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NEW PATHWAY FRACTIONAL INTEGRAL OPERATOR
INVOLVING H-FUNCTIONS

V.B.L. CHAURASIA, VINOD GILL

ABSTRACT. In this paper, we introduce a new fractional integration operator
associated with the pathway model and pathway probability density. The
object of the present paper is to study a pathway fractional integral operator
associated with the pathway model and pathway probability density for certain
product of special functions with general argument. Finally, importance of
main result also recorded herein.

1. INTRODUCTION

Fractional calculus is a field of applied mathematics that deals with derivatives
and integrals of arbitrary orders. During the last three decades Fractional calculus
has been applied to almost every field of science, engineering and mathematics.
Many applications of fractional calculus can be found in turbulence and fluid dy-
namics, Stochastic dynamical system, plasma physics and controlled thermonuclear
fusion, nonlinear control theory, image processing, non-linear biological systems, as-
trophysics. In recent years several authors have made significant contributions in
the field of fractional calculus. Several definitions of the operators of the classical
and generalized fractional calculus are already well known and widely used in the
applications to mathematical models of fractional order. The most popular one,
we are based on here, is the Riemann-Liouville fractional integral operator [15].
Recently the operators of the generalized fractional calculus have been introduced
and studied, as the hyper-geometric integral operators of Saigo [14], the generalized
fractional integrals involving G- and H-functions in Kiryakova [7], Eulerian integral
and a main theorem based upon the fractional operator associated with H-function
and multivariable I-function in Chaurasia and Kumar [19] etc. Here we introduce
a fractional integration operator, which may be regarded as an extension of the
left-sided Riemann-Liouville fractional integral operator. We propose some results
for this operator, including the images of the product of H-function, Mittag-Leffler
function, Bessel function of first kind and their particular cases. First, let us recall
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the definition of left sided Riemann-Liouville fractional integral operator. Let f(x)
€ L (a,b), o € C, R(a) > 0, then

x

u&fﬂﬂzzf%5/<x—w”*ﬂww, (1)

where R(.) denotes the real part of (.). For more details, we refer to: Samko-
KlIlbas-Marichev [15], Kiryakova [7], Kilbas-Srivastava-Trujillo [6], and other books
on fractional calculus.

If f(t) is replaced by 7 f(¢) in (1), the above operator turns out to be Erdélyi-Kober
fractional integral; if it is replaced by oF; (77 +8,—y;m; 1 — %)f(t), then (1) takes
the form of the Saigo hypergeometric fractional integral, see e.g. [14]:

x

;gﬁ)ﬁ o fa) = / (—1)"""F) (n+ﬁ, —y;im;1 - ;) f(t) dt.

]

Many other operators of generalized fractional calculus can be obtained if on the
place of f(t) one takes ®(t) as it is done in Kiryakova [7] for a Fox’s H-function
o(t) = HJO(1).

The pathway fractional integration operator, as an extension of (1), is defined as
follows:

[7a%=] a(l —a)t] ™=
Fn @ = o [T - BT a0
0
where f(x) € L (a,b), n € C, R(n) > 0, a > 0 and ‘pathway parameter’ o < 1.
The pathway model is introduced by Mathai [8] and studied further by Mathai and
Haubold [9,10]. For real scalar «, the pathway model for scalar random variables

is represented by the following probability density function (p.d.f.):

f@) = cla[Ml-a(l-a)|z|]7s, (3)

—0 < T < 00,0 > 0,8 >0, 1—a(1—o¢)|z\‘S > 0, v > 0,where c is
the normalizing constant and « is called the pathway parameter. For real «, the
normalizing constant is as follows:
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fora < 1, (4)

~ Y50, a > 1, (5)

for a — 1. (6)

For av < 1, it is a finite range density with 1 — a (1— «) |x |6 > 0 and (3) remains in
the extended generalized type - 1 beta family. The pathway density in (3) for a <
1, includes the extended type - 1 beta density, the triangular density, the uniform
density and many other p.d.f.

For @ > 1, writing 1 — @« = — (o — 1), we have
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f@) = cla T 4ala-1)|e =T, (7)
—oc0o <z < 00,0 > 0,8 > 0, a > 1, which is extended generalized type-2
beta model for real x. It includes the type-2 beta density, the F density, the student
- t density, the Cauchy density and many more.
Here we consider only the case of pathway parameter o < 1. For @ — 1 both (3)
and (7) take the exponential form, since

lim c|z " l-—a(l—alz )5 = lim c|z " l+a(a—1)z)]" 7
a—1 x—1

= c|z|[temanlal’, (8)
This includes the generalized Gamma-, the Weibull-, the Chi-square, the Laplace-
and the Maxwell-Boltzmann and other related densities. Therefore, the operator
introduced in this paper can be related and applicable to a wide variety of statistical
densities.
For more details on the pathway model, the reader is referred to the recent papers of
Mathai and Haubold [9,10]. It is seen that the pathway fractional integral operator
(2), based on the pathway model of Mathai and Haubold, and using the pathway
parameter «, can lead to other interesting examples of fractional calculus operators,
related to some probability density functions and applications in statistics.

2. PATHWAY INTEGRAL OPERATOR OF PRODUCT OF TWO H-FUNCTION

Charles Fox [2] made a detailed study of a Mellin-Barnes integral, which is now
known in the literature as Fox’s H-function. This function is defined and represented
by means of the following Mellin-Barnes type contour integral

H" [z

p.q

(a1,a1) sees (aprap) 1 —s .

) i) | = 57 /¢(5>Z ds, i=+v-1 (9
L

where

{2 T+ Bi) f {TT-i T = a; = ay9)
o(s) = ) (10)
{0 T = by = By) b {1 Tl + s) }

with aj, j=1,2,...,pand §j,j = 1,2,...,q are real positive numbers, a;, j=1,2,...,p
and b;, j = 1,2,...,q are complex numbers, L is a suitable contour separating
the poles of T'(b; + B;s), j = 1,2,...m fromthoseof I'(1 — a; — a;s), j =
1,2, ...,n.For the convergence conditions, existence of various contours L. and other
properties, see Mathai and Saxena [11], Kilbas and Saigo [4], Kilbas-Srivastava-
Trujillo [6], etc. The importance of Fox’s H-function lies in the fact that almost
all the elementary and special functions in the literature follow as its special cases.
These special functions appear in various problems arising in theoretical and applied
branches of mathematics, statistics, physics, engineering and other areas.
The series representation is given in [11] is as follows:
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where £ = %, and h = 1,2,....N
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and

{400+ FO T {1 T — e — B
(M0 DO = 5 = B} {TT oy Dles + €B)) )

For convergence conditions and other details of the above function see [11].
Theorem 1. Letn, p € C,R(5) > 0, R(6) > 0, R <1+ &) > 0, R(p) >
Oanda < 1,

b € R, ¢ € R. Then for the pathway fractional integral Pélu)the following formula
hold for the image of product of two H-function:

(ap,op

(bg:84q)

x(§) =

e p—1 7pM,N 5
<P0+ t " Hpgy { E (roFa)
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[a(l—a) PQ |Ta(1=a)]° |(a:Fa)
B
, n+1 L (1—p+8¢,8),(a1,a1) ..., (ap,ap)
XH”“““[[au_a)}ﬂ st (otse ) | (02

Proof. Using the definitions (2), (9) and (11), we have

(P(;T) P-1 HMN {Cté

(ep,Ep) m,n B |(ap,ap
i) Hya o [Grgs ] )

”"{/ow[l—“;“}"“t“zz 0 ()

h=1v=0

By—
5 / o(s) (bt?) } dt.

Interchanging the order of integration, using a known result [12] and evaluating the
integral by the beta function formula, it yields
(ap,op :| )
(bq,Bq)
21T (1 +

Tl )ZZ v'Eh {aucféa)]&]g

h=1v=0

T(p— 5§ Bs) ba?
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oo (14 )
T T - H%QN[[au—a)]é

(1*P+5§7ﬁ)a(al,0¢1) 11111 (apvo‘p)
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This completes the proof of Theorem 1.
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3. PATHWAY INTEGRAL OPERATOR OF PRODUCT OF AN H-FUNCTION
AND MITTAG-LEFFLER FUNCTIONS

In 1903, the Swedish mathematician Gosta Mittag-Lefler introduced the function
Es(z) [3] defined as,

Eg(2) = kzzoir(b)k“)’ (13)

where 7 is a complex variable and T'(.) is a gamma function 8 > 0. The Mittag-
Leffler function is the direct generalization of the exponential function to which it
reduces for § = 1. For 0 < 8 < 1, it interpolates between the pure exponential
and a hypergeometric function 1iz Mittag-Leffler function naturally occurs as
the solution of the fractional order differential equations and (or) fractional order
integral equations.

Wiman [16] studied the generalization of Eg(z), that is given by

k

o
z
Es,(z) = —— . fB,p€ C,R(p) >0,R(B) >0, 14
@) = Ny e CRO)>0RE) (14
which is known as Wiman’s function.

Prabhakar [13] investigated the function Ej (2) as

o0 k
Bl () = STk = C.R(B)>0,R(y) > 0,R(p) >0 (15
ﬂ,p(z) ];F(ﬁk—Fp) K Paﬂ,’Y € ) (5) ) (’Y)> 5 (p)> ( )
The Mittag-Leffler type functions belong to H-functions family, since they can be
represented in terms of the H-function:

(0,1)

Eﬁ(z) = H%:; |:—Z (0,1), (0,5):| 5 B S C,R(ﬁ) > 07 (16)

(0,1)

(071)7(1—;)”8):| ’ /87 Py € CaR(ﬂ) > 07 (17)

1,1
Egp(z) = Hy, [*Z
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Egm(z) = ﬁHl’Q [fz
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c—1i00

(1=~,1)

(071),(1_p7ﬁ):| ’ Ps ﬁa v € C,R(ﬂ) > 0. (18)

c+ioco

L(s) I'(y - s)
[(3 - as)
The relation connecting the Wright’s function ,3,(z) and the H-function is given

for the first time in the monograph of Mathai and Saxena [11, page 11, equation
(1.7.81.)] as:

(—z) " ds. (19)

(a1,A1),..., (ap,Ap)
P’lpq (b1,B1) ,---, (bq,Byq)

(0,1), (1—b1,B1),....(1—bg,By) (20)

(1—ay,A1),..., (1—ap,Ap) :|
)

1,p
Z} = Hp g1 [*Z
where ,104(2) is the Wright’s generalized hypergeometric function will be required
in the proof.
Theorem 2. Let 7,v,p € C, R(n) > 0, R(vy) > 0, R(p) > 0, R (1—|— &) >
maz [0, — R(p)], b € R,c € R, > 0,0 > 0 anda < 1. Then the image
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of product of an arbitrary Fox H-function and Mittag-Leffler function under the
pathway integral operator

(PSIQ) Pt Y [c #

(ep,Ep) b B
(fg,F§>] B, (bt ))

_ 1 "t e T (1+ %) HMN L (eprBp)
Iy [a(l — a)]r PQ | [a(l — )] Ve Fa)
B
(p—36,8),(7,1) bt
292 [(p”@’), (1+p+ 125 —08.8) | [a(1 — a)]P ] : (21)
Proof. This result can be derived from Theorem 1, by puttingm =1, n=1,p =
1’q:27b120761:17b2:1_p7ﬂ2:57a1:1_77041:1713 = — b,then

(12) reduces to
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This completes the proof of Theorem 2.
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4. PATHWAY INTEGRAL OPERATOR OF PRODUCT OF AN H-FUNCTION AND
BESSEL FUNCTIONS

The Bessel function of the first kind Jv(x) is defined for complex x € C, x # 0
and v € C, R(v) > — 1 by

oy & )k (z)2F
L) = (3) ]; r((z/ +)k 521)) ak (22)
and its H-function representation is given by
T\Y 10 [z?
J,(z) = (5) HyY {4 (011)7(U71>}, v €C,R(v) > 0. (23)

The asymptotic behavior and other properties of this function can be seen from
the papers of Wright [17,18] and the handbook Erdlyi et al. [1]. We find here its
pathway integral image.

Theorem 3. Let n,v,v € C, R(n) > 0, R (1—|— ﬁ) > 0, R(y+v) >

(n,a)

0,c € R, 5 > 0and o < 1. Let Py, be the pathway fractional integral. Then
there holds the image

(n,a) t -1 M.N t J
(POJr (2) HP,’Q C 5

C$6
 la(1 - @)oo TR {[Qa(l —a))’

(ep Ep)
<fQ’FQ>] Jv(t)>

(ep.Ep)
(fQ!FQ)

2
(v+v—0¢,2) I
X 11 {(y+1,1), (14v,y—56 + 12,2 12(1—a)? } . (24)
Proof. This result can be obtained from theorem 1, by putting m = 1, n =
0,p=0,q=2 by = Oaﬁl = 1ab2 = _V7B2 = LP = ’7+V7b = 1aﬁ =

2 and replacing t by £, then (12) reduces to

ma) [t yHv=l M,N t 0 (ep Ep) 1o [ 2
<P0+ (2> Hpg (¢ (5) |toFo) | | Hoz Z)(o,l),(w,n
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1,1 x (1—y—v+46¢,2)
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X 11 (y+v—0¢,2)
PP2 | (v+1,1), (4vy—06 + 1252

1—a?

Here ,1,(x) denotes the generalized Wright hypergeometric function.

This completes the proof of Theorem 3.

The importance of our results lies in their manifold generality. In view of the
generality of H-functions, on specializing the various parameters, we can obtained
from our main result, several result containing remarkably wide variety of useful
functions and their various special cases. Thus the main result presented in this
article would at once yield a very large number of results containing a large variety
of simpler special functions occurring scientific and technological fields.
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