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ABSTRACT.  Our aim in this paper is to establish new p—conformable fractional integral. For this purpose new
inequalities are obtained by using generalized n—conformable fractional integral with the help of Griiss type inte-
grals. The inequalities that exist in the literature are obtained in case of some special choices, which shows that the
inequality we achieve is a more general inequality.
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1. INTRODUCTION

If f and g are two continous functions on [a, b] satisfying m < f(f) < M and p < g(t) < P for all t € [a,b],
m, M, p, P € R, then

b b b
i | fgdt — s [ fyde [ g(di| < (M = m)(P = p). (1.1)

Inequality (1.1) is well-known in literature as Griiss inequality.

In addition to the numerous generalizations of the Griiss inequality, there are also applications in the field. Some of
these are statistics, coding theory, can be counted as numerical analysis. Recently, many researchers have had numerous
generalizations, variants, and extensions of griiss inequality in the literature, to name a few, see [1-10].

We given two theorems involving generalizations of Griiss type integral inequalities. We used a new fractional
integral operator. Also, some special cases of the main results are mentioned.

Definition 1.1 ( [4]). Let f € L,[0, o), the Riemann- Liouville fractional integral of order @ > 0 is defined by

I°f (1) = s [ = )71 f () dx,
I°f (1) = f(@),

where I is the gamma function.
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Definition 1.2. A function f is said to be invex with respect to arbitrary bifunction 7 (., .) if

flu+m@v) <A -0 f+tf@).

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

Definition 1.3 ([3]). Let f be defined on [a,b] and @ € C, R (@) > 0, p > 0, then the mixed left conformable fractional
of f is defined by

b —sy—(b—xy \¥~1 —
LI f (0 = g 7 F (o) ()T (b - sy dsa
and the mixed right conformable fractional integral of f is defined by

X —a) —(x—ay \@ 1 —
WL ) = i [ O ()T (s - ay T ds,

We introduced a new definition of the fractional integral called generalized mixed —conformable fractional integral
below.

Definition 1.4. Let f be defined on [a¢,b] and @ € C, R(a@) > 0, p > 0,1 be defined on [a, b] X [a, b], then the
generalized mixed left 7—conformable fractional of f is defined by

b 7o, _ 1 (b (b,8)Y ~(a=x+n(b,a)y’ \*~! 1
WD) = i gy £ O (GO b, 97 ds

and the generalized mixed right n—conformable fractional integral of f is defined by

. a+1(x,a) @)Y —(x—b+n(b, a-1 _
BT () = g [T f () (MR T g (5, a)) dis,

where I is the gamma function.

2. MAIN REsuLrs

In this section, we have obtained new results for Griiss type inequalities by using generalized mixed n—conformable
fractional integrals.

Theorem 2.1. Let f be an intagrable function on [0,00), t > 0, a,B,p > 0. Suppose that there exist two integrable
function @1, ¢, on [0, o) such that
©1(0) < f() < (1) V1€ [0, 00). (2.1)
Then, we obtain the following inequality for generalized mixed n— conformable fractional integrals;
RAIOAN ORI O ORI OA A NORA MIIOR ASTON
Proof. From (2.1) for all x > 0, y > 0, we have
(2(x) = FONU ) — 1) 2 0,
= () +e1(f(x) 2 e1(Me2(x) + FO)f(). (22)

a-1
If we multiply both sides of (2.2) by %a) (w) (17 (b, x)~", and integrate with respect to x on (a, a +
1(1, @), we get

PO ((n (b-x)) = (a-1+nb,a)y

a—1
) (b, )" ga(x)dx

I'(@) Ja p
+n(t,a) _ _ — -l
. 1(61(@) " ((,7 (b-x))y —ma—t+nb, a)))") (b)Y f(0dx
@) Ja P
a+n(t,a) _ _ — a-l
g ? o) [“7 ((77 b-xY -ma—t+n, a)))") (b 1)~ ()
(@) a p
() B _ _ a—1
.\ l{‘((y) ul ((7] b-x) -ma-t+nb, a)))p) 0 (b, x))p—l F(x)dx.
@) Ja P

Using the definition of generalized mixed n— conformable fractional integrals, we write

TN @20) + @1y (0 = @1y 2O + f0)LTy 7 f (D). 2.3)
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Y —(am -1
If we multiply both sides of (2.3) by 5 (M)ﬁ (17(b,y))’"" ,and integrate with respect to y on (a,a +
1 (1, a)), we get

1 a+i(t,a) b—) — _ b,a)y A-1
b1 g (1) —— ((’7( b2 (’7;“ k1 “)”) (b)Y FO)dy

r® Ja
+1(t,a) _ _ _
dnrors [ ((n(b 2 aa-t rnua)f

L (19D (b - )Y —(pa—t+n(b -
o Jg,p(pz(t)_f“ ((n( VY —ma—1+n( ,a)))p) 1 (b, )Y 013y
re Ja p

e p ‘””(”“)((77 (b-y)Y - ;a—mz(b, )y’

B-1
) (b, )Y o1()dy

B-1
-1
re J, ) (b, )™ f(y)dy.

Using the definition of generalized mixed n— conformable fractional integrals, we write

A AN O A O O A O AT OB AL O O]
This proves the theorem. o
Remark 2.2. If we choose 7(a,b) = a— b and a — 0 in Theorem 2.1, then the following inequality holds;
(PP QUG (1) +§ TP @a (052 f(0) 25 T @a(5 P @i (1) +G T F(O)G P (1),
which was proved by Celik et al. in [3].
Remark 2.3. If we choose n7(a,b) = a—b,a — 0 and p = 1 in Theorem 2.1, then the following inequality holds;
Poi(J* f(0) + I o0 f(1) = T 2D (1) + I F(OI £ (0).
which was proved by Tariboon et al. in [11]

Theorem 2.4. Let f and g be two integrable functions on [0, o), Then, t > 0, a,B,p > 0. Suppose that (2.1) holds
and moreover, assume that there exist | and Y, integrable functions on [0, co) such that

Y1 () < g(1) < Yo(1), Vi€ [0, 00). (2.4)
Then, the following inequality for generalized mixed n— conformable fractional integrals:

a. PYOU (ORI (1) +5 I oo (DL g(t) 28 Py (02007 (1) +2 07 F ()25 (1),
b. LI o (00T g(1) +2 I U (0L £ (1) 28 Y50 oy (0233 g () +5 27 F ()22 g ().
. BITP oy (0BI (1) +5 T0F F(DRIRP g(1) 2L TP @a (D857 g(1) +5 TPy (DB £(2).

d. PIPoi (ORI (6) +5 35° FOLI () 20 TP o1 (20 (1) +5 TP w (2357 (1),

Proof. To prove (a), from (2.1) and (2.4) for Vz € [0, 00), we have

(p2(x) = fF(E») — Y1 () = 0,
then

©2(0)g(y) + Y1 f(x) 2 Y1 (Me2(x) + f(0)g().
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a-1
If we multiply both sides of (1.10) by (w) (17 (b, x)y’'and integrate with respect to x on (a,a +
1 (1, a)), we get

a+1(t,a) b, _ _ b, a1
% ((77( X)) (ap t+1n( a))p) (1B P or(dx

L o) a+(t.a) ((n (b, x)Y —(a—t+nb,a)
() J, p

+n(t,a) _ — o\l
S lﬁl((j)) 7 (()7 (b, x))p (Clp t+n (b, a))/ ) (77 (b, x))p—l ¢2(x)dx

+(t.a) —_ _ a—1
+ lé'(_(i)) n ((77 (b, x)) (ap t+n(b, a))ﬂ) by o

Using the definition of generalized mixed 17— conformable fractional integrals, we can write;

a-1
) (b, )" f(x)dx

LT 02(t) + Wi WL £ > v 05Ty 02 (D) + gLy f (D). 2.5)

(e N ) )
If we multiply both sides of (2.5) by I"L(ﬁ) (w)ﬁ (17(b,y)’"" and integrate with respect to y on (a,a +
n(t,a)), we get

1 +1(t,a) b,y)Y - (a— b, p\A-1
e (e ten “”) (1 b)F g () dy

1 +1(t,a) b, _ _ b, £-1
Ny f (("( A2}t Clt et/ “”p) (1 (b)Y w1 )y
re J. o

| 00 [ (1 (b)Y — (@ — b ayp V!
Sh 0 (1) ((”( A2} Clt et/ “”p) (b)Y 1)y
F(B) a P

1 a-+1(t,a) b, ’ _ (g — b, o \f!
IO | ((n( > (ap = a)y) (&)Y g () dy.

Using the definition of generalized mixed 17— conformable fractional integrals, we can write;

O ORI O A O A A O A A A IO AR O

This proves (a). To prove (b)-(d), we use the following inequalities:

b, (Y2(x) — g —e1(») 2 0,
c. (p2(x) = f())(E®) —y2(y) 20,
d. (e1(x) = f))(E®) —¥1(») = 0.

The following inequalities are the special case of Theorem 2.4.

Remark 2.5. If we choose r7(a,b) = a — b and a — 0 in Theorem 2.4, then the following inequality holds;
(@) QPP (DT (1) +4 TP oo (0P (1) 2 PPuri (1] @a(t) + I F) /PP g(0),
(DY Q1D (1) +4 J* (OGP (1) 2 JPP@1(DGI™ P a(t) +5 TP F(DI"F g (D),
(©) TP (DI Y (1) +4 T F(ORIPP g(1) 24 TP @a(Dg PP g(1) +§ JPPYa (D™ £ (1),
(@) (I P01 (OGP (1) +§ T FOGIPPg(8) 2 TP o1 (P g(t) + PPy (05 f (1),
which was proved by Celik et al.in [3].
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Remark 2.6. If we choose n7(a,b) =a—b, a — 0and p = 1 in Theorem 2.4, then the following inequality holds;

(@) PPy (DI f(@) + T 020D g(1) = PPy (002 (1) + J° () g(1).

(D)o g(t) + T Yo () £ (1) > PP () Yo (1) + P f(1)Ig(0).

(©) "2 yra(1) + J° F() P g(t) = T @a(0) P g(1) + PPyra (DT £ ().

(d) I (i (1) + J° F(DF (1) > T o1 (DI g(1) + Py (1) f(1).
which is proved by Tariboon et al. in [11].

Lemma 2.7. Let f be a integrable on [0, ), invex function, ¢y, @2 be two integrable functions on [0, 0) and t >
0, a,p > 0. Suppose that the condition (2.1) holds. Then, we have following equality for generalized mixed n—
conformable fractional integrals;

(b,a+nt,a) —(@-t+nb,a))"  @b,af —(@-t+nb,a))"
I'(a + 1)p? I'(a + Dp*

DIo £2(1) x [ ] - CI f()?

= QI 0a(0) =L T3P FO)CETT (1) =4 T5 P 01(0)) — CT P 0a (1) =4 T5° FeNCIg? £(1) =2 T3P 01 (8))

« (b,a+nt,a)f —(a—t+nb,a)))" @b, —(@-t+nba)))"
I'(a + Dp* I'(a + 1)p?

10 (0 (1) X (mb,a+nt,a@) —(a-t+nb,a))* @b.af —(@-t+n(b, a))p)"]
a*n

I'(a + 1)p* I'(a + 1)p?

DI ORINT F(2) +5 T3P oo (1) f(£)

o [(n(b,a +nta) —(a-t+nb,a)))" 0b.af - (@-t+nb,a))"
I'(a + 1)p? I'(a + 1)p?

DI T £ (0 +5 T 01(Dea(t) =4 TP @1(Da(t)

« ((b,a+nt,a)f —(a—-t+nb,a))f)" @b, —(@-t+nba)))"
I'(a + Dp* I'(a + 1)p? '

Proof Forany x,y > 0, we have
@2 = FON@) = 91(0) + @20 = FF) = £10)
—(p2(x) = FO(f(x) = p1(x)) = (2(0) = FONSFO) — 01(1)
= P20+ F20) = 2D 0) + 0K + e1(DF0)
~p1(020) + £2(DF )+ C1 () = G1 2 () =0
(R f() + G D) — D F ) — 20 F)
1020 — 91 F ).

p o\a—1
If we multiply both sides of (2.6) by ﬁ (w) (7(b,x)’"! and integrate with respect to x on
(a,a + n(t,a)), we obtain
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(@20) = FONCIY £(t) =5 I 01(D) + Gy P oa(t) =5 I3 FIO)FO) — 1(7))

= P (@2(1) = FO)S (D) = 1(1) = (920) = FONS ) = 1))

y (mb,a+nta) —(a—t+nb,a))" qbaf - (a-t+nb a))
I'(a + 1)p? I'a + 1)p

(b,a+nta) —(a—t+nb,a))" @b.af -(@-t+nba)))"

_b qap 2 2
“a ‘,(7;[ f ®»+ f (y) X [(a + l)pa T'(a + l)p"

= 2f LT £ + @20I Y £ + FOoT P 01(8) — o202y 01 (D) + FO)2Ty P (D)
+ @I NEIE £(1) = @rETs P 0a (1) =5 Jo P o (8) f () +5 T3P @1 (1)pa () =2 T3P 01 (O (1) — 20 f (V)

(p(b,a+nt, @)Y —(@-t+nb,a))* @b,af - (a-t+nb,a))"]
I'(a + 1)p® - T(@ + Dp® | +@10)¢p2(y) 2.7)

[(n(b,a+n(t,@) —(a-t+nb,a))" @b,af —(a—-1t+nb,a))"]
T(a@+ Dp° B T(a + 1)p? | OO

[ (b.a+nta) —(@—t+nb,a))"  @b,af —(a—1t+1ba))"]
I'(a + 1)p? I'(a + 1)p? '

a—1
If we multiply both sides of (2.7) by ﬁ (w) (17 (b,y))*"" and integrate with respect to y on (a, a +
n(t,a)), we have

CIZP0a(1) =2 I FO) I F(5) =5 T3P 01 (1) + CI3 0a (1) =8 T3P FNCI? f(1) =5 I3 1 (1))

A SN O A S 4 05) [ M () B AR (3))

(| @batn@a) - (@-t+nb.a)f)"  @baf - (a-t+qba)f)
I'(a + 1)p? I'(a + 1)p?

VA S O A S 4 05) [ M () B AR (3))

(| @Ga+n@a) - (@-t+nb,af)"  @baf - (a-t+nba)f)
I'(a + 1)p? I'(a + 1)p?

= TP £2(0) %

(mb,a+nt,a)f —(a-t+nb,a))" @qbaf -(a-1+nba))
I'(a + 1)p I'(a+ 1)p?
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(mb,a+nt,a) —(a-t+nb,a))" @Ob.af —(@-t+nba))

b ja.p 2
oy 0% T(a + 1)p” T(a + 1)p®

= 203" FORTy £ +a Iy a1 f(0) +4 Ty o1 0Ty f (1)

=L TP o1 (DL oa(t) +5 Iy oa (DI £(8) +5 Ty P o155 F(&) =5 Iy o150y  @a(8) =5 Iy g (1) (2)

(((b,a+ (@) —(a—t+nb,a))"  qb,af —(@-t+7b,a)P)"| 4 ap
8 M@+ Dp* Tt " |+ 01000
[((p(b,a+n@ @) —(a—t+nb,a)) _(b,af —(a—1t+ (b, @)y)" b an
8 @+ Dp* TerTp | s
[ (b,a+ (@) —(a—t+nb,a))" @b,af —(@-t+nb,)")"| , ap
8 @+ Dp” Tt Dp |- s
[((n(b,a+nt,a) —(a—t+nb,a))" (e —(a-t+ nb, )| b, ep
8 [ [(a + 1)p® T(a + Dpe | +o Jy 1(D¢a(1)
[ (b,a+n(ta)f —(a—t+nb,a))"  @qbaf —@-t+nb,0F)| 4 ap
8 [ T(a + 1)p? T+ pe | o Jn 1 Of (1)
y [((n(b,a+n@ @) —(a—t+nb,a)) ~ (b, ay —(a—t+n(b,a))"]
I'(a + 1)p? (e + 1)p® :
This proves lemma. 5

Remark 2.8. If we choose n7(a,b) =a—band a — 0, in Lemma 2.7, then the following inequality holds;
b f20) G — (G f(0)? = <g$pwz(<t> —g)p I FO)GI™ f(1) =4 I 1 (D)
_ b B t )Q 0 (0% Q.
— e (G (1) = S F ) F(D) = T (1)

I'(a + 1)p? f
+I P01 (1) f () G —b I (DI f(0)

T+ D"
b —(b-1P)
#4072 2010 S s 0 0 4 5 1 )
=017y
[l + 1)p*

=B Iy (1)a(1)

which is proved by Celik et al. in [3].

Remark 2.9. If we choose 7(a,b) =a—b, a = 0and p = 1 in Lemma 2.7 then the following inequality holds;

P RO ~ U FOR = (ead) = P FO) £ = I )
T e = IO @) = e o)
@ " _ g (3 b qa i
+J ‘Pl(l)f(t)—r(a ) JYo1 (I f(1) +5 J wz(t){(l)—r(a+ D

—F (DI F(1) + I (D)ga(t) - J“wl(t)QOz(t)ﬁ.

which is proved by Tariboon et al. in [11].
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Theorem 2.10. Let f, g, ¢1.¢2, Y1 and Y, be six integrable functions on [0, co).Satisfying the conditions (2.1) and (2.4)
on [0, 00). Then, forallt > 0, a,p > 0, we have following inequality for generalized mixed n— conformable fractional
integrals

byP @b atnt@)) —(a=t+nb,a)y)" _ @b.af—(a=t+nb.a))* | _b1¥pr £r b 1P
laJn J(0)g(®) X{ T(a+Dp? - T(a+Dp? } R A g(t)|

(2.8)

< NT(f, 19T (8, 91, ¥2),

where T (u,v,w) is defined by

T(u,v,w) = CIyPw(t) =5 5 Pu@)CIy P ut) =2 35 v(t)) +5 35 v(o)u(r)

X{(n(b,a+77(t,a))p—(a—t+n(b,a))p)" _(b,af —(a—t+nb,a))"

b ya.p bya.p
D JEPY ORI u(t
(e + 1)p? (a + Dpe } o Iy V(Dly ")

TP w(Ou(t) X {(77 (ba+nt,a)) —(@—t+nb.a)))" 0b.a —(a-t+n, a))’”)"}
a*n

I'(a + 1)p? I'(a + Dp*

DI PwOE Ty u(e) +5 Ty T P w(r)

DIt (Ow(r) x {

(b,a+nt,a)f —(a-t+nb,a)))" @b, —(@-t+nb a)))"
I'(a + Dp* I'(a + 1)p? ’

Proof. Let f and g be two integrable functions defined [0, co) satisfying (2.1) and (2.4). We define

H(x,y) = (f(x) = fON(&(x) = &), x,y € (0,0), 1>0. 2.9

Multiplying both sides of (2.9) by

a-1 a-1
21 (U(b,X))”—(a—Hn(b,a))p) ((U(b,y))p—(a—Hn(b,a))") % (7 (b, )P~ (7 (b )P
I () p P

where x,y € (0,a + 1 (¢, a)) and integrating the resulting identity with respect to x and y, from a to a + 1 (¢, a), we can
state that

1 patna) patn(ta) b)Y —(a=t+nb.a)y \* ! 1
@ o S (f) (b, )y

X (—("(b’y)yf(afw_(b’a))p )(H (n (b, y)Y~" H(x, y)dxdy
p b b
(2.10)

_b jup b.a+n(t.a) —(a—t+nb,a))*  @b.a)f —(a—t+nb.a)°)"
= Jy" f(Dg(1) x [ T(a+p° - T(a+Dp° ]

ol F Ty 8 ().
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Applying the Cauchy-Schwarz inequality to (2.10), we have

1 a+n(t.a) ratnta) (b)Y —(a=t+nb.a)y N1 ( (Y)Y —(a=t+pb.a) !

[zrz(a) a Jz; ( P ) ( o )
_ _ 2
(f(x) = FONEX) = g0 (b, )Y~ (7 (b, X)) dxdy]
1 a+n(t,a) ra+n(t,a) ( (n(b,x))’ —(a—t+n(b,a)y a-1 (b)Y —(a—t+n(b,a)) a-1
s [ZFZ(Q) fa fa ( p ) ( p )
(2.11)

() = FON* (b)Y~ G (b, )y~ dxdy)|

1 atnta) carn(ta) ¢ (b)Y —(a—t+nb.ar \2= 1 ( Goy)Y—(a-t+b.ay |1
x [2r2<a> L ’ ) ( 0 )

(8(x) =80 (b)) (n (b)Y dxdy].

From (2.10) and (2.11), we obtain

[Z J‘;-P F()g(t) {(n(h,a+n(l,a))”—(a—t+77(h,a))'°)“ _ mb.ay—(a-t+nb.a))’)”

2
b JP LoD 7P
T(@+Dp" Tla+Dp" }_ajg LTy g(t)]
b j%p £2 (n(h,a+n(t,@)’ —(a—t+n(b.a)))* (n(b.aY’ —(a—t+n(b.a))")* b P 2
S ASROY Rt S T B WASIO)S
b e 2 b.atnt.a) —(a-t+nb,a))*  (b,a)’ —(a—t+n(b,a))’)" b 74P 2
X[a‘]z 8 (t){ T(a+)p” - Tla+p® }_(a‘]g 8(®) ]

Since (@2(1) — fO)(f(®) — 1)) = 0 and (Y2(2) — g(D)(g(®) — Y1 () = 0, for ¢ € [0, c0), we have

(b,a+n@a) —@-t+nbay)  Ob.af —@= 140Gy owp _
{ Tt Tt I }ani, (@2(0) = FINFW) = ¢1(1) 2 0,

mb,a+nt,a)f —(a-t+nb,a)))" @b -(@-t+n0,aA)" |, ap _ _
{ T(a + 1)p” T+ D)p® } Xo Jn” W (1) = g)(8(1) = Y1 (») 2 0.

Thus, from Lemma 2.7, we obtain

b P £2 mb.a+nt.a) —(a—t+nb,a))* @bl —(a-t+nb,a))’)" b P 2
oy’ f (t)x{ T(a+ Dpe - Tlat Dp° }_(ajg (@)

< QI oa(0) =4 Iy FOYGTYY F(0) = TP on(0) +, Ty o (0 £ (1)

barneay—a-rqbayy @G0 —(a@—t+1G,a)) ) o ap e
X{ T(a+1)p® - (e + 1)’0(, “a J;] Qol(t)a‘];] f(t)

+l; Jg»p @2(1) X {(n(b,a+77(t,a))"—(a—t+n(b,a))")” _ (n(b,a)"—(a—t+n(b»a))")”}

Cla+1)p” T(a+1)p” (2.12)

=PI (OLT) F (@) +5 TP o1 (DL 0o (1) =5 Ty o1 (D (1)

> {(n(b,a+n(t,a))"—(u—t+rl(b,u))" ) ey —(a—f+77(b,a))")"}
[(a+1)p* I'(a+1)p*

=T(f, p1.92)
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and

bap 2 (b.atn(t.a)’ —(a—t+nb.a)))*  (b.a)° —(a—t+n(b.a))’)" b %P 2
aIn’8 (t)x{ T(atDp° - TatDp° }_(uf; 8(1)

< GIy o (0) =5 Iy g Gy g(t) =5 Ty (0) +5 1Py (g (1)

(mb,atn(t,@)) —(a-t+nb.a)))*  @b.a)f—(a-t+nb.a)))* | _b jap b P
X{ T(a+Dp - Tlat Dpe }_ajr; U050, 8(®)

b j.p mb.a+nt.a) —(a—t+nb,a))*  @b.a)f —(a—t+nb.a))° )"
00y 0 (0) e — by atenb ) ) (2.13)

DIy (05T g(6) +5 Ty P O8Iy wa(t) =5 Ty un (D (2)

% { b.atn(t.a)y —(a=t+nb.a))* _ @b.a)f ~(a=t+nb.a)))* }
T'(a+1)p* T'(a+1)p

= T(gs ¢1,¢2)~
From (2.11), (2.12), and (2.13), we get (2.8). O

Remark 2.11. If we choose (a,b) = a—b and a — 0 in Theorem 2.10 then the following inequality holds;

b1 FOR() Sl b e fap e 9| < T g @) T g 91, 00) »
where T'(u, v, w) is defined by

T(u, v, w) = GJ"Pw(e) =5 J*Pu(e)GI" u(t) =4 JPv(0) +h J*ov(eyu(r) Gt

et
=BTV u(t) + TP w(byu(r) Gt

=BT W(ORITPu(e) +5 J ORI w(E) =5 TP w(n) Cre

which is proved by Celik et al. in [3].

Remark 2.12. If we choose in Theorem 2.10 (a,b) =a - b, a - 0 and p = 1 then the following inequality holds;

I fOgO i — J"f(t)J”g(t)| < NT(f 19T (841, 42) »
where T (u, v, w) is defined by
T, v, w) = (J*w(t) = Ju(@®)(J*u(t) = J D) + J W Ou(t) ghg; = I VOI u() + I wOu®) g
= WO u(t) + VO W) = I VOW) 7

which is proved by Tariboon et al. in [11].
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