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Abstract In this paper, we introduce and study a pair of multidimensional fractional calculus
operators whose kernel involves the product of general class of polynomials S

Uj

Vj
(xj), general

sequence of functions R
αj ,βj

Nj
[xj ](j = 1, . . . , s) and the multivariable H -function.Further we

obtain the images of certain useful functions in our operators of study. The fractional calculus
operators studied by us are quite general in nature and thus the results obtained here provide use-
ful extensions and unification of some (known or new) results for simpler families of fractional
calculus operators.

1 Introduction

The following definitions of general sequence of functions and multivariable integral transforms
will be used in the subsequent section.

1.1 GENERAL SEQUENCE OF FUNCTIONS

Agarwal and Chaubey [1] see also [15] have introduced and studied a general sequence of func-
tions which is defined by the following Rodrigue’s type formula

R(α,β)
N [x; A, B, c, d; p, q; γ, δ; w(x)]

=

(
Axp + B−α (cxxq + d)−β

ℓ′nw(x)
TN
λ,ℓ

[
(Axp + B)α+γN

(cxq + d)β+δN w(x)
]

(1.1)

where the differential operator TN
λ,ℓ is defined by

TN
λ,ℓ=

[
xℓ (λ+xDx)

]N
,Dx=

d
dx (1.2){

ℓ
′

n

}∞

N=0
is a sequence of constants, and w(x) is independent of N and differentiable an

arbitrary number of times.
If we set w(x) = exp (−sxr), in 1.1, the generalized sequence of function thus obtained can be
written in the series form given as follows [12].

R(α,β)
N

[
x;A,B, c, d;p, q;γ, δ;e−sxr

]
=

∑
m,v′ ,u′ ,t′ ,e′

ϕ
(
m, v

′
, u

′
, t

′
, e

′
)
XQesx

r

(1 +
c

d
xq)δN−v′

(1.3)
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where

ϕ
(
m, v

′
, u

′
, t

′
, e

′
)
=

BγN(−1)t
′
+m

(
−v

′)
u′

(
−tt

′)
e′
(α)t

m!v′ !t′ !e′ !u′ !
(1.4)

Q =ℓN + qvv
′
+ptt

′
+rm (1.5)

∑
m,v′ ,u′ ,t′ ,e′

stands for
∞∑

m=0

n∑
v′=0

v
′∑

u′=0

n∑
t′=0

t
′∑

e′=0

provided that the infinite series on the right-hand side of 1.3 is absolutely convergent. It may be
pointed out here that the general sequence of functions defined by 1.1 is very general in nature
and it unifies and extends a number of classical polynomials introduced and studied by various
research workers such as Chatterjea [2, 3], Gould and Hopper [6], Krall and Frink [10], Singh
and Srivastava [14], Srivastava and Singhal [17, 18], Thakare and Medhakar [19], Raizada [11],
Fujiwara [5]etc.

2 MULTIDIMENSIONAL FRACTIONAL INTEGRAL OPERATORS

The multidimensional fractional integral operators of our study will be defined and represented
in the following manner

Ix [f (t1, . . . ,ts)]=Iρ,σ:e,f ;λ,µ;u,v
x: a; b; z [f (t1, . . . ,ts) ;x1, . . . ,xs] (2.1)

=
s∏

j=1

(xj)
−ρj−σj

∫ x1

0
. . .

∫ xs

0

s∏
j=1

{
t
ρj

j (xj−tj)
σj−1

SUj
vj

[
aj

(
tj
xj

)ej(
1− tj

xj

)f
]
R

αj ,βj

Nj

[
bj

(
tj
xj

)λj
(

1− tj
xj

)µj
]}

×H

[
z1

(
t1

x1

)u1
(

1− t1

x1

)v1

, . . . ,zs

(
ts
xs

)us
(

1− ts
xs

)vs]
f (t1, . . . ,ts) dt1. . .dts

Jx [f (t1, . . . ,ts)]=Jρ,σ:e,f ;λ,µ;u,v
x [f (t1, . . . ,ts) ;x1, . . . ,xs] (2.2)

=
s∏

j=1

(xj)
+ρj

∫ ∞

x1

. . .

∫ ∞

xs

s∏
j=1

{
t
−ρj−σj(tj−xj)

σj−1

j

SUj
vj

[
aj

(
xj

tj

)ej(
1−xj

tj

)fj
]
R

αj ,βj

Nj

[
bj

(
xj

tj

)λj
(

1−xj

tj

)µj
]}

×H

[
z1

(
x1

t1

)u1
(

1−x1

t1

)v1

, . . . ,zs

(
xs

ts

)us
(

1−xs

ts

)vs]
f (t1, . . . ,ts) dt1. . .dts

where the general class of polynomials S
Uj

Vj
[xj ] (j= 1, . . . ,s), a general sequence of functions

R
αj ,βj

Nj
[xj ] (j= 1, . . . ,s) and the multivariable H-function occurring in 2.1 and 2.2.

We shall assume throughout this paper that

f (t1, . . . , ts) =

 0
(∏s

j=1 |tj |
Mj

)
,max |tj | → 0

0
(∏s

j=1 |tj |
−Aj e−wj |tj |

)
,min |tj | → ∞(j = 1, . . . , s)

(2.3)

This class of functions will be symbolically represented as f (t1, . . . ,ts) ∈ A.
We shall also assume that ∫

Ω1

. . .

∫
Ωs

|f (t1, . . . ,ts)| dt1. . .dts<∞

for every bounded s-dimensional region Ωj(j = 1, . . . , s) excluding the origin.
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The operators defined by 2.1 and 2.2 exist if
(i) min (ej , fj , λj , µj , uj , vj)≥0(j= 1, . . . ,s) not all zero simultaneously.

(ii) minRe
(
ρj+λj

(
ℓjNj+qjV

′

j

)
+Mj

)
+ujmin1≤k≤mj

[
Re
(

d
(j)
k

δ
(i)
k

)]
+1 > 0

minRe

[
σj+µj

(
ℓjNj+qjv

′

j

)
+vj min

1≤k≤mj

[
Re

(
d
(i)
k

δ
(j)
k

)]
> 0

(iii) minRe
[
σj+µj

(
ℓjNj+qjv

′

j

)
+vjmin1≤k≤mj

[
Re
(

d
(j)
k

δ
(j)
k

)]
> 0

Re (Wj)> 0
or Re (Wj)= 0 and

Re
[
ρj+λj

(
ℓjNj+qjv

′

j

)
+Aj

)
+uj min1≤k≤mj

[
Re
(

d(j)k

δ
(j)
k

)]
> 0(

v
′

j= 0, . . . ,Nj;j = 1, . . . , s
)

If we take Vj= 0(j = 1, . . . , s),pj=dj= 1,ℓ
′

nj
= 1, sj= 0 and replace by βj by βj/τj and cj by −τj

in 2.1 and 2.2, the general class of polynomials SUj
Vj
[xj] reduces to unity and general sequence of

functions R
αj ,βj

Nj
[xj ] to S

αj ,βj ,τj
Nj

[xj ] and we obtain the fractional integral operators defined by
Garg and Purohit [7].

3 SOME USEFUL IMAGES

(i) Ix

{∏s
j=1 t

gj
j (tj+wj)

−hj

}
=
∏s

j=1

{
x
gj
j (xj+wj)

−bj

Γ(hj)

∑[vj/Uj ]
Rj=0

∑
ηj ,mj ,vj ,u

′
jt

′
j ,e

′
j

(−Vj)UjRj
AjvjRj

Rj !
a
Rj
j bjQ

′
js

′
jηj

ηj !Γ(v′
j−δjNj)

ϕj (mj , vj , uj , tj , ej)

∗H0,n+2s ;K
p+2s,q+s;L

[
z1, ..., zs,

c1
d1
bq1

1 , ..., cs
ds
bqss , −x1

x1+w1
, ..., −xs

xs+ws
|A: C
B: D

] (3.1)

where
∑

ηj ,mj ,v
′
j ,u

′
j ,t

′
j ,e

′
j

stands for
∑∞

ηj=0
∑

mj ,v
′
j ,u

′
j ,t

′
j ,e

′
j

Q
′

j=ℓjNj+qjv
′

j+pjt
′

j+rjmj+rjnj(j= 1, . . . ,s) and ϕj(j= 1, . . . ,s) is defined
as in equation 1.4 with appropriate changes in the various symbols.

K =m1, n1;. . .;ms, ns; 1, 1;. . .;1, 1︸ ︷︷ ︸
2 s

(3.2)

L =p1, q1;. . .;ps, qs; 1, 1;. . .;1, 1︸ ︷︷ ︸
2 s

(3.3)

A=(aj , α
(1)
j , . . . ,α

(s)
j , 0, . . . , 0︸ ︷︷ ︸

2s

)1,n, (−ρ1−g1−e1R1−λ1Q
′

1;u1, 0, . . . , 0︸ ︷︷ ︸
s−1

, λ1q1,

0, . . . , 0︸ ︷︷ ︸
2s−1

), . . . , (−ρs−gs−esRs−λsQ
′

s; 0, . . . , 0︸ ︷︷ ︸
s−1

, us, 0, . . . , 0︸ ︷︷ ︸
s−1

, λsqs, 0, . . . , 0︸ ︷︷ ︸
s

),

(1−σ1−f1R1−µ1Q
′

1;v1, 0, . . . 0︸ ︷︷ ︸
s−1

, µ1q1, 0, . . . , 0︸ ︷︷ ︸
s−1

, 0, . . . , 0︸ ︷︷ ︸
s−1

), . . . ,

(1−σs−fsRs−µsQ
′

s, 0, . . . , 0︸ ︷︷ ︸
s−1

, vs, 0, . . . , 0︸ ︷︷ ︸
s−1

, µsqs, 0, . . . , 0, 1)︸ ︷︷ ︸
s−1

(aj , α
(1)
j , . . . ,α

(s)
j , 0, . . . , 0︸ ︷︷ ︸

2s

)n+1,p

(3.4)
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B= (bj , β
(1)
j , . . . ,β

(s)
j , 0, . . . , 0︸ ︷︷ ︸

2s

)1,q·
(
−ρ1−g1−σ1− (e1+f1)R1− (λ1+µ1)Q

′

1;

(u1+v1) 0, . . . , 0︸ ︷︷ ︸
s−1

, (λ1+µ1) q1, 0, . . . , 0︸ ︷︷ ︸
s−1

, 1, 0, . . . , 0︸ ︷︷ ︸
s−1

), . . . , (−ρs−gs−σs− (es+fs)Rs

− (λs+µs)Q
′

s; 0, . . . , 0︸ ︷︷ ︸
s−1

, (us+vs) , 0, . . . , 0︸ ︷︷ ︸
s−1

, (λs+µs) qs, 0, . . . , 0, 1)︸ ︷︷ ︸
s−1

(3.5)

C=
(
c
(1)
j , γ

(1)
j

)
1,p1

;. . .;
(
c
(s)
j , γ

(s)
j

)
1,ps

;
(
1−v1

1+δ1N1, 1
)
, . . . ,#(

1−v1
s+δsNs, 1

)
; (1−h1, 1) , . . . , (1−hs, 1)

(3.6)

D=
(
d
(1)
j , δ

(1)
j

)
1,q1

;. . .;
(
d
(s)
j , δ

(s)
j

)
1,qs

; (0, 1);. . .;(0, 1)︸ ︷︷ ︸
2s

(3.7)

The result holds true provided that

min (ej , fj , λj , µj , uj , vj , qj)≥0(∀j= 1, . . . , s) not all zero simultaneously.

Re (ρj+λjℓjNj+gj)+uj min1≤k≤mj

[
Re
(

d
(j)
k

δ
(j)
k

)]
+1 > 0

Re (σj+µjℓjNj)+vj min1≤k≤mj

[
Re
(

d
(j)
k

δ
(j)
k

)]
> 0

(3.8)

(j = 1, . . . , s)

(ii) Jx
[∏s

j=1 tjgj(tj+wj)
−hj

]
=
∏s

j=1

{
x
gj
j (xj+wj)

−hj [vj/Uj ]

Γ(hj)

∑
Rj=0

∑
ηj ,mj ,vj ,u

′
j jt

′
j ,e

′
j

(−Vj)UjRj
Ajvj,Rj

Rj !
a
Rj
j bjQjsjηj

ηj !Γ(v′
j−δjNj)

ϕj

(
mj , v

′

j , u
′

j , t
′

j , e
′
)}

H0,n+2s;K
p+2s,q+s;L

[
z1, . . . ,zs,

c1
d1

bq1
1 , . . . , cs

ds
bqs

s − W1
X1+W1

, ...,− Ws

Xs+Ws

∣∣∣ I; C
J ; D

] (3.9)

where

I= (aj , α
(1)
j , . . . ,α

(s)
j , 0, . . . , 0︸ ︷︷ ︸

2s

)1,n,
(

1−h1−ρ1+g1−e1R1−λ1Q
′

1;

u1, 0, . . . , 0︸ ︷︷ ︸
s−1

, λ1q1, 0, . . . , 0︸ ︷︷ ︸
2s−1

), . . . ,
(

1−hs−ρs+gs−esRs−λsQ
′

s;

0, . . . , 0︸ ︷︷ ︸
s−1

, us, 0, . . . , 0︸ ︷︷ ︸
s−1

, λsqs, 0, . . . , 0︸ ︷︷ ︸
s

),
(

1−σ1−f1R1−µ1Q
′

1;

v1, 0, . . . , 0︸ ︷︷ ︸
s−1

, µ1q1, 0, . . . , 0︸ ︷︷ ︸
s−1

, 1, 0, . . . , 0︸ ︷︷ ︸
s−1

), . . . ,
(

1−σs−fsRs−µsQ
′

s;

0, . . . , 0︸ ︷︷ ︸
s−1

, vs, 0, . . . , 0︸ ︷︷ ︸
s−1

, µsqs, 0, . . . , 0︸ ︷︷ ︸
s

, 1),(aj , α
(1)
j , . . . ,α

(s)
j , , 0, . . . , 0︸ ︷︷ ︸

2s

)n+1,p

(3.10)

J= (bj ;β(1)
j , . . . ,β

(s)
j , 0, . . . , 0︸ ︷︷ ︸

2s

)1,q, (1−σ1−ρ1−h1+g1− (e1+f1)R1

− (λ1+µ1)Q
′

1; (u1+v1) , 0, . . . , 0︸ ︷︷ ︸
s−1

, (λ1+µ1) q1, 0, . . . , 0,︸ ︷︷ ︸
s−1

, 0, . . . , 0)︸ ︷︷ ︸
s−1

, . . . ,

(1−σs−ρs−hs+gs− (es+fs)Rs− (λs+µs)Q
′

s;
0, . . . , 0︸ ︷︷ ︸

s−1

(us + vs), 0, . . . , 0︸ ︷︷ ︸
s−1

(λs + µs)qs, 0, . . . , 0︸ ︷︷ ︸
s−1

, 1)

(3.11)
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K,L,C,D,ϕj and Q
′

j(j = 1, . . . , s) are as given with result 3.1 and the following conditions are
satisfied.

min (ej , fj , λj , µj , uj , vjqj)≥0(j= 1, . . . ,s) not all zero simultaneously.

Re (ρj−gj+λjℓjNj+hj)+uj1≤k≤mj

[
Re
(

d
(j)
k

δ
(j)
k

)]
> 0

Re (σj+µjℓjNj)+vj1 min1≤k≤mj

[
Re
(

d
(j)
k

δ
(j)
k

)]
> 0

(3.12)

(j = 1, 2, ..., s)
Proof To prove 3.1, we first express the operator Ix with the help of 2.1 and get

Ix

[∏s
j=1 t

gj
j (tj+wj)

−hj

]
=
∏s

j=1

(
x
−ρj−σj

j

) ∫ x1

0 . . .
∫ xs

0

∏s
j=1

{
t
ρj+gj
j

(xj−tj)
σj−1

(tj+wj)
−hjS

Uj
vj

[
aj

(
tj
xj

)ej(
1− tj

xj

)fj]
R

αj ,βj

Nj

[
bj

(
tj
xj

)λj
(

1− tj
xj

)µj
]}

H
[
z1

(
t1
x1

)u1
(

1− t1
x1

)v1

, . . . , zs

(
ts
xs

)us(
1− ts

xs

)vs

dt1...dts

(3.13)
Next, expressing the general class of polynomials SUj

Vj
[xj] (j = 1, . . . , s) and the general sequence

of functions Rαj ;βj

Nj
[xj ] (j= 1, . . . ,s) in their respective series forms, interchanging the order of

series and tj-integrals (j = 1, . . . , s), the right hand side of 3.13 assumes the following form

∏s
j=1

{
x−pj−σj

∑[vj/Uj ]
Rj=0

∑
ηj ,mj ,v

′
j ,u

′
j ,

′
j ,e

′
j

(−Vj)UjRj
AjVj,Rj

Rj !
a
Rj
j bjQjsj j

ηj !

ϕj

(
mj , v

′

j , u
′

j , t
′

j , e
′

j

)
x
−(ej+fj)Rj−(λj+µj)Q

′
j

j

}
∫ x1

0 · · ·
∫ xs

0

∏s
j=1

{
tjρj+gj+ejRj+λjQ

′

j(xj−tj)
σj+fjRj+µjQ

′
j−1

(tj+wj)
−hj

[
1+ cj

dj
b
qj
j

(
tj
xj

)λjqj(
1− tj

xj

)µjqj
]δjNj−v

′
j


H
[
z1

(
t1
x1

)u1
(

1− t1
x1

)v1

, . . . , zs

(
ts
xs

)us(
1− ts

xs

)vs

dt1...dts

(3.14)

Now, we express the terms
[

1+ cj
dj
b
qj
j

(
tj
xj

)λjqj(
1− tj

xj

)µjqj
]δjNj−v

′
j

( j = 1, . . . , s ) and the multivariable H function in terms of Mellin-Barnes-type contour integrals
and interchange the order of ξj and tj-integral (which is permissible under the conditions stated
with 3.1, so that equation 3.14 assumes the following form after a little simplification.

∏s
j=1

{
x
−ρj−σj

j

∑
R
[vj/Uj ]
j

∑
ηj ,mj ,v

′
j ,u

′
j ,t

′
j ,e

′
j

(−Vj)UjRj
Ajvj,Rj

Rj !
Rj jb

Q
′
j

j S
ηj
j

ηj !
ϕj(mj ,v

′
j ,u

′
j ,t

′
j ,e

′
j)

Γ(v′
j−δjNj)

x
−(ej+fj)Rj−(λj+µj)Q

′
j

j

1
(2πω)2s

∫
L1

....
∫
Ls

∫
Ls+1

...
∫
L2s

Ψ(ζ1, ..., ζs)
∏s

j=1{ϕj(ζj)z
ζj
j x

−ujj
−Nζj

j }

∏s
j=1{Γ(v′j − δjNj + ζs+j)Γ(−ζs+j)(

cj
dj
b
qj
j x

−(λj+µj)qj
j )ζs + j}

∫ x1

0 ...
∫ xs

0

∏s
j=1{t

ρj+gj+ejRj+λjQ
′
j+λjqjζs+j+ujζj

j

(xj − tj)σj+fjRj+µjQ
′
J+µjqjζs+j+vjζj−1

(tj + wj)−hj}dt1...dtsdξ1.... . . dξsdξs+1. . . dξ2 s

(3.15)
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Next, evaluating the inner tj-integrals (say ∆ ) with the help of a known result [9], we get

∆ =
∏s

j=1

{
(wj)

−hjx
ρj+σj+gj+(ej+fj)Rj+(ej+fj)Rj+(λj+µj)Q

′
j+(λj+µj)qjξs+j+(uj+vj)ξj

j

×B
(
σj+fjRj+µjQ

′

j+µjqjξs+j+vjξj , ρj+gj+ejRj+λjQ
′

j

+λjqjξs+j+ujξj+1)
(3.16)

2F1

[
hj , ρj+gj+ejRj+λjQ

′

j+λjqjξs+j+ujξj+1

ρj+σj+gj+(ej+fj)Rj+(λj+µj)Q
′

j+(λj+µj) qjξs+j + (uj + vj)ξj+1;−Xj

Wj
]

where B(x, y) denotes the well known beta function.
On using the well-known transformation formula for Gauss hypergeometric function 2 F1 [4],
we get

∆=
∏s

j=1

{
(wj)

−hjxjρj+σj+gj+(ej+fj)Rj+(λj+µj)Q
′

j (λj+µj) qjξs+j+(uj+vj) ξj

×B
(
σj+fjRj+µjQ

′

j+µjqjqs+j+vjξj , ρj+gj+ejRj+λjQ
′

j

+λjqjξs+j+ujξj+1)(
1+ xj

wj

)−hj

2F1

[
hj , σj+fjRj+µjQ

′

j+µjqjξs+j+Vjξj

ρj+σj+gj+(ej+fj)Rj+(λj+µj)Q
′

j+(λj+µj) qjξs+j + (uj + vj)ξj+1 − Xj

Xj+Wj
]

(3.17)
Now we substitute the value of ∆ from 3.16 in the right-hand side of 3.15 and interpreted the
Mellin-Barnes contour integrals thus obtained in terms of the multivariable H -function, we
easily arrive at the desired result 3.1 after a little simplification.
The proof of result 3.9 can be developed on similar lines.
In the results 3.1 and 3.9 if we take wj= 0(j= 1, . . . ,s) and replace (gj−hj) by gj , we get the
following two results after a little simplification

(iii) Ix
[∏s

j=1

(
t
gj
j

)]
=
∏s

j=1

{
x
gj
j

∑[Vj/Uj ]
Rj=0

∑
ηj ,mj ,vj ,u

′
j ,tj ,e

′
j

(−Vj)UjRj
AjVj,Rj

Rj !

a
Rj
j b

Q
′
j

j s
ηj
j

ηj !Γ(v′
j−δjNj)

ϕj

(
mj , v

′

j , u
′

j , t
′

j , e
′

j

)
×H0,n+2s;K∗

p+2s,q+s;L∗

[
z1, . . . ,zs,

c1

d1
bq1

1 , . . . ,
cs
ds

bqss

∣∣∣∣∣ A∗:C∗

B∗:D∗ (3.18)

where
K∗=m1, n1;. . .;ms, ns;1, 1;. . .;1︸ ︷︷ ︸

s

, 1 (3.19)

L∗=p1, q1;. . .;ps, qs;1, 1;. . .;1, 1︸ ︷︷ ︸
s

(3.20)

A∗= (aj , α
(1)
j , . . . ,α

(s)
j , 0, . . . , 0︸ ︷︷ ︸

s

)1,n, (−ρ1−g1−e1R1−λ1Q
′

1;u1, 0, . . . , 0︸ ︷︷ ︸
s−1

, λ1q1, (3.21)

0, . . . , 0︸ ︷︷ ︸
s−1

), . . . , (−ρs−gs−esRs−λsQ
′

s; 0, . . . , 0︸ ︷︷ ︸
s−1

, us, 0, . . . , 0︸ ︷︷ ︸
s−1

, λsqs),

(1−σ1−f1R1−µ1Q
′

1;v1, 0, . . . , 0︸ ︷︷ ︸
s−1

, µ1q1, 0, . . . , 0︸ ︷︷ ︸
s−1

), . . .,

(1−σs−fsRs−µsQ
′

s, 0, . . . , 0︸ ︷︷ ︸
s−1

, vs, 0, . . . , 0︸ ︷︷ ︸
s−1

, µsqs)
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(aj , α
(1)
j , . . . ,α

(s)
j , 0, . . . , 0︸ ︷︷ ︸

s

)n+1,p

B∗= (bj , β
(1)
j , . . . ,β

(s)
j , 0, . . . , 0︸ ︷︷ ︸

s

)1,q, (−ρ1−g1−σ1(e1 + f1)R1−(λ1 + µ1)Q
′

1;

(u1 + v1), 0, . . . , 0︸ ︷︷ ︸
s−1

, (λ1 + µ1)q1, 0, . . . , 0︸ ︷︷ ︸
s−1

), . . . , (−ρs−gs−σs−(es + fs)Rs−

(λs + µs)Q
′

s; 0, . . . , 0︸ ︷︷ ︸
s−1

, us + vs, 0, . . . , 0︸ ︷︷ ︸
s−1

, (λs + µs)qs)(3.22)

C∗ =
(

C(1)
j , γ

(1)
j

)
1,p1

; . . . ;
(

d(s)j , γ
(s)
j

)
1,ps

; (1 − v′1 + δ1N1, 1), ..., (1 − v′s + δsNs, 1) (3.23)

D∗ =
(

d(1)
j , δ

(1)
j

)
1,q1

; . . . ;
(

d(s)j , δ
(S)
j

)
1,qs

; (0, 1); . . . ; (0, 1)︸ ︷︷ ︸
s

(3.24)

Q′
j = ℓjNj + qjv

′
j + pjt

′
j + rjmj + rjnj(j = 1, . . . , s) (3.25)

∑
ηj ,mj ,v′

j ,u
′
j ,t

′
j ,e

′
j

stands for
∞∑

ηj=0

∑
mj ,v′

j ,u
′
j ,t

′
j ,e

′
j

ϕj is defined by equation 1.4 with appropriate changes in the various symbols. The above result
3.18 holds good under the conditions easily derivable from those mentioned with 3.1.

(iv) Jx
[∏s

j=1

(
t
gj
j

)]
=
∏s

j=1

{
x
gj
j

∑[Vj/Uj ]
Rj=0

∑
njmjv

′
jj

′y
′
jj

′
jf

′
je

′
j

(−Vj)UjRj
AjvjRj

Rj !

a
Rj

j b
Q

′
j

j
ηj

j

ηjΓ
(
v

′
j−δjNj

)ϕj

(
mj , v

′

j , u
′

j , t
′

j , e
′

j

)
H0,n+2s;K

p+2s,q+s;L

[
z∗1 , . . . ,zs,

c1
d1

bq1
1 , . . . , cs

ds
bqs

s

∣∣∣ A∗∗:C∗

B∗∗:D∗

]
(3.26)

where
A∗∗= (aj , α

(1)
j , . . . ,α

(s)
j , 0, . . . , 0︸ ︷︷ ︸

s

)1,n, (1−ρ1+g1−e1R1−λ1Q
′

1;u1, 0, . . . , 0︸ ︷︷ ︸
s−1

, λ1q1,

0, . . . , 0︸ ︷︷ ︸
s−1

), . . . , (1−ρs+gs−esRs−λsQs; 0, . . . , 0︸ ︷︷ ︸
s−1

, us, 0, . . . , 0︸ ︷︷ ︸
s−1

, λsqs),

(1−σ1−f1R1−µ1Q
′

1;v1, 0, . . . , 0︸ ︷︷ ︸
s−1

, µ1q1, 0, . . . , 0︸ ︷︷ ︸
s−1

), . . . ,

(1−σs−fsRs−µsQ
′

s, 0, . . . , 0︸ ︷︷ ︸
s−1

, vs, 0, . . . , 0︸ ︷︷ ︸
s−1

, µsqs)(aj , α
(1)
j , . . . ,α

(s)
j , 0, . . . , 0︸ ︷︷ ︸

s

)n+1,p

(3.27)

B∗∗= (bj , β
(1)
j , . . . ,β

(s)
j , 0, . . . , 0︸ ︷︷ ︸

s

)1,q.
(

1−ρ1+g1−σ1− (e1+f1)R1− (λ1+µ1)Q
′

1;

(u1+v1) , 0, . . . , 0, (λ1+µ1) q1, 0, . . . , 0︸ ︷︷ ︸
s−1

), . . . ,(1−ρs+gs−σs− (es+fs)Rs−

(λs + µs)Q′
s; 0, . . . , 0︸ ︷︷ ︸

s

, us + vs, 0, . . . , 0︸ ︷︷ ︸
s

, (λs + µs)qs)

(3.28)

and the other symbols have the same meaning as given in result 3.18. The result hold goods
under the conditions easily obtainable from those mentioned with result 3.9.
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4 Special Cases

By appropriately choosing the parameters, we recover several well-known fractional operators
and their results. For example, setting vj = 0 and S

Uj
vj [xj ] = 1 reduces our operators to those

studied by Garg and Purohit [7].In the result 3.26 if we replace gj by − (gj+1) (j= 1, . . . ,s) and
compare it with the result given by 3.18, after a little simplification,we get interesting relation-
ship.

5 Applications

The generalized operators presented in this paper can be applied to solve problems in:

• Signal and image processing, where fractional derivatives model non-local interactions.

• Mathematical physics, particularly in the study of anomalous diffusion and elasticity.

• Control theory for fractional-order systems.

6 Conclusion

This paper presents and analyzes a pair of multidimensional fractional calculus operators with
kernels involving general polynomials, sequences of functions, and the multi-variable H-function.
The results obtained are broad and versatile, offering a framework that encompasses and extends
several known fractional operators. By appropriate parameter choices, the findings can generate
new fractional integrals involving functions beyond traditional ones, such as the some useful
images of multidimensional fractional operators,the multi-variable H- function and polynomi-
als. These results pave the way for further exploration in the theory of special functions. Future
research may delve into numerical evaluation methods and investigate real-world applications
of these operators. The results unify and extend various known fractional operators, providing
a comprehensive framework for further research and applications. Future work may explore
numerical methods for evaluating these operators and their applications in solving real-world
problems.
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