Received 21/06/17

ON SOME OSTROWSKI AND TRAPEZOID TYPE
INEQUALITIES FOR GENERALIZED RIEMANN-LIOUVILLE
FRACTIONAL INTEGRALS OF ABSOLUTELY CONTINUOUS

FUNCTIONS

SILVESTRU SEVER DRAGOMIR!:2

ABSTRACT. In this paper we establish some new Ostrowski and trapezoid type
inequalities for the generalized Riemann-Liouville fractional integrals of ab-
solutely continuous functions. Some examples for weighted integrals and for
Hadamard fractional integrals are also provided.

1. INTRODUCTION

Let f : [a,b] — C be a complex valued Lebesgue integrable function on the real
interval [a, b] . The Riemann-Liowville fractional integrals are defined for o > 0 by

ﬁafmw=rayéax—walﬂww
fora < x <band
b
J&f@»=f%5/‘a—xf*fuwu

for a < z < b, where I' is the Gamma function. For a = 0, they are defined as
J0uf () = IO (x) = f () for @ € (a,b).

For several inequalities for Riemann-Liouville fractional integrals see [1]-[5], [13]-
[30] and the references therein.

Let (a,b) with —oo < a < b < oo be a finite or infinite interval of the real line
R and « a complex number with Re («) > 0. Also, let g be a strictly increasing
function on (a,b), having a continuous derivative ¢’ on (a,b). Following [21, p.
100], we introduce the generalized left- and right-sided Riemann-Liowville fractional
integrals of a function f with respect to another function g on [a, b] by

(1.1) o f@) = — / gwrwd -y

a+, —a?
! L(@) Ja [g(@) =g @)
and
1" g@f)dt
(1.2) I f(@) = / g (1) /() —— a<z<bh
I'(@) Jo [g(t) — g ()]
For g (t) = t we have the classical Riemann-Liouville fractional integrals intro-

duced above while for the logarithmic function g (¢) = Int we have the Hadamard
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fractional integrals [21, p. 111]

(L3)  HL @)= 1)/ i (2)]"7 L2 g caca <

I'(«a t t
and
(1.4) H"‘f(x)'_l/b (L BRI 0<a<z<b
’ b= T T(a) /, x t T '
One can consider the function g (t) = —t~! and define the "Harmonic fractional
integrals” by
A f@t)dt
. o = < <
(1.5) R2, f(x) I‘(a)/a e 0Sa<e sy
and
zle /” f(t)dt
1.6 Ry f(z) := ,0<a<z<h
( ) b f( ) F(a) . (t—m)liata"’_l

Recall also the concept of generalized mean generated by a function. If g is a
function which maps an interval I of the real line to the real numbers and is both
continuous and injective then we can define the g-mean of two numbers a, b € I by

M, (a,b) = g~ (g (a) +9 (b)> _

2
If I =R and g (t) = t is the identity function, then M, (a,b) = A(a,b) := £,
the arithmetic mean. If I = (0, 00) and g (t) = Int, then M, (a,b) = G (a,b) := Vab,
the geometric mean. If I = (0,00) and g (t) = 1 then My (a,b) = H (a,b) =
%, the harmonic mean. If I = (0,00) and g(t) = t?, p # 0, then M, (a,b) =

M, (a,b) :== (%)1/17, the power mean with exponent p. t

If w: (a,b) — (0,00) is continuous, then the function g(t) := [ w(s)ds is
strictly increasing on (a,b) having a continuous derivative ¢’ on (a,b) and then we
have

(1.7) Iy wfx) =13,  f(x) = I‘(la) /z [ w(t) f(t)dt

ff w(s) ds] e

a<x<b

and

b w
A8 @)= @) = s [ ; (tzi g)ﬁta,mmb.

For a = 1 we get the weighted integrals
T b
L (@)= [ w(®F O dtand Iy i(@)i= [ w(o)f @)

where z € (a,b).
In [17], we obtained amongst other the following trapezoid type inequality
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(g(z) —g(a)” f(a)+ (g (b) — g ()" f (b)

(1.9)  |Loy of (@) + L f () — N
1 '}1 ) — a a+1 ]1 _ " a+1
STt [||g g 0 9@ 7., e 9@ ]
1 f/ a+1 a+1
STy, 0@ @ @O —g@)™]

for any = € (a,b) and provided z—: € Ly la,b], while in [16] we obtained the
Ostrowski type inequality

(1.10) |13 gf( )+I§‘+gf(b)— NCEE) f(2)
1 f ~ (e f ()
T01) |7, 0@ @O g, @O @) ]

1 f/ a+1 a+1

STy, 0@ @ @O —g@)™]

if f € Lo [a,b] and for any x € (a,b).

If w : (a,b) — (0,00) is continuous, then by taking the function g (t) :=
fatw( )ds and @ = 1 in (1.9) and (1.10) , then we get the following weighted
integral inequalities

b T b
(1.11) / w(t)f(t)dt—f(a)/ w(s)ds—f(b)/ w(s)ds

% [ [a,2],00 (/:w(s) d5>2 ’ [,b],00 </zbw(3) ds) 2]
b [(/jw(s) ds>2+ (/:w(s) ds>2]

f

f

w

f/

1
2

f/

(s 2 (fes)]
| (o) ([ o)

f/

1
2

for any x € (a,b).
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If we take in these two inequalities w = 1, then we recapture the well known
generalized trapezoid and Ostrowski inequalities

(1.13) t)ydt— f(a)(x—a)— f(b)(b—2x)
< 2 [ = 1 N + 6= 2 1 N
g[i(b—a>2+(w SN T
and
119) | [ 1@ dt = £ @) 6= a)] < 5 [15 gm0 @ = @) + 1 iy (0= 2]

IN

||f ||[a b],00

1
2
1 x_a+b
4
for any z € (a,b).

In this paper we establish some new Ostrowski and Trapezoid type inequalities
for the following operators

Dla+1) [ I3y ,f () N Iy f (@) ]
2 @) —g@]*  [g(b)—g ()]
and
T(a+1) [ I ,f(a) Ig o f(0) ]
2 |lg@) —-g@]*  [g(b)—g@)]"]

where x € (a,b), associated to the generalized Riemann-Liouville fractional inte-
grals of absolutely continuous functions. Some examples for weighted integrals and
for Hadamard fractional integrals are also provided.

2. SOME PRELIMINARY FACTS

We have the following equalities of interest:

Lemma 1. Let f : [a,b] — C be an absolutely continuous function on [a,b]. Also
let g be a strictly increasing function on (a,b), having a continuous derivative g'
n (a,b). Then for any © € (a,b) we have

(2.1)

Dot l) [ Bl @) Lyl ]_f@+10)
2 @ 9@ O - g @I 2
1

2[g(z) — g (a)]” / (9(x) =g @) f (t)dt
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and
FlatD) [ 19 ,f(a) 2, 0) 1
N PO ET IO SRI0 —g(z)}a} =/
1 b o
oo AR NACL

1 @ o
_m/a (g(t) —g(a)” f(¢t)dt.

Proof. Since f : [a,b] — C is an absolutely continuous function on [a, b], then the
Lebesgue integrals

[ @@ -9 @i | b

x

(g () =g ()" f'(t) dt

exist and integrating by parts, we have

23) tagy [ @@ -a@)r 7 O
1

5 [ 0@ -a0r 01 0d - o

ol @)= 57 )

N~

—9(a))” f (a)

fora < 2 <band

b
24 gy | GO—s@) F O

m (9 (b) — 9($))a f(b) — Iz?—,gf(ﬂf)

for a <z < b.
From (2.3), we then have
Pt Dig,f@ 1 e
GE s O G ], @ 0" O
for a < & < b and from (2.4) we have
Fla+1) L  f(2)

1 b .
G0 —g @) :f(b)—m/m (g(t) =g (@) f (t)dt,

for a <z < b, which by addition and division by 2 give (2.1).

By the definition of generalized Riemann-Liouville fractional integrals, we have

1 b .
It )= 0 / (9(b) — g ()™ g’ (t) f (t) dt

fora <x <band

I3 4f (a) = ﬁ / ) -g @) g W Bt

for a < x <b.



6 S.S. DRAGOMIR

Since f : [a,b] — C is an absolutely continuous function [a, b], then the Lebesgue
integrals

T b
| @ =g@) r@aand (e -g@) @

exist and integrating by parts, we have

23ty | @O g F @
1 @ 1 ‘ a—1
T @ @) @)~ [ @O 9@ g O O
1 o N
" Tlarn W@ 9@ f @)=Ly f (@

fora < x <band

b
29 gy | @O s ) F O

o+
1

=0 O~ g 00 @) S @
for a <z < b.
From (2.5) we get
F(a+1)]_§_,gf(a) _ . 7; v —ala)®
e = @)~ s [0 - g@) ()

for a < & < b and from (2.6)

Pt DI, /) o 1 b ) o
G —g@) /¢ )+(9(b>—g(az))a/x (g (b) — g ()™ f (1) dt,

for a <z < b, which by addition and division by 2 produce (2.2). O

Corollary 1. With the assumptions of Lemma 1 we have

w o a a a _
[g (b) _ g(a)]a [IaJr,gf (Mq( ,b)) + Ibf,gf (Mg( ,b))}

a—1 Mg (a,b) a @
[

lg(b) — g
[ 9@ +g®)\"
/Mg(a,b) (s - 205 20) <t>dt1

. {UEIU
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and
28 S B of @)+ Bty angnf 0] = £ (4 (0.5)
a—1 b
i lg (b)2*g(a)]“ l/M " (g(d) —g @) f' () dt

By taking the integral mean in Lemma 1 we also have:

Corollary 2. With the assumptions of Lemma 1 we have

F'(a+1) 1 bIg  f (x)dx 1 I f (x)de
29) 2 b—a/ [g(x)g(a)]a+b—a/ [g(b) g (@) ]
_fl+ Ja € ()" £ (t) dt
o 2 b—a / g(a)]”
) fm () —g @) f' Wt
2<b—a>/a 9@ —s@I
and
T(a+1) | 1 [ I fla)de 11y f (b)da
(2100 =5 b—a/a (@) —g(a >1”b—a/ ) —g @I ]
I (g ()" f' () dt
S EIRCLIE= o
B fa g(t) —g(a)® f'(t)dt .
o
Remark 1. The equality (2.7) has been obtained in an equivalent form in [17] while
(2.8) in [16].

If w: (a,b) — (0,00) is continuous, then by taking the function g (¢) :=
f; w (s)ds in Lemma 1 above, then we get

(2.11)

ot [ Iwf@  Bwf@ | rweso
2 L[ w(s) ds}a [f;w(s) ds}a 2

+2[f{fwl(s)ds]a/am </tmw(s)ds>af’(t)dt

ey [ [ o
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D(a+1) | I3 wfl(a) 12w ()
x - (e} + @ = z
[an(s)ds} [f:w(s)ds} ] f (@)

1 b b @ /
+2[ffw(s)dsr/x </t w(s)ds) (@) dt

“stwear |, ([ros) ron

For a = 1 we get the weighted integral equalities

L[ ffw@ fod  [Jw@ f@)dt]  f(a)+f0)
(219) 2[ Fumd [P (t) dt ]_ 2
1 1 T T , 1 b t ,
3 fjw(s)ds/a </t w(s)d5>f (t)dt_fzbw(s)ds/z </ w(s)ds)f (t)dt]
and
V[ ffw@ f@dt  [Pw®) f@)dt]
(2.14) 2[ o d + o) ]—f(x)

1

= [le()d/ (/tbw@)ds) f'(t)dt—m/j (/:w<s>ds) f’(t)dt]-

In particular, if w = 1 then we have

(2.15) ;lgjiCL/xf(t)de_Z/‘bf(t)dt}

b
fla)+ 7)1 lxi/ <x_t>f’<t>dt_bfx/ (t—x)f’(t)dt]

2 2 i
and
x b
(2.16) ;lwla/ f(t)dt+ﬁ/ f(t)dt]
b T
:f(x)—i—% bix/ (b—t)f’(t)dt—zia/ (t—a)f’(t)dt].

3. INEQUALITIES IN TERMS OF co-NORM

The following result holds:

Theorem 1. Let f : [a,b] — C be an absolutely continuous function on [a,b]. Also
let g be a strictly increasing function on (a,b), having a continuous derivative g’
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on (a,b). Assume that ch—: € Lo [a,b], then for any x € (a,b) we have

F@4fB) Tla+)[ B f@ | I @
3.1) 2 2 | e o TS e ‘
S (@) -g(@)+ L _g@))]

9 llo.c,
|5],., 0® —gta)

! (H?Hf et ’Hfb,oo>1/p[<g<x>—g<a>>q+<g<b>—g(xm”q,

S2(oz—|-1) pog>1, l—l—%
50 18] [Fo® o)+ o - 2230
and
T(a+1) [ I3 ,f(a) I, f0) 1 i
R { @) - g @I [g(b)—g(m)}a] /(@)
S ICESY g<z>>]
il e
2. b],oo@(b) 9(a));
1/p
| N q q11/q
< 1 ( & fa.e].00 L Mm) [(g(z) —g(a)?+ (g(b)—g(z)T]"?,

2D p g1, by

[

Proof. By Lemma 1 we have for = € (a,b)

1
q

[2,b], } {%(Q(b)—g(a))ﬂg(ag)—w _

(3-3)

]_f(a)+f(b)‘

2

T (a +1 { I3 o f () N Iy f(z)
g(m —g(@)]*  [g()—g(x)]"
<

1 x "
e | @@ e 7 0

1 b o
O —g @ / (9 (t) =g ()" [ () dt

1 @ o
Sg[g(x)_g(a)]a/a (g(x) =g @)™ |f ()| dt

1 b .
S ) B0 —a @) I @l = AG)
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and, similarly

g(@]” g (0) —g ()"

1 b .
roerte S GCRNACIL
1

i W/ (g(t) —g(a))*|f/ (H)|dt = B (x).

Plas) [ Iyl | 15,00 ],
34 ' 2 {[g@:) * ] /@)
<

Observe that

T

/ (g (@) — g ()" | ()] dt = / (9(2)— 9 ()" ()

) f ()
g (1)

< essup
t€la,z]

(g (x) — g ()"

a+1

fl
g

[a,z],00

and, similarly

f/

ol

(9(0) —g (@)™
a+1

[ -1 wla<

[z,b],00

Therefore
- 1 I (9(z) —g(a)*"!
A0 S @ =@ |9 sy a1
PN S (g(b) = g (@)™
29 (0) =g (@) 19 Il 2.0],00 a+t1
! ']1 xXr)— a Ji — €T
20+ 1) |10 [l jgage (9(z)=gla) + 7 . (g(b) —g( ))],

which proves the first part of (3.1).
Since, by Holder’s discrete inequality

mn + uv < (m? 4 uP)'P (n? 4 1)

where p, ¢ > 1 with % + % =1 and m, n, u, v > 0, we have further



ON SOME OSTROWSKI AND TRAPEZOID TYPE INEQUALITIES 11

i 4
|12 RO Iz a0
max{Hg,/ aal.o0” ‘ 5: [x7b]700} (g(0) —g(a))
A e ) e @y oo g,

b, q>17 %‘i’%:la

wax{g @)~ g @) -9 @} || 5] +]5]., ]
|5l (0 ®) =g @)
L ) e @ e g,

1 1 _ 1.
paq>17 ;+5_15

[ [m,b],oo:| B (g (0) — g () + |g (z) — L)tale)

which proves the last part of (3.1).

The inequality (3.2) follows in a similar way by using (3.4) and the details are
omitted. ([

f/

g/

f/
g

[a,x],00

Corollary 3. With the assumptions of Theorem 1 we have

@) [LOTIO 2L (1 00y (00) + 1y (0 (09)
- ﬁ o @)= g @) [Hg: [0, M, (a,)] 00 ! ’ i;'/ [Mg(aqb)yb]m]
< s 00 -9 ] "
and
36 |2 [0 o @)+ T of O] 0 (00)
< o 00 -9 () UJ; e 1z [MQ(W]J
< g 00 -s@)| "

These inequalities have been obtained in an equivalent form in [17] and [16].
If w: (a,b) — (0,00) is continuous, then by taking the function g (¢t) :=
f:w(s) ds and o = 1 in Theorem 1 above, then we get the following weighted
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integral inequalities

Fl@+f0) 1[[fwmf@d  [Jw()fE)d
0 ‘ : 2[ ffw<t>dt e ]
il . ()dt+‘fl [zb]oo/:w(t)dt]
o
iyl (\{;’;J];\{U - )”p (U wma+ (Pwma)]""
4 p,q>1,%+§:
£ +||£ L w(t)dt + | [Tw(t)dt — L [Pw(t)dt
la,z],00 [2,b],00
and
1 faw()f()dt ffw()f()dt
o M Jrwar f (0 di ]_f(x)‘
éi[ BWALEY - WS
2
Si <{U/1[)ax]oo fa [x,b], )Up[(farw(t)dt)q+(f;w(t)dt)q}l/q,

poa>1 s+, =1

v [w,b],oo:| [% f;w(t) dt+ | [ w(t)dt — 5 ,fw(t) dtH

[&

for any z € (a,b).
Moreover, if we take in these two inequalities w = 1, then we get the inequalities

= b
f(a)‘;f(b)llxia/a f(t)dtJrﬁ/w f(t)dt]

[

la,z],00

(3.9)

< (1 oo = @) 1 e (6= )]
1Mo 81,00 (0= @) 5
1/
<1 (Ilfll[awoo+||f||$b] D) o0+ G- a1,

p,q>1 E"‘a—l

(1D a0 18 ] (2 (b= @)+ o = 252]]
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and

(3.10)

N =

i dH/fdt] @

7 1 Mmoo @ = @) 17y (0= )]
Il ||[a,b},oo (b—a);

1/p 1
OUthw+Wﬂum,) (@ —a)" + (b—a)"]"",
p,q>1 5"‘6_1

IA
g

(17 a0 + 1 0] [3 0= @) + [ = 252]]

for any z € (a,b).

4. INEQUALITIES IN TERMS OF p-NORMS
We also have:

Theorem 2. Let f : [a,b] — C be an absolutely continuous function on [a,b]. Also
let g be a strictly increasz'ng function on (a,b), having a continuous derivative g’

n (a,b). Assume that £ 7 €Ly [a,b], where p, ¢ > 1 where Z%Jr % =1, then for any
x € (a,b) we have

‘f(a)+f(b) T(e+1) [ 134 4 () Iy o f () }
2 2 lg(@) =g (@)]” " [g(b)—g (=)

1 b 1 I 1
< T xr)—gla))? T b) — x))4
2 ag 1 1) [ &) [aw],p(g( ) —g(a)) @ lons (9(b) —g(2)) ]
1 ! 1/q
= 1 I b a
gt )7 | ) . [9(b) — g (a)]
and
Tla+1) I3 g1 (a) I3y o f (b) — f(z
42 [HGR e o)

1 I 1 b 1
< N z)—g(a))e - b) —qg(x))e
= Ylag ) [ o) [aw]’p(g( ) —9g(a)) @, (9(b) — g (x)) ]

1 f 1/q
T b) —
= 20t 07 )7 ||, g (b) — g(a)]

Proof. By Holder’s weighted integral inequality

d d 1/p d 1/q
/u(t)v(t)w(t)dt <</ u(t)|pw(t)dt> </ |v(t)qw(t)dt>
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where p, ¢ > 1 with % + % =1 and w > 0 a.e. on [¢,d], we also have

/(@)

o) " ([ w@-swrs ) v

</

g'(t)
o e (9(2) ~ g(a)"*
@) Nljaa1p (2t 1)/
and similarly,
/b (g(t)—g (;1;))04 @) J () dt < f! 1 (g(b) — g (m))’”% |
P g (t) (g')7 wblp (aq + 1)1/q

1 x Qe
(13) A@) = s / (9.(x) — g ()" |f' (1) dt

b .
e L @0 @) I @l

< 1 f (9(x) —g(a)*"7
T 2@ 9@ (g7 |, ,, (ag+D)
T ! f (g(b) — g (@)™"s
20O =9 @1 g |y, (ea+D)"
1 1! 1 f! 1
- 1 r)—gla))? + 1 b)—g(z))d |,
g+ 17 || ()} - (9(x) —g(a)) . (9(b) —g () ]

which together with (3.3) proves the first part of (4.1).
By Holder’s elementary inequality, we also have for p, ¢ > 1 with % + % =1 that

f/ i f/ 1
; (g(x) —g(a)) + T (g(b) —g(x))e
(9") 7 0,21, ! ’ @) N, ! ’
P P 1/p /
f/ f/ 1\4¢ 1\q11/q
< ; + ; (g(x)—g(a)s) +((g(b)—g(z))e
(&l &l ) ooy @o-om)
f/ 1/q
: lg(b) —g(a)]",
(97 a0 e

which proves the last part of (4.1).
The inequality (4.2) follows in a similar way and we omit the details. O
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Corollary 4. With the assumptions of Theorem 2 we have

fl@+f®) 207'T(a+1) [

(44) 5 00— g @) Larof (Mo (@.0) + I f (M <a,b>>}]

= atfar (0‘1‘1+1)1/q oo [ (9{;3 [, M (,0)], (9{;; [Mgw,b),b},p]
S s J;g LTS

and

15) | o 1 o @+ Ty O] = Oy (08

= ai/esd (:Q“Ll)l/q o0 =gte)” [ (9{;; [0, M, (a,5)].p (9{;; [Mg<a,b>,b},p]
S o (g{;; | ®=s@

If w: (a,b) — (0,00) is continuous, then by taking the function g (¢) :=
fjw(s) ds and « = 1 in Theorem 2 above, then we get the following weighted
integral inequalities

f(a)+ f () 1{

(4.6) '2_2 [ w (@) f(t)dt +f;fw(t)f(t)dt]

[T w(t)dt [P w (t)dt
ot [l ey ] (o)
/ e
= 2(!1+11)1/q (@f)‘l’ [a,81p [/“bw(t) dt]
and
wn % lff ;{)I(:U) (J;)(I;)tdt + ffz)i)({)(;idt] - f(a:)‘

1 f : | ’ )é
< - T w(t)dt| + T w () dt
2(q+1)"/ { () | {g21.0 </a ) (@) Iz, </ﬂ” ]
1/q
1 f b ]
< . w(t)dt
T 2(g+ )Y || (w) [a,b],p [/‘l "

for any x € (a,b), where p, ¢ > 1With%+%:1.
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Moreover, if we take in these two inequalities w = 1, then we get the inequalities

T b
as [FOHIO L rwas s [0

1 , s , )
- 2(g+ 1) [”f la.a1p (@ = @) + 1 Nlo (b—w)q}
1 , ,
< sz M o b=
and
1 1 x

(4.9) 2[%—&[1 f@ dt+7/f t) dt f(2)

1

e Wl = 17 (b= )}
2(q+1)1/q |:|| ”[ s ]710( ) || H[ 7b],p( ) :|

1 1/
< —— 7 1l 0—a) "
2(q+1)1/q [a,b],p

These inequalities have been obtained in an equivalent form in [17] and [16].

5. APPLICATION FOR HADAMARD FRACTIONAL INTEGRALS

If we take g(t) = Int, t > 0 in Theorem 1 and denote with e (¢) = ¢, the
identity function, then we get the following inequalities for the Hadamard fractional

integrals for an absolutely continuous function f : [a,b] — C with the property that
ef’ € L [a,b],

(@) <m>]
[ ()“ [ ok

]
1 x b
Sm {| f'llia,1 ooln(g)+”ef lgo.,00 <m)]
le£"llia,b1.00 ™ (2)

1/p
b ) (e W + e o) [ () (2]
~2(a+1) p7q>1,5+%:1;

[l oo e o) [310(2) + 0 ()]



ON SOME OSTROWSKI AND TRAPEZOID TYPE INEQUALITIES 17

I'a+1)
2

Hy f (o) H:+f(b>]_ N
GO A

1 2 b
< - / @ . b
~2(a+1) {|ef lfa2,00 10 (a) +llef [l z,5,00 I <x>]
Hefq“mmﬂmln(g);

(5.2)

1/p 1/q
(0 N W) [ (2] D (2]
“2(at+1) ) pog>1, i =1

[leF oo + e g 00] [310(2) + 10 (5]
for any z € (a,b) C (0,00).

If el/af e L, [a,b], where p, ¢ > 1 where % + % =1, then for any z € (a,b) we
have

53) 'f(a) +/®)_Clatl

HS f(x) H f(x)
i (2)]" " [m(z)]“]

1 T\~ b %
< [ B G ol ()]
2(ag+ 1)1/q [ f la,z],p [ (a)] / [@,b],p T

1

e L vy [m(b)}”q
~ 2(ag+ 1)V [a,b].p a
and
T(a+1) [HE f(a) H;af(b)]
(5.4) — + & | — f(z)
2 | @ o) ’
1 / / n f % / ’ 0 é %
< gt [l B O sl [0 ()

1

1/q ¢/
< e’1f
2(ag+ 1)1

1/q
=)
[a,b],p a
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