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Abstract

This article explores new integral solutions for generalized Mittag-Leffler function, I-function, general class of
polynomials and incomplete I-function. To show the significance and applicability of our findings, we examine
certain circumstances involving significant special functions. The findings obtained are very general in nature and
may be used to drive a wide variety of interesting fractional integration operators and their applications.
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1. INTRODUCTION

The incomplete I-functions [1-3, 8] are exceptionally assists in deriving novel and previously outcomes due to its
widespread use in Scientific discipline and Technology . The Mittag-Leffler function contribute significantly to solution
of fractional differential equation, modeling anomalous diffusion processes, viscoelasticity and memory-dependent
system. The I-function [9, 10] being a very general class of special functions, unifies and extends many well-Known
functions especially the hypergeometric function, Fox H- function [7]. Due to its general nature, it has been widely
used in soling complex integral transforms and differential equations arising in mathematical physics and engineering
problems.

1.1. I-Function. I-function provides a highly general framework that unifies a wide variety of special function, con-
sisting the Fox H- function [11], Meijer G- function and several hypergeometric type functions. The I-function was
developed by Saxena and it’s generalisation of Fox’s H-function [7]. The illustration and analytical expression of the
I-function [9, 10] are as follows.
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1.2. Incomplete I-Function. The incomplete I- functions established through Bansal and Kumar [1] are defined as
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For convergence and other conditions see the work by Bansal and Kumar [1].
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1.3. Generalized Extended Mittag-Lefler Function (GEMLF). The general class of polynomials provides an
effective tool for generating broader families of integral representations. It enables the derivation of unified results

containing several class polynomial systems as special cases. Choudhary et al. [4] studied the generalized extended
Mittag-Leffler function (GEMLF) is described as.
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where Re(y) > 0,Re(¥) > 0, Re(w) > 0,Re(v) > 0,Re(c) > 0, min(Re(y — 1),Re(¥ + 1)) Re(B),Re(A)) > 0, in
Eq. (1.4) B%*(x,y) represents the generalized Beta type function [1] for further specification and characteristics of
GEMLF, refer to the work of Choudhary et al. [4].

1.4. General Class of Polynomials (GCP). The general class of polynomials (GCP) [11] is formulated as.
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In Eq. (1.5) r represents an arbitrary positive integer and (n (N, > 0) indicate the arbitrary constants.
2. MAIN RESULTS

In the current section we explored the four significant theorems on the multiplecation of the I-function, generalized
extended Mittag-Leffler (ML) function, the general class of polynomials and the incomplete I-function. The result
obtain in the present section are explored in the form of many significant formulas for the generalized extended ML
function, I-function, general class of polynomials and incomplete I-function in form of several simpler special functions
arising in science and technology problems.

Theorem 2.1. The followz'ng integrals is obtained in this section.
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where all the parameters are real/complex numbers satisfying the convergence conditions.
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Eq. (2.1) Multiplying by (1 wyy) (11:wyy) ((1 11)261 y)) and integrating w.r.t. x and y over the interval [0,1],

we obtain the required integral representation. Since the series involved are uniformly convergent under the given
conditions, the order of integration and summation can be exchanged. We obtain
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Proof. We have
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Eq. (2.1) Multiplying by (1 m}y) (11—1yy) ((1 11)(1 7

)) and integrating w.r.t. x and y over the interval [0,1]
we obtain the required integral representation. Since the series involved are uniformly convergent under the given
conditions, the order of integration and summation can be interchanged. We get
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Multiplying both sides of Eq. (2.3) by ¢(u + v)(u)"’l(v)p’1 and integrating w.r.t. u and v over the interval |0,
00|, we obtain the required integral representation. Since the involved series are uniformly convergent under the given
conditions, the order of integration and summation may be interchanged. We obtain
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Proof. We have
By [k (u)® ()Bl]fm“" [Ra(u)2(0)%] SY [/-63(11)“3() ] 1o [Ra(w) ™ (v)]

B BBA (U 41,y — U)(y); R & m) T
<3 B ey 0”07 38 R ) 2.0
[N/M] N ) .

~ Z P G (s @) x| L) (a0 e

Multiplying both sides of Eq. (2.4) by ¢(u + v)(u)°~!(v)?~!, integrating w.r.t. u and v Over the interval [0,00],
we obtain the required integral representaion. Since the involved series are uniformly convergent under the given
conditions, the order of summation and integration may be interchanged. We obtain
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Multiplying both sides of Eq. (2.5) by f(uv)(1 —u)°~1(1—v)?~1(v)? and integrating w.r.t. u and v over the interval
[0,1], we obtain the required integral representation. Since the involved series are uniformly convergent under the
given conditions, the order of summation and integration may be interchanged. We obtain
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h=1k=0
[N/M]
> PG sl (=000 g [ K6 bl == e
[N/M] m’
_ BEAMY + 1y = W) () (=1)*¢' () (=N)m, . B (L T
- X hzll;o Uy ULl tw) Bk o () ()™ (o)
1 +i00 ¢
o [ K w) e e
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1 1
|:/ f(uv)(l _ u)o-‘roql+a27]h,k+a3r—a4£—1(1 _ U)p—"—’gll+ﬁ2nh’k+ﬁsr+ﬁ4£_1’UUJ'_O“l+a2nh=k+a3r_a4£dudv
0

IR & B ALy = W) (D4 () (N, .
B Z B(¥,y — ¥)I'(vl + w)l Bk et o Me o (5) (R2) ™ (k3)

1
></ [16316! _§)a+p+(a1+ﬁ1)l+(a2+ﬁ2)nh,k+(as+53)7”*(014+B4)£f1d£
0

[ V1, A1,2),(1 — 0 — ail — aanpie — a5 o)

(L= p =Bl = Banne — B3r; Ba) (V5, Aj)g s (Vit, Aji) 41 4

(F)Ievf+2 I<L4Z(a4+ﬁ4)
git+2,hi41,8
W5,Gi) 1o Wi, Gjt) gy, L =0 = p— (a1 + 1)l
L —(aa+ B2)m — (as + B3) 1) ; (oa + Ba) i
Theorem 2.6.

/ / fluv)(1 —u)7 11 — o)t "E‘I"'y [f1(1 —w)* (1 —v)v] I;Z'qtbr, [k (1 = u)**(1 — v)P20*?]

x SN [k3(1 —u)®
[N/M] m' oo
_ Z ;

r=0 h=11

)% ag] ) ye.f [,.@4(1 —u)* (1 — v)B“v‘“] dudv

gi,hi,s

‘1=
Borr+l, 0N DX (1) (N, .
B(v, 7T(vl 4+ w) Brk! R CN,T(H)Z (K2) (k3)

1
X/ f(f)(l _§)U+p+(a1+ﬁ1)l+(a2+/32)mL.k+(0¢3+[33)7“—(0£4+/34)§—1d£

V1, A1, 2), (1 — 0 — oyl — aann i — asr; o)

(1= p = Bil — Bamnge — Bsrs Ba) (Vi Aj)a ¢ (Vit, Aji) 41,
WisGj)y o Wi, Gi) oy gy, =0 —p = (a1 + Bu)l
—(ag + B2)m — (az + B3) 1) ; (aq + Ba)

where all the parameters are real/complex numbers satisfying the convergence conditions.

Provided that:
Re(0+1+a11+a2nhk+a3r+a4c ) > 0, Re(a+1+a11+a2nhk+a3r+a4G ) > 0.

Re(ﬂ+511+52ﬂhk+53r+54c ) > 0.
|argk2| < 2T7T7T > O; where ] - 1727 sy €5 (p707alaﬁlaO‘%BQaaBaﬂS,a%ﬁﬁl) > 0.

42
(’Y)I;i:hul,s K4Z(a4+54)

Proof. We have
E;Ifﬁ [r1(1—w)* (1 - )P (v)* ] I;rflé,nr, [r2(1 —u)*2(1 — v)P2 (v)*?]

x S% [Ra(1 = w)* (1 =) (0)*] DIt | [ra(l —u)** (1 =) (0)*]

& BEAU A1,y — U)(y) . o
B(W,~— W)l (vz+w)l {r1(1 =) (1 —v) ()}

305 BB (a1 - (o)
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[(N/M]

—N 1
o S rRMT i / L€
r=0 ’ Q
Eq. (2.6) Multiplying by f(uv)(1—u)°~1(1—v)?~1(v)? and integrated w.r.t. u and v over the interval [0,1], we obtain
the required integral representation. Since the involved series are uniformly convergent under the given conditions,
the order of summation and integration can be interchanged. We obtain

(v {Ra(1—u)@2 (1 —v)Pa (v)2= )" ) {ra(1 — )™ (1 — v)% ()™} de. (2.6)

/0 /0 fluv)(1 — u)071(1 — v)pfl(v)”E:}IfL’] [/{1(1 —u)* (1 — )ﬁl al} Ip/ ’(’1, 17“, [/-@2(1 —u)*2 (1 — v)ﬁ%o‘z]
x SM [ka(1—w)™ (1 — v)Po @3] (W)I;lfhl s [Ra(l—uw)*(1— v)ﬁ‘*v‘“] dudv
_ ! ! wv —u o—1 —w pflva Bgy)\(qj+lvﬁyf\1})(’y)l K — ) —w Bl’t}al !
=[] s -wrta o) DR ey e R R
m’ oo Nk [IN/M] .
X Z( ¢ ('”hv’“) {ka(1 —u)™> (1 —v)Pp2 )" 3" N (v {ma(L— )™ (1 —v) v}
h=1k=0 Bkt r=0

1 _
X 2—/ L(& ) {ka(1 —u)*(1 v)ﬁ“va“} 5dfaludv
™ JO
N/M] m'
N $° §° Bt Ly = D (D i) VDt Gt ()0 g
oy Sl B0,y — 9)T'(vl 4+ w) Brk! r! y
< 1/+Z°°L<s ) (a) €
2m —ioco ’ 4
1,1
« [/ / f(uv)(l _ u)o+a1l+aznh,k+a3r—a4€—1(1 | v)p+61l+ﬁznh,k+63T+ﬂ4£—1UU-&-oql+a2nh,k+asr—a4£dudv
0 0
[N/M] m/

BEMNW + 1,y — U) () (=1)%¢" (i) (—N) s

(N (R) (K2) ™ (k3)"

_ | |
o et B(¥,y — ¥)I'(vl 4+ w) Brk! r!
1
« / f(f)(l £)U+p+(a1+,31)l+(012+/32)77h.k+(0¢5+ﬁ3)7“ (s+B4)€ 1df
0
V1, A1,2),(1 —0 — oyl — aann i — asr; o)
(Ve +2 g ZeatBa) (L—p— Bl = Bonne — Bsrs Ba) (Vi, Aj)g s (Vie, Ajt) 111 4,
gur2shit1ss (Wj’Gj)l,e’(le’Gﬂ)e+1,hl (1 g 7/) (al +61)l
—(ag+ B2) m — (a3 + B3)r); (ca + Ba)
O
Theorem 2 7.
l—z \* /1-y\’ 1 o.5) l—z \™/1-y\*
oy 1— 2K Y
1—a:y 1—xzy (1—2x) 1—zy 1—zy
1 _ (6%} 1 _ B2 o 1 _ (6%} 1 _ B3
XET\)I}L:JY K2 my 4 PR K3 xy Y
’ 1—2ay 1 -2y PirdiT 1 -2y 1—2zy
l—2z \“ [/ 1-y\™ l—z \*/1-z \7
SA e, dad
v M(l wyy> <l—xy> gohis | %0\ T 2y 1—ay” e
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_“%: i i B 4y = W), (DM () (CN)ar, (e (@t B4 n+ D+ )
h=11,k=0

— U,y — U)ol + w) N Brk! d nl(1 4 a)g k'
[—n

><2F1 a+ﬁ+n+1;1+a;m]
(Vi,A1,2),(1 —a— 0 — a1k’ — aol — asnp k. — aur; as)
() qe.f+2 s Z(05+55) (=B = Bk’ — Bal = Bank — Bars B5) (V3, Aj)y y Vi, Ajl)f_,'/_Lgl
g2, hitr,s (Wj7 Gj)l,e ) (lev Gjl)eJrl,hl (70[ —0—=p—= (al + ﬂl) k

— (g + B2)l — (g + B3) m) — (g + Ba)r) 5 (a5 + Bs)

where all the parameters are real/complex numbers satisfying the convergence conditions.
Provided that:
Re(a+0+a1k/+a21+agnhk+a4r+a5G ) >0,

Re (5 + B1k" + Bol + Bann i + Bar + Bg,G—j) >0,
|argk5| < %Tﬂ—vT > O; wherej = 1727 ) (p7 Crvalaﬁlaa27ﬂ23a37ﬂ37o‘4aﬁ4) > 0.

Proof. We have

a1 B1
1—x 1-—
plad) ll ok (1 y> ( y >
-y 1 -2y
phair |"3\ T gy 1—xy
l—z \* [/ 1-y\™
@) ye.f Y
T et l%(l—xyy) <l—xy> ]

:i(_”)k/(a+ﬁ+”+1)k'(1+a)n(n)kr 1o \“¥ 1y ¥
n!(1+ o) k! ! 1— xyy 1—2xy

l
— BEAW 41,y = W) () L N 1\
’ l; B(¥,y — W)Ll +w) | (1‘—7yy> (1 - xy)

m’ OOM (1_$ )as(l_y)ﬁs Mh,k
X’;’“Z:O ok {HS 1-xy?) \T-ay
— - x4 — Ba)"
e s(5) (52)')
r=0 r 1—qjy 1_.’Ey
-
l—2 \*/1—y Bs
27rz/K§7 { <1_$yy> (1_my> } d€. .

a+to B
Eq. (2.7) is multiplied by (11:73”“7'411) (11—_57;) ((12:)) and integrating w.r.t. x and y over the interval[0,1],we

otained required integral representaion. Since the involved series are uniformly convergent under the given condi-
tions,interchanging the order of integration and summation. We get

[ @) () (25) (28
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l—x \™/1-y\™ l—2 \*/1-2 \7
M (T) re.f
o [M (1—wyy> <1—my> ] Toiea |5 <1—$yy) (1—wyy) ey
[N/M] m/
_ S i N (=D (nk) (N)s, BEANT +1y = O)(0) (= (a+B+n+ 11+ o)
” Brk! rl B(U,y—U)(vl+w) nl(1 + o) k'

, “+200
x (k1)" (Ra)" ()™ (ﬁ4)ri./ K(& @) (as)"* d¢

2'/Tl —ico

1 1 ato+aq k/-i-azl-l-agnh’k—i-az;r—as{ ,3+B1k/+52l+6377h,k+547’—555
1—x 1—y 1
X y — | dzdy| .
o Jo \1—zy 1L —xy (1-x)

v~ B ALy =) (D (k) (N o, (0@t Bt nt D(A+ o)
‘ B(¥,y —U)I'(vl +w) Nor Brk! d n!(1+4 o) k'
r=0 h=110,k=0
X oFy [=n,a+ B +n+1;14 a; k1]

V1, A1,2) (1 —a—0 — a1k’ — aol — agnp . — cur;as)
(=B = Bik" = Bol = Bs,n e — Bars Bs) (Vi Ay s (Vie, Aj) 41,

(F)Ie’erQ I<L5Z(a5+ﬂ5) ,
gi+2ohitr,s W5, Gi) 1o (Wit, Gjt) oy, (v =0 — p = (1 + B1) k' — (a2 + B2) ]
— (a3 + B3)m) — (g + Ba)r) ; (a5 + B5)
O
Theorem 2.8.
1— ate sy \? 1 1— @\
/ / : : PP 11— 26, aay Y
l—xy 1—zy (1—x) 1—zy 1—zy
1 _ a2 1 _ B2 o 1 _ a3 1 _ Bs
XEQ\)IIZ:JY K2 ‘Ty Y I/w/i/ R3 my Y
' 1—zy 1—=zy L 1—zy 1—=zy
l—z \™ [/ 1-y\™ l—z \® [/ 1-2 \"
gM () yesf dxd
) l/ﬂ(l—xyy) <1—$y> Totts 110\ T4, 1y’ o
[N/M]
NS S B L W) (U ) (N, (et 8+ (14 ),
— o | | | k!
o Sl B(¥,y —U)I'vl +w) Brk! 7l nl(l+ o) k'
XoF1 [=n,a+ B +n+ 11 +a; k]
V1, A1,2),(1 —a— 0 — a1k’ — aol — asgnp i — aur; as)
(e f+2 s 2 (5H85) (=B = Bk’ = Bal = Bank — Bars B5) (Vi A1y (Vie, Aji) p 11 g,
G zohit1,s W5, Gi)io s Wi, Git) oy gy, (Fx =0 —p— (o1 + 1) k' — (a2 + B2) 1
— (a3 + B3) m—) (aq + Ba)7) ; (5 + B5)
where all the parameters are real/complex numbers satisfying the convergence conditions.
Provided that:
Re(a—!—a—!—alk’—!—agl—i—ag,nhk—|—a4r—|—o¢5‘g ) >0,
Re (ﬂ+ﬂ1k’+621+ﬂ3nhk+ﬂ4r+55g ) >0,
largks| < 377, T > 0, where j = 1,2,...,¢; (p,0, a1, B1, a2, B2, a3, B3, au, B1) > 0.
an
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l—z \™/1—y Pa
K
4 1—myy 1 -2y

1 —x Qs 1 _ Bs
('Y)[e’f Y
X gi,hi,s [HS (lxyy> <1xy

_ i (cmlatBtnt Di(+an , o < 1—2 )alk’ < 1y >m’

nl(1+ o) k! 1—xyy
1
S+ Ly = W) (y) (Lo 1y |\
(T, vy — 9wl + w) *\1- xyy 1—ay

2L (<) () -z \® [(1-y\*
P Brk! {H3<1—wyy) (1—3611)

X
e
5| &

h=1k=0

[ /M] (7N)J\/17‘ <1f1} )Oé4<1y)64 r
X N e Y

= r! 1—2ay 1 -2y

as Bs) ¢
1 1—x 1—y

— [ L deg. 2.8

<o | <5,x>{n5<1_wy> (1=2) } ¢ 23)
a+o B
Eq. (2.7) is multiplied by (f_’fyy) (f:xyy) (ﬁ) and integrating w.r.t. z and y over the interval [0,1], we

otained required integral representaion. Since the involved series are uniformly convergent under the given conditions,
interchanging the order of integration and summation. We get

1—az \*"/1-y\’/ 1 1—z \“ [ 1-y\™
LLG=) (28) ) - ) (5)
0 1—:vy 1—ay (1—x) 1—xy 1—ay
1— 2 Qs 1—y B2 Iméﬂl;- 1—2 as 1—vy Bs
"2 1—wyy 1—uzy phair |8 l—fryy -y

W,y
><Ev7w

(e %'} Ba as Bs
1—a 1—-y 1—2 1—2
M e f
N lM(l—wy) (1—171/) ] s | s (1—xyy) (l—xyy> ey
[N/M] m B\
-y Z Z CN ¢ (i) =Ny, Be* (Y + 1Ly =) (e (a+B+n+ 1)1 +a)n
=S5 ,Bhk! rl B,y —U)(vl +w) nl(1+ a)p k!
k' l Nh .k ro 1 oo —£
() ()’ ()™ (ka)” 5 [ (€ ) ()
Lol s o ato+ark’+asl+azny ktasr—asé 1—vy B+B1k" +B2l+Bann, k+Bar—BsE 1
L G=) (=) (=) e
o Jo \1—2y 1=y (I-2)
[(N/M] m’ B K
-y % Z Ba (W + 1Ly =9 ¢ (D (ng) (EN)ar, (e (e + B+n+ 1)1+ a)y
B,y — U)ol +w) N Buk! 7l nl(1+ a)pk'!
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(Vi,A1,2), (1 —a—0 — ark’ — asl — asnpp — aur; as)
(Ve +2 g 205 +B5) (=B = Bik" — Bl = B3, — Bar; Bs) (Vis Aj)y (ij,/Ajz)nH,gl
g2 hitr,e (W5 Gi)y o s Wits Git) gy gy, (0 =0 = p = (a1 + B1) K = (a2 + ) 1
—(az + fB3)m) — (s + Ba)r); (s + Bs)

3. SPECIAL CASE

1. On specializing the values of various parameters involved in Theorems 2.1 to 2.8, then similar results can be
obtained by Chaurasia and Shekhawat [5].

2. On giving some particular values of various parameters involved in Theorems 2.1 to 2.8, then similar results can
be computed by Chaurasia and Singh [6].

4. CONCLUSIONS

In this paper, advanced results in integral calculus were established by using combination of the GEMLF, incomplete
I-function, GCP, and I-function. At the end of our work, we emphasise that the results investigated can be utilised
to create a variety of beneficial properties and outcomes of the GEMLF, incomplete I-function, GCP, and I-function.
Furthermore, we may reach a number of intriguing and important conclusions by carefully selecting special values for
the individual specification in the generalised extended Mittag-Leffler function, incomplete I-function, general class of
polynomials; and I-function. Consequently, it is concluded that we reached in this work would immediately provide a
significant number of special function insights, including various results discovered in natural science.
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