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Abstract: In this paper, we introduce a new extension of Mittag-Leffler function. We investigate its basic properties, including
recurrence relations, differential formulas, integral representations, Laplace transform and Mellin transform. Furthermore, we
establish fractional integral and differential operators associated with this extended Mittag-Leffler type function. Several inter-

esting special cases of our main results are derived.
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1 Introduction

The Mittag-Leffler function is highly useful and important due to
its special properties and significant potential in solving applied
problems. Therefore, it gained more attention in several areas of
applied mathematics and engineering sciences, such as statistical
distributions [12], stochastic processes [10], mechanical relaxation
[11], modeling of processes (diffusion) [15], electrotechnics [19], com-
plex network [2], etc. Moreover, the functions of the Mittag-Leffler
type appear in many fields of science, such as physics [32], chemistry
[14], biology [8], economics [30].

The real importance of the Mittag-LefHler function has been recog-
nized when its special role in fractional calculus has been discov-
ered. The fractional calculus extends the conventional integral and
differential operators. The concept of fractional calculus emerged
in History as a response to the query of whether derivatives of inte-
ger order can be expanded to fractional order. There are numerous
definitions of fractional derivatives and integrals, each with distinct
properties and capacities to model various behaviors.

In [3], Atangana and Baleanu introduced a new fractional deriva-
tive known as the ABC-fractional derivative, which utilizes the Mit-
tag—LefHler function as its kernel. The ABC-fractional differential
operator is more suitable for accurately describing real-world phe-
nomena, as it is a nonlocal operator with a nonsingular kernel. The
ABC-fractional derivative has gained popularity in recent years pri-
marily due to its wide-ranging applications [4, 22, 31]. For further
details on the fundamental advancements in ABC-type derivatives,
readers can refer to recent works [1, 7, 9, 29].

Definition 1.1. ([16]). The Mittag-Leffler function Eq(z) is defined

by
Zn
Ea = - ) . . 1.1
(2) EﬁQF(an+1) a,z € C,R(a) >0 (1.1)

Definition 1.2. ([33]).
E, g(z) is defined by

The two-parameter Mittag-Leffler function

o0 Zn
Eop(z) = Z(:) T h) B,z € C,R(a) > 0,R(B) > 0.

(1.2)

Definition 1.3. ([20]). The three-parameter Mittag-Leffler function
Egﬁ(z) is defined by

0 ( ) n

B =S5 "
”“B(Z) Z I'(an+ B) n!’
n=0
(o, B,7,2 € C,R(cx) > 0,R(B) > 0,R(y) > 0),

where (v)n denotes the Pochhammer symbol defined in terms of the
familiar Gamma function T by (see, e.g., [26])

(1.3)

1 =0),
T(y+mn) (n=0)
(Vn = 71-‘(7) =
Yy +1D.(y+n—1)  (neN:={1,2..}).
Definition 1.4. ([17]). The extended Mittag-Leffler function

Eg’Z(z,p) is defined by

n

o0
By (y+n,c—7)
B (v,c—7)

(e)n z

T (an+ 8) n!’ a4

E)5(zp) =

n=0
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where a, B,7,¢c € C; R(a) > 0, R(B) > 0, R(v) > 0, N(c) > 0,
pE Rg and By (z,y) is an extension of beta function defined in [5, 21]
as follows:

1
[ A
Bp(l’,y) = / t171 (1 - t)y_l e -1 dtm (15)
0

R(z) > 0,R(y) > 0,R(p) >0

and Bo(z,y) = B(z,y) is the familiar beta function (see, [26]).

Definition 1.5. ([18]). The Mittag-Leffler-type function of arbitrary
order Ei’%(z) is defined by

1’1]+I€
E _ 1.6
ZF(6+a(ny+k)) (16)
a,B,2 € C,R(a) > 0,R(B) > 0,5 > 1,k >0.
Definition 1.6. [27]. The Fox-Wright function is defined as
d; + D;n) zn
p\Iqu: (dlyDl) (dvaP ‘ :| Z )i’
(e1, E1), ..., (eq, Eq) H I (e; + Ejn) n!

(1.7)
where di,Di,ej,Ej,Z e C, %(dl) > 0,§R(Di) >0, ¢=1,..,p,

R(e;) > 0,R(E;) >0,
J=1..4q
and 1+ % (23:1 Ej—y" . Di) >0.

Definition 1.7. The H-function of two variables is defined as

0,B:A1,B1;A2,B2
C,D:C1,D1;C2,D2

SR
; 1o

21 (aj;a ( ( )’7(1)) C17( ( )77‘;2))1,6'2

2 | (585787 )1p s (@), 5,

2
1
= 72/ / é(m,n2) H 0:(n:)z;*)dn1dnz,
@mw)” Jp, Ji, P

where w = v/—1, and

Dy (d 2)75;2))1@2

(1.8)

B 2 i
HJ T (17‘11+Zi:1 ag.)m)

D 2 ;
]._[J 1 (1 b+, 551)77i)

1
c 2 @\
|| (ad 29 m)
(%) (%) B; (%) (4)
HJ ) (d —4; m) [[Z,T (1 - +7; m)

D; (@), ()
H],:Aﬁl r (1 —d;’ +6; m)
1
i W _ 0 )
[Ligat ( L ”1)

For conditions of convergence for the H-function of two variables
(1.8), one can refer to [28].

(m,m2) =

X (i=1,2)

0i(n:) =

(i=1,2).
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Definition 1.8. (/25]). The Laplace transform of the function f(z) is
defined as

LA{f(z);s} = / e *?f(z)dz, R(s) >0 (1.9)
0

Definition 1.9. ([25]). The Mellin transform of the function f(z) is
given as

o0
M{f(z);s} = / =1 f(2)dz = f7(s), R(s)>0,  (1.10)
0
and the inverse Mellin transform is defined as

e = 5 / I (s)e s,
L

where L is a contour of integration that begins at —ico and ends at
300.

flz) =M~ (1.11)

Definition 1.10. (/23]). The left-sided Riemann-Liouville fractional in-
tegral operator 1}, and the right-sided Riemann-Liouville fractional
integral operator I} are defined by

1

— /z(x — Tl ()dt, (R(v) > 0,2 > a)

(12.5) (@) = NG

(1.12)

b
() (@) = ﬁ/ (t—z)" " f@)dt, (R(v) >0,z <b).
’ (1.13)

Definition 1.11. ([23]). The left-sided Riemann-Liouville fractional
derivative operator DY T and the right-sided Riemann-Liouville frac-
tional derivative operator Dy_ are defined by

(D2 0) @ = (5) " (1270 @, R0) > 0,m =) + ),
(1.14)
(Drg) @ = om () (@) @, (L15)

R) >0,m=[Rw)]+1),

where R(v) denotes the real part of the complex number v € C and
[R(v)] represents the integral part of R(v).

Here, we recall the left and right-sided Riemann-Liouville fractional
integrations of a power function are defined in [13] by

r(\)

Atrv—1
TOto)" ’

(R(v) > 0,R(N) >0),
(1.16)

(151 () =

(Izt)\—l) (LB) — F(l — V- >‘) x)\-‘y-l/—l’

T (0 < Rw) <1—RN),

(1.17)

respectively. The left and right-sided Riemann-Liouville fractional
differentiations of a power function are defined, respectively, by (see

[13])
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£

(DE 1) (@) = mm’\_”_l, (R(v) > 0,R()\) > 0)
(1.18)
and
(DY) () = %xk—"—l, (1.19)

(R() > 0,R(A) < R(v) — [R(W)]).
Next, motivated by the above such extensions of the Mittag-Leffler
function, we define a new extension of the arbitrary order Mittag-
Leffler-type function (1.6) and investigate its certain properties.

2 Basic properties

Definition 2.1. . An extension of various functions described above
can be given by the definition of extended Mittag-Leffler-tpe function
of arbitrary order, represents as follows:

Yicidik o\ - By (v +n,¢—7) (c)n
Eop (z’p)_zonlB('y,c—"/)F(ﬂ-{-a(nj-‘rk‘))

ZMtk(2.1)

where c, 8,7, c € C; R(ar) > 0, R(B) >0, R(7y) >0, R(c) > 0,5 > 1,
k>0,peR].

We consider special cases enumerated by equation (2.1)

(i) Setting p =0 and v =1 in (2.1) yields (1.6), as established
by Pathan and Bin-Saad [18].

(ii) Setting 7 = 1 and k = 0 in (2.1) yields (1.4), as established
by Ozarslan and Yilmaz [17].

(iii) Setting k = p =0 and j = 1 in (2.1) yields (
lished by Prabhakar [20].

1.3), as estab-

The following theorems list some basic properties of this function.

Theorem 2.1. Let a,f,7,¢,z € C, R(a) > 0, R(B) > 0, R(y) > 0,
R(c) >0andj>1, k>0, peRT, then

E:C00k

IR () — 163, d .
E272] (Z,p) - Eg L—}il (Z p) + OCZI o 3+1 (z,p) (22)

Proof. Applying (2.1) to the right side of (2.2), we get

ek d k
BE(’I,Eil (Z p) + OLdeE(’I /CBil (va)

Bp Y4+n,c—7) (€)n 2 HE
NT(B+alng +k)+1)

_ v:€33,k <~
e el 3 O

(nj + k) Bp (Y +n,c—7) (¢)n 2™ +F
n'B (vse=MT(B+ani+k)+1)

E’Y» 3,k

st ( Zp)+o‘

_Z (B+ olnj + k) By (4 +n,c = ) ()n 2"+
—~ n! B(y,c—=7)T(B+a(nj+k)+1)

_Z Bp (v +n,c—7) (¢)n

W B (y.c— )T (B + a(nj + k)

which, in terms of (2.1), yields the desired formula (2.2).
This result generalizes the Corollary 4 in [17], if we consider j =1
and k£ = 0 in (2.2), we have the well-known result of [17].

an+k

)
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Theorem 2.2. Let o, f3,7,¢,2 E(C R(a) > 0, R(B) > 0, N(v) >0,
R(c) >0andj>1, k>0, peR , m €N, then

d\™ ¢ o
(*) [ B G M w2 p)| = 2P T ED G (w2 p).

dz
(2:3)

Proof. From (2.1), we find that

d\™ 1 c;g,k
(2)" s

(AN By (y+me—7) (c)n whith
- (i) Zgn!B(w,c—w>r(5+a<nj+k>>

72 Bp Y+ n,c—7)(C)n wndtk 5
n! B(y,e—y)I' (8 —m+a(nj +k))

>

za(nj+k)+[3—1

a(nj+k)+B—m—1

Bp (v +n,c—7)(¢)n

nj+k.
n! B(y,c =7 (B-m+a(nj+k)

)

(2.4)

Now, using (2.1) in (2.4) we obtain the desired formula.

This result generalizes the Theorem 11 in [17], if we consider j =1
and k = 0 in (2.3), we have the well-known result of [17].

Theorem 2.3. Let R(a) > 0, R(B) > 0, R(y) > 0, R(c) > O,
R()>0andj>1, k>0, peRT, then

1
1 - —1 gv.cidk ik
- / (=0T ELGT (et p)dt = BL G (25p), (25)
™ Jy
z
— 165,k 165,k
/ 8 1E;Z] (wto‘;p)dt:zﬁEg’Eil (wz; p). (2.6)
0
Proof. We have
1 .
/ 9 (1= 1)V EL G (2% p)dt
0
1
:/ Pt (1 — !
0
oo
Z Bp (v +n,c—7) (C)'{L (2%t gy
“nl B(y,c=y) I (B+a(nj +k))
n=
_ Z Bp (Y +n,c—7) (0)n itk
n! B(v,c=7I'(B+a(nj+k))
1
/ tﬂ«ka(njﬁ»k)fl (1 _ t)ufl dt
0
_F(V)Z BP 'Y+nc_’Y)() an+k
<0l B(y,c =) T (B + v+ alnj + k)
n=
N
= D) EL 5 (2:p),
hence (2.5) is proved.
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Next, we have

z
/ t/BflEg:cﬁ;j’k(wto‘;p)dt
0

= Z Bp (Y +n,¢=79) (¢)n Witk /z (Brani+k)—1 g
nl B(yv,e=7T(B+alnj+k) J,

oo

Bp (y +n,c=17) (¢)n w™H*

:Zn!B(%c—7)(ﬁ+a(nj+k))F(ﬂ+a(nj+k’))

n=0

7) (O)n
NT(B+alng +k)+1)

By (v +n,c—

_Zﬁzn'B (v, —~

k
_ gy Sk (w20 p),

which is the result (2.6).
When p = 0 and v = 1, Theorem 2.3 reduces to the following
corollary.

(wza)nj+k

Corollary 2.1. The following results hold:

1
B=1 (1 _ p\v—1 ik a gk
F(V)/Ot (1=t)""" E}L(at™)dt = E} 5, (2) (2.7)
and
z .
/ tﬁflEZx’ﬁ(wto‘)dt—z E]’ 1 (wz%). (2.8)
0

3 Integral representations

Theorem 3.1. Let R(a) > 0, R(B) > 0, N(y) > 0, R(c) > 0 and
i>1,k>0, p€ERY, then

P

B(’Y,C—’Y)

1
_ — ,1 i
/ (1 )T TS TES; grak (t27) dt.
0

Proof. Using (1.5) in (3.1), we obtain

oo

1¢idsk —
By g7 (zp) =

(3.1)

k

E’Y’C;j’k(z;p) — Z Z
B 0 B (’Y,C - ’Y)

1 .
t'y+nfl (1 _ t)cf’yfl e*ﬁdt (C)n (Z])n
o n! T (anj + B+ ak)’

which can be written as

2k ! P
— [ vl —perTle T
B(v,e=7) J,

Z (©)n (t27)"
I'(anj + B+ ak)n!

n=0

L5 (zip) =

oo

Applying (1.3) in above equation, we obtain the required result.
Setting t = sin?0 and t = p%u in Theorem 3.1 yields Corollaries
3.1 and 3.2, respectively.

Corollary 3.1. The following result holds true:
22k

E’Y’C;j’k(z;p) —
>0 B(y,c=7)

jus
p)
/ sin?7710 cos?c—277 19

e*m Ew Btak (z sin 0) do. (3:2)
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In view of (1
When j =1 and k = 1, Theorem 4.1 reduces to the following corol-
lary.
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Corollary 3.2. The following result holds true:
2k oyl
B(’Y,C—’Y) 0 (1+u)c
uzd
By stak (1 mn u) du.

These results generalize Corollaries 2 and 3 in [17], if we consider
j=1land k= 0in (3.2) and (3.3), we obtain the well-known results
of [17].

1G53,k _
E}G7 (zp) =

_p(1tw)?
e u

(3.3)

4 Integral transforms

Here, we evaluate the Laplace and Mellin transforms of the extended
Mittag-Leffler function (2.1).

Theorem 4.1. (Laplace transform): Let R(a) > 0, R(B) >
R(v) > 0, R(e) > 0, R(o) > 0, R(q) > 0, R(s) > 0 and j 2
k>0, p€RS, then

s—(atok) k

oo
24 L SEEVCSIR (10 )y = —
/O o I(MT(c—7)
P | A=%11): =
z \J
2| o-

(1_q_0k70j)7(1_071)

¢1,2): (0,1),(c—~,1);

(4.1)
(07 1)7 (C -7 1) )
Proof. We find from (2.1) that
o0
/ 2Pt _”Eikﬁ,yé( 27) dz
0

_ Z Bp Y+ n, C—'V)( )7? znithk Oozq+anj+ak—le—szdz
W B (e T (B +aln 1 8) ),
. 57(Q+<7k):v'
LT (e—n)

iBp('y+n,cfv)F(q+ak+anj)F(cfn)x”j
n! T (B+ a(nj + k)) sond '

(4.2)
n=0

Evaluating By (v + n,c — ) in (4.2) using the series form of (1.5),
we obtain

(2z27)dz

0o
p—1_—sz nj,k
/ e Ea,ﬂmﬁ
0

s—(a+ok)
:r s ZZ

F(7+n—m)F(c—7—m) m( T nj
x I'(c+n—2m)m! n! (=p) (7) ’

(gq+ck+onj)T (c—n)
I'(8+a(nj + k)

e

.8), we get the desired result.
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Corollary 4.1. The following result holds true:

/oo a1 75zE'y,C( )d S*(‘I)

297 %e rz%;p)dz = ————
o @ FMT(e=7

1o P (1-711): -
X H{'1.0'2/2) "
(&) | =12 (0,1),(c—71);
(17(1’0’)7(176»1)
(4.3)
(07 1)7 (C -7 1) 5

Theorem 4.2. (Mellin transform): Let R(a) > 0, R(B) > 0, R(vy) > 0,
R(c) >0, R(s) >0andj>1,k>0,peRS, then

ZPT(s)T(c—v+ )
(e —)

z]} ) (4.4)

ME o] =

(¢, 1), (v+s,1)
Y2 |: (B+ ak,aj),(c+2s,1)

Proof. Applying the Mellin transform to equation (2.1), we get
o0
Ik oy o] — — esdik .
MIELG (25p) ;5] —/O p T EL G (zp) dp

Now,using (3.1) in (4.5), we have

zk /OO s—1
= P
B(v,e=7) J,

1 —_Pp
[/ (1 — et et<1—t>] ES, pran (t27) dtdp.  (4.6)
0

Changing the order of integrations in (4.6), we obtain

(4.5)

MELE* ip)i0]

k
o z
M[ELGE (zp)58] = ——
L ] B(y,e =)
1 oo L
/ O A=) T T ES sy (27) {/ ps_let(lﬂdp:| dt.
0 0

(4.7)

Substituting u = n (4.7), we have

7t(lp—t) i

M[ELGHE (zp) ;5]

P

B(’Y7C_’Y)

1 o
/ trrs—l (1 —g)evts—t Eg i stak (tzj) |:/ u51eudu] dt
0 0

Zkr(s) 1t'y+s—1( t)c v+s—1 pe (t j) dt
_ z .
B(v,c=19) J, o prak

(4.8)

Further, using (1.3) in (4.8), we find

L PLaN
M [EZ’;’J’k (z;p) ;s] (S) ) / t’7+n+5* _ t)cfnyrsfl
’ (v, e =~

o0 .
()n 2™

dt
Z T (anj+ B+ ak)n!
n=0
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which gives,

2kT(s)T(c — v + s)
LI (e =)
I(c+n) T(y+s+mn) (7)"

L' (B+ak+anj)(c+2s+n) n!

(25 o] -

Finally, using (1.7) in above equation, we obtain the required result.

When s = 1, Theorem 4.2 reduces to the following corollary.

Corollary 4.2. The following result holds true:

> . El(c—~v+1)
EVSHR () dp = o 5
/0 @h INCIINCEEY)

(B + ak,aj), (c+2,1) ‘23} : (4.9)

This result generalizes the Corollary 6 in [17], if j = 1 and k = 0,
equation (4.9) coincides with the result in [17].

Corollary 4.3. (Inverse Mellin transform): Let R(a) > 0, R(B8) > 0,
R(y) >0, R(c) >0, R(s) >0andj>1, k>0, pu>0,peRY, then

2k ptioco
- / IL(s)I'(c—~v+s)
S,

EY Gk ip) =
o8 (zp) 27 T'(y)I(c —

(071)7(74’8,1) . s
x 2Wo [ (B + ak,aj), (c+ 2s,1) ZJ} p~*ds.
(4.10)

Proof. Applying the inverse Mellin transform to both sides of equa-
tion (4.4), we get the result.

This result generalizes the Corollary 7 in [17], if j = 1 and k& = 0,
equation (4.10) coincides with the result in [17].

5 Fractional calculus operators

In this section, we derive certain interesting properties of
Eg*g“k(z;p) related to the operators of Riemann-Liouville frac-

tional integral and derivative.

Theorem 5.1. Let v,a,3,v,c,w € C with R(v) > 0, R(a) > 0
R(B) >0, R(Y) >0, R(c) >0andj>1, k>0, peER, x> a. Let
I/, be the left-sided operator of Riemann-Liouville fractional integral.
Then

(1, [t =) ELGE (0t - a)*5p)]) (@)

_ +v—1 ¢35,k .
= (@—a)f "B (W@ —a)¥ip). (5.1)
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Proof. Using definitions (2.1) and (1.12), then after some simplifi-
cation, we obtain

(1, [(t —a) P ELG MW (- a)*;p)]) (@)

ZBp Y+ n,c—7) wtE (o)
%c—w) n! T (8 + a(nj + k))

(]1/ [(t_a)ﬁ+a('ru+k)fl}) (I)

Z Bp (Y +n,c—y)wt*(e)n
7,077) n! (B + a(nj + k))
(z — a)/3+u+a(n3+k)—1

oo

=(r—a B+v—1 BP (7+n’c_’}/) (C)n
= ( ) nZ:On'B(%c—’y)F(B-FOé(”j‘"k))

LB+ a(nj + k)
T'(B+v+a(nj+k)

v— . B(’Y+n1c_’7)
= (z—a)’t 12 pB(%C_’y)

a)a)nj+k

(w(z -

(©)n
FB+v+alnj+k))

n=0
(ol — a))"+

= (z— )" EYGIE (w(z - a)*p).

This result generalizes the Theorem 2.2 in [21].

Corollary 5.1. Take j =
Rahman et al. [21]

1 and k = 0 in (5.1), we get the result of

(12, [t = )7V EYS (w (t — a)*;p)]) (@)
— (o - @) TUETS, (w(z - a)%ip). (52)

Theorem 5.2. Let v,a,f,v,c,w € C with R(v) > 0, R(a) > 0,
R(B) >0, R(y) >0, R(c) >0andj>1,k>0,peRT. Let I” be
the right-sided operator of Riemann-Liouville fractional integral. Then
— ,c5,k —a. o 33,k
(12 [ ™ (o7230)]) o) = 2B (o 0sr).
(5.3)

Proof. Using definitions (2.1) and (1.17), then after some simplifi-
cation, we obtain

(72 [P B (wtim)]) (=)

1 in('ern,cfv)
B(y,c—7) ! n! T' (B + a(nj + k))

(IZt—V—ﬁ—a(nJ‘He)) ()

w”j"'k(c)n

o B—a(njtk)

1 i By (v +n,c—7) w9tk (o),
B(y,c—7) — n! T (B84 a(nj + k))

- By (v +n,e—7) (¢)n
Zn'B (vye=7)T (B + a(nj + k)

re+ a(nJ +k))
(ﬁ+u+ a(nj +k))

(wxfoc)njﬁ»k

This completes the desired proof.

Setting p = 0 and v = 1 in the result in Theorem 5.2, we get an in-
teresting formula involving the Mittag-Leffler function of arbitrary
order (1.6), which is asserted by the following corollary:

Corollary 5.2. Let v,a,8,w € C such that R(v) > 0, R(a) > 0,
R(B) > 0and j > 1, k > 0. Then the following right fractional
integral formula holds true:

(12 [t PELS (wt7)]) (@) =27 PE2S  (w2™).  (5.4)

Theorem 5.3. Let v,a,B,v,c,w € C with R(v) > 0, R(a) > 0
R(B) >0, R(y) >0, R(c) >0andj>1,k>0,peR’, z>a. Let
Dy, be the left-sided operator of Riemann-Liouville fractional deriva-
tive. Then

(D;’Jr [(t - a)ﬁflE”’g‘j”“ (w(t— a)“;p)}) (=)
=(z— a)ﬁ v— 1E"’ CJ k (w(z —a)®;p).

—v

(5.5)

Proof. For the proof of assertion (5.5), we use (1.14) and (5.1
the left hand side of (5.5)

) in

(D [t = )P BYE7E (Wt — a)*;p)]) (@)

= (£) [@—aPm Byt - a)%0)]

B—v—1 pv.ciik

=(z~a) Tk (w(e—a)¥:p),

This completes the proof of (5.5).
This result generalizes the Theorem 2.2 in [21].

Corollary 5.3. Take j = 1 and k = 0 in (5.5), we get the result of
Rahman et al. [21]

(D, [ = @) T BYG (wt — a)*;p)]) (@)

= (v - )PV TUEYS, (wie - a)*ip). (5.6)

Theorem 5.4. Let v,c,3,7v,c,w € C with R(a) > 0, R(B) > 0
R(v) >0, R(c) >0, R(v) >0, NRB) >Rw)]+1landj>1 k>0,
p € RS’. Let DY be the right-sided operator of Riemann-Liouville
fractional derivative. Then

(D2 [P 7™ (otm249)]) () = e P ETSE (i)
(5.7)
Proof. In order to the prove (5.7), we use (1.15) and (5.3) in the

left hand side of (5.7)
(D~ [P B (wt’”‘mﬂ) ()

(2

L ()

B — x*,BE’Y,ﬁ,LV (w:cfo‘;p) ,
z= P Z rOy¥ne=y) (©n - (wz )itk which completes the desired proof.
n! B(y,c—v) T'(B+v+a(nj+k)
Corollary 5.4. If we take p = 0 and v = 1 in equation (5.7), we obtain
—B Gk —a, .
=z "E gy, (wx ,p) : (DZ [tl’*BEé’% (wtfa)}) (z) = xiBEi’ B (w:r:fo‘) . (5.8)
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6 Conclusion

In this paper, we derived a new extension of the Mittag-Leffler func-
tion and investigated several of its properties. The special cases of
the main result for j = 1 and k = 0 are detailed in [17]. There-
fore, the results introduced in this present article are new and an
extension of the related outcomes in the current literature (see,
e.g., [18, 21]). In addition, it is important to note that the func-

tion EZ’Z;j’k (z; p) is highly compatible with fractional calculus. The

newly defined Mittag-Leffler function Egjgj’k(z; p) discussed in this
article will have applications across various fields of applied sciences.
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