply through by (b-a) gives

[P () (8 dt — s [P K (a,t) dt 7 f(t) |
< TE R (t) — o [ K () dul di

Then for any fixed = € [a, b] we can derive from (8), (9) and (10) that
[, F(8)dt = (b= a){(1 = 0) f(x) + O[(3=2) f (@) + (=5) F ()]} (11)
+(b—a)(1 —20)(z — “2)S| < 5521(0, ),

where

1(0,2) = fj|t—[9a;+(1—9)a]—<1—2@)(x—GTH’)ydt
0= [6z + (1 - 6)b] — (1—29)( — )| dt
= [Tt =1 =)z +6b— 5 dt + [*]t — [fa+ (1 — )z + 2] | dt.

The last two integrals can be calculated as follows:
For brevity, we put

p(t):=t—[(1—0)x+ 6b— b—Ta]’ t € [a,z],

po(t) =t —[0a+ (1 —0)z + Z)—Ta]’ t € [x,0]
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and denote t; = (1 — )z + b — 2 1, = fa + (1 — O)z + 52,
It is clear that both p;(t) and p(t) are strictly increasing on [a, z] and [z, b]
respectively. Moreover, we have

b—a b—a

pi(a) = (1= 0)(b—=) - (b—=);

b—a b—a
pa(e) = 0z —a) ~ 2% pal) =
For 0 < # < 1, it is immediate that p;(z) > 0 and p»(z) < 0. Meanwhile,

pr(a) > 0 if 7 € [o, =] and py(a) < 0 if = € (022 4] py(b) < O if

—(1=0)(x —a).

1—20)a+b 1—20)a+b . a+(1—20)b
T € [( 2 )€+ b] and py(b) > 0 if = € [a, ! 2(1_)9)+ ). Notice that J;((l—a)) <
(1;(21(1);; b, there are three possible cases to be determined.

(i) In case x € |[a, “28:2939”], pi(t) > 0 for t € [a,z] and py(b) > 0 with

ty € (z,b) such that ps(ty) = 0. We have

—ty)dt+ [Pty — t)dt + [} (t — t) dt
_ (1 20)(x a)(b )4 0(0 — 1)(x — a)? + M (12)
= [ )+ (5~ 0)(r —a)? = [ — (1~ O)a— a2

(ii) In case z € (ag((ll:g)b, (12—(219_)3#% p1(a) < 0 with ¢; € (a,z) such that

p1(t1) = 0 and po(b) > 0 with ¢5 € (z,b) such that py(ts) = 0. We have

I0,2) = [P(ti—t)dt+ [F(t—t)dt+ [P(ts—t)dt + [} (t — ts) dt
= [+ -3z —a)+(b—2)?. "

3)
(iii) In case z € [4 (219 g+b b], p1(a) < 0 with ¢; € (a,z) such that p;(¢;) =0

and po(t) <0 for ¢t € [x,b]. We have

I1(0,7) = f ( —t)dt + [ (t —t1) dt+f (to —t)dt
1-20)(x . —a)(b—zx) H — )(b _ ill') ( a)? I(b x)? (14)
(b= ) = [0z + (1 - 0)b — 4],

= +6(
= [e-a)+(G-0)
For 1 < 6 < 1, it is immediate that pi(a) < 0 and ps(b) > 0. Meanwhile,

pi(z) <0if x € [a, W] and py(z) > 0if x € (a+(2209_1)b,b]7 po(z) > 0 if
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S [—(29 210a+b b] and po(z) < 0 if z € |a, —(297219)“%). Notice that & 22% DL
(297219)“%, there are three possible cases to be determined.

(iv) In case z € |a, W], pi(t) < 0 for t € [a,z] and pa(x) < 0 with

ty € (z,b) such that ps(ty) = 0. We have

100,2) = [7( tl—tdt fz ty —t) dt+ft (t —ty)dt

9—1)(962—@)(17 x) +00—1)(z —a)®+ —a)* £ (b—2)? (15)

(2
= B—2)+ (0L —a) = [ — o (1— )]

(v) In case z € (a+(2299_1)b, (26— 1)a+b) p1(z) > 0 with ¢; € (a,z) such that

p1(t1) = 0 and po(x) < 0 with ¢ € (z,b) such that py(t2) = 0. We have

[0,2) = [Pt —t)dt+ [Tt —t)dt+ [P(ts—t)dt + [ (t — tz) dt
= [+ -3z —a)+(b—2)?. "

(vi) In case z € [ 219)'”” b, p1(x) > 0 with t; € (a,x) such that p;(t;) =0

and po(t) > 0 for t € [z,b]. We have

10,7) = ["(t —t)dt + [ (t —t1) dt + [2(t —to) dt
(29—1)(962—@) (b—z) +9(9 1)(b ) + (z— a)2+(b z)? (17)
Fz—a)+(0—3)(b—2)*=]1 —0)x+0b atb]2,

Consequently, the inequality (5) with (6) and (7) follows from (11), (12),
(13), (14), (15), (16) and (17).

The proof is completed.
Remark. It is not difficult to prove that the inequality (5) with (6) and (7) is

sharp in the sense that we can construct the function f to attain the equality
in (5) with (6) and (7). Indeed, if 0 < 6 < % then we may choose f such that

['(t—a), a<t<uw,
f&)=< ~{t—z)+ (x—a)T, r <t <ty
Dt—to+x—a)+ (to—x)y, t2<t<b

a+(1-20)b
ai-e) > and

for any z € |[a,
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t—a), a<t<ty,
t—tl) (1-@)’)/, t1§t<l’,
t—z+t—a)+ (v —t)T, r <t <ty

gl
=4
F(t—tg+$—t1)+(t2—[l)+t1—U,)’y, tQStSb

a+(1-20)b (1—20)a+bd
for any z € ( J;((l_g)) < 2(1_)9)+ ), and
V(t_a’% a§t<t17
ft) = L(t—t)+ (t1 —a)y, th <t<u,

Yyt —z+ti—a)+(z—t)l, =z<t<b

for any x € [(12(219)Z)+b b], and if 3 < <1 then we may choose f such that
£(t) = v(t — a), a<t<ty
Tt —t)+ (ta—a)y, t2<t<b
a+(20—1)b
for any z € [a, =5;—=], and
v(t —a), a<t<t,
f(t) _ F(t - tl) + (tl - a)% hh <t<u,
Yt —x+t; —a)+ (x— )L, r <t <ty
F(t—t2+$—t1)+(t2—l’+t1—(l)")/, tz Stfb
for any x € (H(z;;l)b, (297219)‘1“’), and
£(t) = v(t — a), a<t<ty,
Tt —t)+(tr—a)y, t1<t<b
for any x € [% b].

It is clear that the above all f(¢) are absolutely continuous on [a, b].
Corollary 1. Let the assumptions of Theorem hold. Then for all x € |a,b],
we have

a+b <(F—7)(b—a)2.

| / @) dt — (b— a)[f(z) — (x - (18)
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Proof. Letting @ = 0 in (5) readily produces the result (18) from (6) on noting
that 1(0,z) = ¢=2°.
It should be noted that (18) is a sharp perturbed Ostrowski inequality

with a uniform bound independent of z, and in particular, if we choose in

(18), . = “’TH’, we get a sharp midpoint inequality

I/a f(t)dt—(b—a)f(a;_b)’ < (F—v)éb—a) _

Corollary 2. Let the assumptions of Theorem hold. Then for all x € [a,b],
we have

I} @) de = (b= a)[(22) fla) + (=2)£(b) 19)
~(x — #1)S)| < =P,

Proof. Letting # = 1 in (5) readily produces the result (19) from (7) on noting

that I(1,z) = =2

It should be noted that (19) is a sharp perturbed generalized trapezoidal
inequality with a uniform bound independent of z, and in particular, if we

choose in (19), z = “T*b, we get a sharp trapezoid inequality
b 2
b—a I'=v)b—a
[ swa-"5 0w + s < A=

Corollary 3. Let the assumptions of Theorem hold. Then for all x € [a,b),
we have

Proof. Letting § = § in (5) readily produces the result (20) from (6) on
noting that I(1,z) = 1[(z — a)® + (b — x)?.

It should be noted that we can find the inequality (20) in [2] and [8] with
different proofs. However, we here have pointed out that the inequality (20)
is sharp in the sense that we can find f such that the equality in (20) holds.
Corollary 4. Let the assumptions of Theorem hold. Then for any 6 € [0, 1],
we have
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L F© it~ 0= f (L= O (5) + 4@+ FOI )
<Ml 1 (g 1y

Proof. Letting = % in (5) readily produces the result (21) from (6) and

(7) on noting that I(6, %) = (b_;)2 i+ (0 —3)°]

It should be noted that taking 2 = £ in (20) or § = £ in (21) is equivalent
to taking both these values in (5) Wthh produces a sharp simple three point
inequality as

a+b 1 (F—’y)(b—a)%

(=) +5lf(@) + fFOI} = T

(22)

Corollary 5. Let the assumptions of Theorem hold. Then for all x € |a,b],
we have

|, F@)dt = B2 (2f (x) + (522) f(a) + (5=2) £ (D) (23)
sl — ey < T (L)
where
1 %[(az—a)%—?)(b—x)]Q, agzg%’,
I(g,x) = 1—51’8[(x—a)2—|—(b—x)2], 3“T+b <z < a*f’b, (24)
= +(b—a)?, <z

Proof. Letting § = 3 in (5) readily produces the result (23) with (24).
It should be noted that (23) with (24) is a sharp generalized Simpson type
inequality for unprescribed x, and in particular, if we choose in (23) and (24),

T = “T“’, we get a sharp Simpson inequality

a+b 5(F—7)(b—a)2.

[f(a) +4f(——) + FO)]] < 2

(25)

It is interesting to note from (22) and (25) we can conclude that an average
of the midpoint quadrature rule and trapezoidal quadrature rule has a better
estimation of error than the well-known Simpson quadrature rule when we
estimate the error in terms of the first derivative f’ of integrand f. The same
conclusion can also be found in the previous papers [1], [4] and [7]. However,
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we here provide a generalization of the result in [4], and since both (22) and
(25) are sharp, our assertion is more convincing than that stated in [1] and

7).
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