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1 Introduction

The Mittag-Leffler function play a major role in physics and engineering problems. It is also
used in fractional calculus and its applications (Kumar et al., 2020). The Mittag-Leffler func-
tion arises in the solution of fractional order integral equations or fractional order differential
equations. It is mostly used in the area of applied sciences like rheology, fluid flow and electric
network, fractal kinetics (Atangana, 2017), medical science (Ghanbari et al., 2020), fractional
and fractal calculus and its applications (Nisar et al., 2020). It arises in the investigation of ran-
dom walks, Levy flights, super diffusive transport, fractional generalization of kinetic equation
and in the study of complex systems.

The kinetic equations describe the continuity of motion of substance. Due to the effectiveness
and a great importance of the kinetic equation in certain astrophysical problems we develop a
further generalized form of the fractional kinetic equation involving the m-parameter Mittag-
Leffler function.
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Haubold and Mathai (2000) discussed the fractional differential equation between the rate
of change of the reaction, the destruction rate and the production rate. Let 9t = (90t;) be the
arbitrary reaction which is defined by a time dependent quantity. Then the fractional differential

equation is given by
am
dr = _d(mT) + T(m7)7 (1)

where

d = d(9M) is the rate of destruction,

r = r(9M) is the rate of production and

(M) is the function defined by M, (7%) = M(T — 7%), 7 > 0.

As a particular case of the above equation (1), we have

am;
dr

= —p;M;(7), (2)

with 9;(7 = 0) = My is the number density of the species j at time 7 = 0 and p; > 0. The
solution of equation (2) is given by

gﬁj(T) == Dﬁge_pﬂ—. (3)
On integrating equation (3), we get
M(7) — Mo = —poD ' M(7), (4)

where (D! is the particular case of Riemann-Liouville integral operator (@, ¢ given by

(0D5%9)(r) = F(lg) /0 "7 — W g(u)d(u), R(E) > 0. (5)

where T' is gamma function (Rainville, 1971, Eq. (8), p.9)
oo
['(m) = / tm e tdt, R(m) > 0.
0

For more details on Riemann-Liouville fractional operator, readers can refer Kilbas et al. (2006);
Liouville (1823).
Also, Haubold and Mathai (2000) gave the fractional generalization of the standard kinetic
equation (4)
M(7) — My = —p*eD; ' M(7) (6)

whose solution is given by
(1) ¢
M(1) =M —_— 5. 7
(1) =T0Y- ey o) 7)
Saxena and Kalla (2008) gave the following fractional equation
M(r) — Mog(7) = —p*oD7M(7), R(E) > 0. (8)

We have used Natural transform in our work since it is a generalized version for the Laplace
transform (Spiegel, 1965) and the Sumudu transforms (Watugala, 1993). Khan and Khan (2008)
first introduced Natural transform.

The Natural transform of the function g(7) is given as (Khan and Khan, 2008, Eq. (1),
p.127)

G(s,u) = N[g(7);s,u] = /OOO e Tg(ur)dr, (9)
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where R(s) > 0, s is a complex number, u € (—t1,t2). The real function g(7) > 0 and g(7) =0
for 7 < 0 is sectionwise continuous, exponential order and defined in the set

7|

A={g(r):3H,t1,ta > 0,]g(1)| < He' ,7 € (—1)7 x [0,00)}.

Under particular values of v and s, the Natural transform reduces to Laplace and Sumudu
transforms:

(i)  When u = 1, the Natural transform reduces to Laplace transform Spiegel (1965) which is
given by

where s is a complex number, R(s) > 0, g(7) is of exponential order and piecewise continuous.
(i) When s = 1, the Natural transform reduces to Sumudu transform Watugala (1993) which
is given by

G(u) = Slg(r);u] = /000 e Tg(ur)dr, u € (—ty,ta),

where ¢(7) is of exponential order and piecewise continuous.

For studying various types of generalizations of functions, their properties, applications and
generalizations of fractional kinetic equations with their solutions readers may refer to the fol-
lowing papers Agarwal et al. (2018); Chandola et al. (2020, 2021a,b); Nisar (2020).

The generalized Mittag-Leffler function with m-parameters (Agarwal et al., 2021) is defined

as
[e e}
H1,V15042,V25 5 o Uy t — E( Ml vin /‘LQ vamn - - (HT)VTH tn 10
piPLAL; 62”‘2"";51””?() %P3 B’ — T(an +p)(B1)rin - (Bplrpn (10)
where (@, V), = (1, v1; 2, v2; .. 5 s V), (By K)p = [61, K1; B2, K25 - -5 Bp, Kpl, THp = m—2, m is

any positive integer, t is a complex variable, u;, v;, o, p, 5, k; € C, with min R{e, p, ps, vs, B, 55} >
Ofori=1,..,rj=1,..,p

The generalized Mittag-Leffler function with m parameters reduces to the following special
cases on giving specific values to the various parameters:

(a) For r = p = 0 and p = 1 equation (10) reduces to the Gosta Mittag-Leffler function
Mittag-Leffler (1903) given by

o0 tn
_;Jr(omm’ (11)

where a« > 0. FE, is entire function of the complex variable ¢, and I' is gamma function
(Rainville, 1971, Eq. (8), p.9).

(b) For r = p = 0 equation (10) reduces to the Wiman function (Wiman, 1905, p.191) given by

o0

Fuy(t) = 2‘6 F(a:;p) apeC, R(a),R(p)> 0. (12)

(¢c) Forr=p=1andv; =1,6 =1,k = 1 equation (10) reduces to the Prabhakar function
(Prabhakar, 1971, Eq. (1.3), p.7) given by

o)

IZHOEDY 1%, R(a) > 0,R(p) >0, u>0 (13)
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where (1), is the Pochhammer symbol defined by (Rainville, 1971, Eq.(1), p.22; Eq.(3),
p.23)

(M)nzr(#(:)n):{{[T:l(u—i_r_l% Zil(\)l p#0,-1,-2,....

(d) For r=p=1and 1 =1,k = 1 equation (10) reduces to the generalization of Prabhakar
function given by Shukla and Prajapati (Shukla and Prajapati, 2007, Eq. (1.4), p.798) and
defined as

e}

Elyt) =) F(“” (14)

'7
“— I'(an + p)n!

where min {R(a),R(p), R(x)} > 0, a,p,p,v € C, (1) = F(#(Z”)”) is the generalized

Pochhammer symbol, which in particular reduces to (p),n = v*" [[;_; (“+i_1) if veN.
n

v

(e) For r = p =1 and k; = 1 equation (10) reduces to the generalization given by Khan and
Ahmed (Khan and Ahmed, 2013, Eq. (1.7), p.2) as

187 _ = (1)vnt"
P = 2 Fan-+ (B (19

where min {R(a), R(p), R(B), (1)} > 0 and v € (0,1) UN.

(f) For r = p = 2 equation (10) reduces to the further generalization given by Khan and Ahmed
(Khan and Ahmed, 2013, Eq. (1.9), p.2), defined by

o0

) Dl R (t) _ Z (Nl)V1n(N2)Vzntn (16)
a,p;B1,61;B2,K2 = I'(an + p) (51)mn(52)m2n7

where «, p, i1, v1, 12, 81, k1, B2 € C, min {R(ar), R(p), R(p1), R(v1), R(pe), R(B1), R(k1), R(B2)}
>0, v9,ko > 0, §R(oz) + K9 > 1o,

In this paper, we present contour plots of particular cases of m-parameter Mittag-Leffler
function which will be useful in future to define a numerical algorithm to discuss the behaviour
of m-parameter Mittag-Leffler function. Also, as an application of m-parameter Mittag-Leffler
function we will generalize the standard kinetic equation to a fractional kinetic equation using
m-parameter Mittag-Leffler function and use Natural transform to find the solution of this
fractional kinetic equation.

2 Contour Lines

In this section, we take some particular cases of m-parameter Mittag-Leffler function and rep-
resent its contour plots graphically. Also, we will discuss the analyticity of those functions.

Let us denote the contour plot of real and imaginary part of E((X” p"z)é ), (t).

1. Contour Plot for real part of E;“;Zg )y (t) is

R o, (0) = {t € CRIELL ()] = v). (17)
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2. Contour Plot for imaginary part of Eé” tﬁg ), (t) is

SO, (V) = 1€ CSIBG ) (10] =0}, (18)

Fixing r = p =4 (i.e., m = 10) in the m-parameter Mittag-Leffler function (10) we have

o

K1 ,V1 142,12, 43,V3 5 Ld V4 ( ) _ Z (Ml)um(NZ)Vzn(ﬂfi)Vzan(N4)V4n n (19)
a,p,B1,61,82,K2,03,63,04,K4 I‘(cm + P)(ﬁl)mn(52)n2n(ﬁ3)53n(54)n4n

We now give particular values to the parameters and discuss the contour plot and the ana-
lyticity of the function.

Table 1: Contour plots and Analyticity of m-parameter Mittag-Leffler function.

Particular values
Parameters Case 1 Case 2 Case 3
1

(6%

p
b1
K1
B2
K2
B3
K3
B4
K4
M1
141
M2
V2
H3
V3

M4
V4

NG T R G VTG T GG VN G G T O G T G O VR G W G

‘HH.—!»—!H)—!H.—!H.—!H.—I»—A.—!»—!H)—!HO
M e i e e e R

T

-
|
—

e

Function
Analyticity | Simple pole at ¢t =1 | Entire | Pole at t = 0, zeros at t = 2km, k € Z

—
|
o~
®
o~

134



CHANDOLA et al.: ON SOME PROPERTIES AND APPLICATIONS OF THE GENERALIZED...

Im¢

Case 1.
4 H
.
5l | ORel <1
Re[-+-]>1
@ | 2 e
N~ []0=< Re[ﬁ]s 1
=27 i [1-1<Re[-1]<0
1-¢t
—4|
-4 -2 0 2 4
-4 -2 0 2 4
Ret
(a) Contour Plot. (b) Complex Region Plot.

Observation

1.

L RALLLLLLLL
. The contour lines *Cy’1'1’1'11'11

The contour line %Cé”% 11 % 11 % 11 ’
the right half planes.

. The white disc on the left of the line R(¢) = 1 represents {t € C : %[Eé:%;ll’%:lli’%’llym(t)] >

1}.
The white disc on the right of the line R(¢) = 1 represents {t € C : 3?[17]01111 11%11 %1111(t)] <
-1}

The contour lines QRC(l)

left.

the right.
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Im¢

.
21 | O Im[1-:]< 1

[ Im[-]>1
1-¢

[lo<Im[1]=1
1-¢

-2 i [-1< Im[ﬁ]s 0

-4}

-4 -2 0 2 4

-4 -2 0 2 4
Ret

(a) Contour Plot. (b) Complex Region Plot.

. 1,1,1,1,1,1,1,1
Figure 2: %[Eo,l,l,l,l 1,1,1,1 1D =S (L)

5Ly 5Ly

Observation

1.

The contour line 36(1)11%111111111111(0) is the horizontal line () = 0, separating the upper
and the lower half planes.

The white disc above the line J(¢) = 0 represents {t € C : %[Eé,ll%,ll,ill,%ll,ll(t)] > 1}
The white disc below the line & (¢) = 0 represents {t € C : S[Eéllillillllll“(t)] < —1}.
The contour lines gCé 11’%’11’%’1111’1111(1) is the boundary of the circle of the white disc on the

upper half plane.

The contour lines s(2’311111111%11%11(—1) is the boundary of the circle of the white disc on
the lower half plane.

zerosand polesof the function

/2

Imz

—-n/2

a. Complex Plot.

Rez

B . 1,1,1,1,1,1,1,1 _ 1
Figure 3: Zeros and Poles of [EO,l,l,l 111 ==
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Observation

The function Eé%llillillill(t) is not entire, but it can be analytically continued to all of
C\ {1} and has a simple pole at ¢t = 1.

Case 2.
4 H
2 H
[ Re[e]<-1
£ 0 [ Re[e’]>1
[10<Re[ef]=1
, [1-1<Re[ef]<0
4
-4 -2 0 2 4
-4 -2 0 2 4
Ret
(a) Contour Plot. (b) Complex Region Plot.

. 1,1,1,1,1,1,1,1
Figure 4: R[E 11111100 (10)] = R (eh).

* \*
\g [ Im[ef]<-1
£ 0 [ Im[e’]>1
/-af [ 0= Im[e*]= 1
) [ -1=Im[e]=0
—4 H : H
-4 -2 0 2 4
—4 -2 0 2 4
Ret
(a) Contour Plot. (b) Complex Region Plot.

. 1,1,1,1,1,1,1,1
Figure 5: S[E; 1010 (1)] = S ().
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zerosand polesof the function

]
| o
91
/2
£
E i 0
|
—-n/2
0.011
0 -

a. Complex Plot.

. ) 1,1,1,1,1,1,1,1 ot
Figure 6: Zeros and Poles of [Ey171)117111.1(8)] = €'

Observation
For case 2, that is when o changes from 0 to 1, there is a drastic change in the contour plot of
the function. The function is entire and wedge is the right half plane with lobes running parallel
to the real axis.

Case 3.
15 = 15
of 10! q b [] Re[ 1t <—1
t
laot
50 q O Re[—l':e 1>1
< t
: 0 ] 0<Re[1t]<1
5 ( '
5t =3 t
i [ -1=Re[Z#]< 0
-10 —-10 H
-15 _ -15
-15 -10 -5 0 5 10 15
-15 -10 -5 0 5 10 15
Ret
(a) Contour Plot (b) Complex Region Plot

. 1,1,1,1,1,1,1,1 —14et
Figure 7: R[E 511 7111.(1)] =R (%)
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15
t
10} [ Im[ =1 ]<~1
t
t
51 i O Im[‘l%]>1
s t
F 0 [10=< Im[‘l’;‘f =1
-5 gt
[-1= Im[Lt"]s 0
_10 H
-15
-15 -10 -5 0 5 10 15
-15 =10 -5 0 5 10 15
Ret
(a) Contour Plot. (b) Complex Region Plot.

1,1,1,1,1 o —1ret
IRERRRRIVIE) (—t .

L] 3

zeros and polesof the function

o] T
51x10% -
/2
E 0
-n/2
0.058
0 -
-15 -10 -5 0 5 10 15
a. Complex Plot.
Ret
Figure 9: Zeros and Poles of [Eizlllllllillill(t)] = #
Observation
For case 3, keeping a@ = 1, we change p from 1 to 2. We observe that the fingers extend more
and more towards the left half plane. Also, the function E112111%1111111111(t) has poles at t = 0

and zeros at t = 2kwi, k € Z.

Hence, the particular cases considered shows that the function changes its analyticity based
on the values of parameters. Similarly by taking different values of m and particular values
of the parameters, we can study the contour plots and discuss about the analyticity of various
functions.

The complex and the contour plots of m-parameter Mittag-Leffler function will be useful in
developing a numerical algorithm based on various factors such as integral representations, expo-
nential asymptotics among various others to evaluate m-parameter Mittag-Lefller function, study
its behaviour as holomorphic function and its dependence upon the parameters o, p, 8;, K, (i
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and y; fori=1,...,7 7=1,....,p

3 Generalized Fractional Kinetic Equation

Here, we investigate the solutions of generalized fractional kinetic equations involving m-parameter
Mittag-Lefler function. The solutions are obtained in terms of Wiman function and m-parameter
Mittag-Leffler function using Natural transform.

Theorem 1. Let (p, ), = [p1,v15 2, Vo5 - . 5 iy v, (By K)p = [B1, K13 Bas K25+ By ipl, 74+p =
m — 2, m is any positive integer. If p;, v;, o, p, B, k5 € C, with min R{av, p, s, v4, Bj, 65} > 0 for
i=1,..,m5=1,...,p, ¢ >0 and & > 0, then the solution of the equation

M(r) = MELE  (7) = —¢5oD; *Mm(r) (20)
s given by
M(r) = MBS (1) Benia (=g 79T (n + 1). (21)

Proof. Re-arranging the equation (20), we have

unﬂ2un--(ﬂr)l/n _
=M L 2 M — 0D EM(7). 22
0 Z F an + /0 51)5171 (6p)npn 0 ( ) ( )

The Natural transform of Riemann-Liouville integral operator is:
N[oD;%g(r); s,u] = uts™*G(s,u), (23)

where G(s,u) is the Natural transform of g(7).
Applying Natural transforms on both sides of equation (22), we get

N[(7); s, ul

e > Jorn(12)van - - - (B )von n+l._n '3 —£
- u o dr —qN[(]@T gﬁ(T;S,u}
( 0 nz;) F om + ,0 ﬁl)nln (Bp)ﬁpn ) )

o

_ (1) in(B2)ven - - - (B )vym e o+l £ E =€
= PHls,u) =D @0 F(an+p)(ﬁ1)mn---(ﬁp)npn/o e ‘“) s, u)

— M(s, u) [1 + qgugsfg} My :ul mn(2)von - - (r)ven T'(n i—ll)unJrl
an + /0 ﬁl)mn (ﬁp)npn sn

[e.9]

l
) — () (B2)von - rdoen 1) ) &
= M(s,u) %;)F(anw)(ﬂl)m...(Bp)m,,nr( 4 1)s~(Dgnt Z[ ( > ] :

(24)
Taking the inverse Natural transform of the above equation (24) and using N1 [(5)_5 ; T] =
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N7 (s, )]
=M i (1) van(H2)von - - - (,ur)urn i l gl YA+ = (n+El+1)
n=0 F(om + p)(ﬁl)nln T (ﬁp)f{pn =0
— S (1) vin(B2)van - - - (B )vym S l £li
= M(7) —mongof(om—l—p)(ﬁﬂmn...(ﬁp)npn lzg L(n+ &l +1)
— = (Nl)uln(lJQ)yzn s (/"LT)VTn > qT)gl
> m(T)_mozF(an"i_p)(ﬁl)lﬂn---(ﬂp)ﬁpn n—|—1 ; m

= M(r) = MBYE (1) B nar (—g575)T(n + 1),

Hence we get our desired result (21).

Theorem 2. If p;, v, o, p, B, k5 € C, with min®{«, p, ps,v4, B, 5} > 0 fori =1,...,1r;j =
1,...,p, ¢ >0 and & > 0, then the solution of the equation

M(r) — MELE  (g7%) = —¢SoDM(7) (25)
18 given by
M(r) = MBS (0°7) B gnr (—¢* 750 (En + 1), (26)
Proof. Re-arranging the equation (25), we have
- (Nl)l/m(/u)mn s (Mr)u'n &n_¢ ¢ ¢
M(7) =My ST — D SIN(T). 27
) ,;) L(an +p)(B1)kin - -- (Bp)f-ipn (7) (27)

Applying Natural transforms on both sides of equation (27), we get
N[OR(T); s, ul

* 5T . (1) van(B2)van - - - (Hr)vpm &n, &nt1_¢&n I3 —¢
=My / ¢ "u 7T —qN{O”DTimT;s,u}
( 0 -0 F an + p Bl)mn (ﬁp)mpn ( )

= 3 (1) v (B2)van - - (fr)vyn &n, En+1 R &n _ s ¢
=My (7;] C(an + p)(B1)wkyn - - - (Bp)lipnq u /0 e Trtdr ¢Euls M (s, v)

- - (1) van(B2)von - - - (Hr)von WLEn+1) ¢
= M(s,u) [1 + qgués 5] =My Z;) P(a;z n P)(Qﬁl)mn — (/Bp)ﬁpn qg g€+l M

o0

s ) = (,ul)uln(MQ)ugn ce (/Lr)urn n En, &ntl = (én+1) = -
= M) mogr(an+P)(61)N1n‘-'(ﬁp)npnr(g 1 ; [ ( )

o
| IS
o~

(28)
Taking the inverse Natural transform of the above equation (28). Using N~! [(i) ¢ ; Ti| = f(;)l ,
R(€) > 0 and simplifying as in Theorem 1 we get
M(r) = MeBL % (07 B enya (—g 70 (€n + 1),
Hence we get our desired result (26).
O
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Theorem 3. If p;,vi, o, p, B, k; € C, with minR{«, p, ps,v4, B, 5} > 0 fori =1,...,1r;j =
1,...,p, >0 and £ >0 and ¢ > 0, then the solution of the equation

M(7) = MBS0 ) (676) = — 050D “M(7) (29)
s given by
M(r) = MBS (657) B gnar (—p575)T(En + 1) (30)

Proof. Re-arranging the equation (29), we have

) = = (Ml)vln(:u2)112n cee (,Ur)urn gnTgn € oyt -
) = %; T(an + ) (B)wen - Bp)mpr oD (7). (31)

Applying Natural transforms on both sides of equation (31), we get

NN(T); s, ul

= R N (’ul)ym(uﬂl’?”"'(:u?")wn &n, En+l_En _ A8 —£ .
- </o SN et RS B e ]

o ()uan(p2)van - - () vyn en, Entl /OO —sT, & €, & —¢
=M g g us" e T | — oSutsT M (s, u
‘ (nO F(an + p) (Bl)nln v (Bp)/ipn 0 ( )

_ ,ul vin H2 vom - - - (,ur)r/rn F(fn + 1) Ent1
= M(s,u [1—1— Subs 5} Mo " us"
( ) ¥ om + p Bl)/@ln (Bp)lipn S{n-i—l

o0

— M(s,u) = My Z P(Nl)mn(M?)Vzn o () T(¢n + 1)q§nu§n+1 (En+1) Z [ < ) ] '
=0

n—0 (an + P)(ﬁl)mn s (ﬁp)fipn

(32)
Taking the inverse Natural transform of the above equation (32). Using N ! [(i) ¢ ; Ti| = TFE(S ,
R(€) > 0 and simplifying as in Theorem 1 we get
M(r) = DJTOngp’;'Zg“,R)p(qSTé)E&gnH(—cprg)F(En +1).
Hence we get our desired result (30).
O

3.1 Special cases.

If r=p=0and p =1, Theorem 1 gives the fractional kinetic equation for Gosta Mittag-LefHler
function (11):

Corollary 1. If a >0, ¢ > 0 and £ > 0, then the solution of the equation
M(7) — Mo Ea(r) = %D, *M(7) (33)

s given by
M(7) = Mo Eo (1) Be 1 (—¢578)T(n + 1). (34)
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If r = p = 0, Theorem 1 gives the fractional kinetic equation for Wiman function (12) :

Corollary 2. If a,p € C,R(a) > 0,R(p) >0, ¢ > 0 and £ > 0, then the solution of the equation
M(7) = Mo Eap(7) = —4*0D; *M(7) (35)

s given by
M(7) = Mo Eop(T) B ny1(—¢*8)T(n + 1). (36)

Ifr=p=1andv, =1,8 =1,k =1, Theorem 1 gives the fractional kinetic equation for
Prabhakar function (13) :

Corollary 3. If R(a) > 0,R(p) > 0,0 >0, ¢ > 0 and £ > 0, then the solution of the equation
M(7) = MEY (1) = —¢°0D; *M(7) (37)

s given by
M(7) = MoEL ,(7) Ee i1 (—a*75)T(n + 1). (38)

Ifr=p=1and 51 = 1,k1 = 1, Theorem 1 gives the fractional kinetic equation for the
generalization of Prabhakar function given by Shukla and Prajapati (14):

Corollary 4. If min {R(a),R(p),R(n)} >0, o, p,u,v € C, ¢ > 0 and £ > 0, then the solution
of the equation

M(r) — MELY (1) = —¢° 0D M(7) (39)

s given by
M(r) = Z)JTOEZZZ(T)E&,]H(—quE)F(n +1). (40)

Ifr =p=1and k1 = 1, Theorem 1 gives the fractional kinetic equation for the generalization
given by Khan and Ahmed (15) :

Corollary 5. If min {R(a), R(p), R(B),R(p)} > 0, v € (0,1)UN, g > 0 and & > 0, then the
solution of the equation
M(r) — MoEY 5(7) = —¢* D7 M(7) (41)

s given by
M(7) = MEL™ 5(7) Eenr1(—g*75)T(n + 1). (42)

If r = p = 2, Theorem 1 gives the fractional kinetic equation for the further generalization
given by Khan and Ahmed (16):

Corollary 6. If a,p, p1,v1, 12, 81, k1, B2 € C, va, ke > 0, R(a) + ko > 119
min {R(a), R(p), R(u1), R ), Rji2), R(1), R(s1), R(B2)} > 0, ¢ > 0 and € > 0, then the solu-
tion of the equation

M(r) — MELL 222 (1) = —%0 DM (7) (43)

a,p,f1,K1,082,k2
s given by
M(r) = MoBLL A% (1) Bemia (—a 7T (n + 1), (44)
Remark 1. By taking suitable conditions and particular values of the parameters in Theorems 2
and 3 , we can reduce the generalized fractional kinetic equations involving m-parameter Mittag-
Leffler function to fractional kinetic equations involving various types of Mittag-Leffler functions
m a stmilar way as the above corollaries.
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4 Conclusion

In this article we have simulated the complex and contour plots of some particular cases of
m-parameter Mittag-Leffler function using MATHEMATICA-12. Several other plots can be
obtained and discussed on changing the values of the parameters. This will help in developing a
numerical algorithm which will be used to evaluate the m-parameter Mittag-Leffler function. The
algorithm will also help in studying its behaviour as holomorphic function and its dependence
upon the parameters a, p, 3;, kj, t; and v; for i = 1,...,r; j = 1,...,p. We have also introduced
a new fractional generalization of the standard kinetic equation involving m-parameter Mittag-
LefHler function and derived the solutions for the same. Under some special conditions, we
have reduced the generalized fractional kinetic equation involving m-parameter Mittag-Leffler
function to fractional kinetic equation involving Mittag-Lefller, Wiman, Prabhakar function and
various other forms of Mittag-Leffler function. The results that we have obtained is general in
nature. We can find several new and known solutions of fractional kinetic equations involving
some other function.
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