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ON THE GENERATING FUNCTIONS OF THE NEWLY DEFINED
GENERALIZED HYPERGEOMETRIC FUNCTIONS

E. ATA™, 1. O. KIYMAZ!, §

ABSTRACT. In this paper, we have defined new generalizations of some hypergeometric
functions and fractional operators with the help of Fox-Wright function. Then, using
each of the generalized fractional operators, we derived linear and bilinear generating
function relations for these functions. Finally, we have shown that the newly defined
hypergeometric functions and fractional operators can be reduced to functions and op-
erators presented in many studies in the literature by giving special values for their
parameters.
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1. INTRODUCTION

In many studies conducted in recent years, it has been observed that researchers have de-
fined new hypergeometric functions and fractional operators using various generalizations
of the beta function [1, 2, 7, 8, 9, 12, 13, 19, 22, 23, 24, 28, 29]. However, in some publi-
cations it can be seen that generalized fractional operators are used to obtain generating
function relations of generalized hypergeometric functions [3, 4, 5, 10, 16, 17, 20, 21, 27].
In these studies, a single generalized fractional operator was used to obtain the generating
function relations of the defined generalized hypergeomeric functions. In 2018, Cetinkaya
et al. [11] defined generalized hypergeometric functions in a different way and were able
to obtain generating function relations using several generalized fractional operators.

Our motivation is to define new generalized hypergeometric functions which are more
general in a similar way to Cetinkaya et al. and to obtain the generating function relations
using various fractional operators. In particular, we have defined generalized Gauss F,
Appell Fy, Appell Fs, Lauricella F 1% hypergeometric functions and generalized Riemann-
Liouville fractional derivative and integral, Caputo fractional derivative and Kober-Erdelyi
fractional integral operators using a beta function defined in [7].
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2. PRELIMINARIES

The definitions of some special functions needed in this paper are given below.
Gamma function [26]:

re¢) = /000 A exp(—A)dA,  (R(€) > 0).

Pochhammer symbol [26]:

I'(A+n)
Mn = —o 1 (N£0,-1,-2,...).
Gauss hypergeometric function [26]:
F(wy, w2; ws; p) Z ', (Jul < 1).
n=0 '

Appell F} hypergeometric function [26]:

i (W1)nm(w2)n(wz)m &" ﬂ

Fy(wi, we,ws;wa; &,m) = (w4)nt nlm!’
nm I'm!

n,m=0

(max {[¢], [n[} < 1).
Appell Fy hypergeometric function [26]:

Fy (w1, w2, ws; wa, ws; €,n) = n;O 1 (;4)71(515)171 : nl m!’
(11 + Inl < 1).

Lauricella 3 hypergeometric function [26]:

(W5) nt-mtr n!m! r!’

f: (W1) ntmar (W2)n (W3) o (wa)r ™ p”

3
FD(w17 w2, W3, W4; Ws; 57 mn, M) =
n,m,r=0

(max {lel, Inl. |ul} < 1).

o] f e s (st

(éR(é) > 0,R(¢) > 0,R(n) > 0).
Note that by choosing u = 0 and v =1 in (1), it is reduced to the ¥-beta function in [8].
Fox-Wright function [18]:

«¥y-beta function [7]:

YBs(&,m) = WB&[((

F(Ain+ B;) p

(B;, Ai)1
} ZH Cn+D)n!’

wVolp) =Wy [<ch

where p, B;,D; € C and 4;,C; e R (i=1,...,u;j =1,...,v). Fox-Wright (or, general
Wright) function was investigated by Fox ([14, 15]) and Wright ([30, 31, 32]), who presented
its asymptotic expansion for large values of the argument p under the condition

ch — ZAZ > —1.
j=1 i=1
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Remark 2.1. In particular, the function ,V,(u) is immediately reduced to the generalized
hypergeometric function F,(p) when A; = C; = 1, and multiplied by %.

Also, the definitions of classical fractional operators are as follows.
Riemann-Liouville fractional integral [18]:

1

3
< = — — Ak € .
158)(0) = 5 [ (€= A1 'w(A)aA, (R(e) >0) &)

Riemann-Liouville fractional derivative [18]:

1 d\™ [¢
[Dgr](€) = Tm—o <d§> /a (€ —A)"1k(A)dA, (3)
(R(e) >0,m —1 < R(e) <m,m e N).
Caputo fractional derivative [18]:

1

3
[“Dar] (§) = T =) / (€ — Ay M (A)dA, (4)

(R(e) > 0,m — 1 < R(e) < m,m € N).

Kober-Erdelyi fractional integral [18]:

peoletn) €
i H](g):fm)*" [ ammee - anyaaaa, (5)

a;o-777

(R(e) > 0,0 > 0,n € C).

3. NEw GENERALIZED HYPERGEOMETRIC FUNCTIONS AND FRACTIONAL OPERATORS

We will begin by giving definitions of the new generalized hypergeometric functions.

Definition 3.1. Let x1 and x2 be arbitrary parameters and |u| < 1. The new generalized
Gauss hypergeometric function is defined as:

(Bi, Ai)1u

v N
Fs(wr, wo; w3 ps X1, X2) = Fa[ W1, W2 W3; f45 X1, X2
( 145 X1, X2) (D;.C)1s 15 X1, X

,: i (w1)n(w2)n WB&(U& — X1+ n,ws — w2+ x2) ﬁﬁ
' (w3)n B(wy — x1 +n,ws —wa + x2) n!’

n=0

Definition 3.2. Let x1 and x2 be arbitrary parameters and |[§| < 1, |n| < 1. The new
generalized Appell Fy hypergeometric function is defined as:

v v (Bi, Ai)1u
F 5 (W1, W2, W35 W45 G, 15 ) ="F 1 |: ’
1,6 (w1, wa, w35 wa; €, M5 X1, X2) L9 (Dy, C))1a

wi, w2, w3; wa; &, 13 X1, X2

_ i (W1t (W2)n (W3)m Bs(w1 — x1 4+ 1+ m, ws — w1 + x2) &am
(Wa)n+m B(wi —x1 +n+m,ws —wy + x2) n!m!

n,m=0
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Definition 3.3. Let x1 and x2 be arbitrary parameters and || + |n| < 1. The new
generalized Appell Fy hypergeometric function is defined as:

(Bi, Ai)iu

YEy 5(wr, wa, ws; wa, ws; €15 X1, X2) = “Fas [(D- C')1’ W1, W, W3; Wi, Ws; §, 175 X1, X2
20 v

_ Z (W1)ngm(w2)n (W3 )m B&(wz — X1+ n,ws — w2+ x2)
(w4)n (w5 )m B(ws — x1 + n,ws — w2 + X2)

n,m=0

VBs(ws — x1 + m, w5 — wg + x2) & g™
B(ws — x1 + m,ws — w3 + x2) n!m!’

Definition 3.4. Let x1 and x2 be arbitrary parameters and || < 1,|n| < 1,|u| < 1. The
new generalized Lauricella Fl?’) hypergeometric function is defined as:

(Bi, Ai)1u

U3 . . . _ U3 ) . . .
FD,(S(wlaw27w3aw4aw57£a77a,u7 Xl,XZ)— FD,(S (D C. wlaw27w3aw47w57€anaua X1, X2
7 j)ll}

B Z (W1 nmr (W2)5 (W3)m (W4)y YBs (w1 —x1 +n+m+7, ws —w; +X2) £ ™
(W5) nmr B(wy—x1+n+m+r,ws—wi+x2) n!m!rl

n,m,r=0

Remark 3.1. If we choose 6 = u = v = 0 in Definition 3.1-3.4, we get the classical hyper-
geometric functions F, F1, F» and FE’,, respectively. Let us also state that the convergence
regions of YF3, lI’FL(;, \I’F275 and ‘I’Fg 5 are same as the classical ones.

Let us now give the definitions of the new generalized fractional operators.

Definition 3.5. The new Riemann-Liouville fractional integral for R(e) > 0 is defined as:

v ) = | (e [t
)
_ 11(16)/0M(M_A)61 s (A(/ffA)) k(A)dA. (6)

Definition 3.6. The new Riemann-Liouville fractional derivative for m —1 < R(e) < m,
m € N is defined as:
o)

- 1 ﬂ a _ m—e—1 _5M2 K
ST A ) EOL G

Definition 3.7. The new Caputo fractional derivative for m —1 < R(e) < m,m € N is
defined as:
)]

L 1 K - m—e—1 _6/1’2 H(m)
=g [ = A (s ) s

Definition 3.8. The new Kober-Erdelyi fractional integral for R(e) > 0 and v € C is
defined as:
<u>]

\IIIZ(ZE(S [’Q(,u)] \I/I’Y,E,(S |: (Blv Ai)l,u
e 2
7/ A7( = A <A(ff A)> K(A)dA. (9)

€,0 €,0 (BiyAi)l,u
\I]DRL [H(/“L)] = \I}DRL [(Dj, Cj)1 v

5 6 | (Bis Ai)1u
D [w0)] = "0 [((Dij))lly

KE (Dj,C')
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Remark 3.2. If we choose § = u = v = 0 in Definition 3.5-3.8, we get the classical
fractional operators (2), (3), (4) and (5).

For the sake of shortness, we use the notations F, Fy, I}, FD, I}%L, lA)fi,L, ﬁé and fgﬂg

instead of YF5, YFy 5, YFy 5, YF3 ‘I’Iéi, ‘I’D}%}j, ‘I’DE‘S and ‘I’IA” ' respectively.

4. GENERALIZED FRACTIONAL DERIVATIVE AND INTEGRALS OF SOME FUNCTIONS

In this section we will compute the generalized fractional derivatives and integrals of
some functions and use them to obtain the generating function relations of the generalized
hypergeometric functions in the following topics. In some of the following theorems, only
the equations for the generalized Caputo fractional derivative have been given and proved.
Other equations given as corollaries can be proved in a similar way. However, proofs of
similar equations in the literature can also be examined (see, e.g. [3, 4, 5, 10, 16, 17, 19,
20, 21, 27]).

Theorem 4.1. The following equations holds true:

T(Ay+1) YBs(Ar+1€) 4 .

fe Al — , 10
e [1] T(Ai+1+e) B(A+1,6 " (10)
. LA +1) "Bs(Ai+1m—e) ,
D€ A1 — ) 1—€
feu [17] TAi+1—¢) B(A\+1L,m—¢ '
(A +1) YBs(Ay—m+1,m—
Do) = s B
I'Ai+1—¢) B(Ay—m+1,m—e¢)
Fe ] = T(AL+7+1) "Bs(Ai+y+16) 4,
KE FAy+v+1+4+¢€) BAi+v+1¢) '
Proof. For R(e) > 0 and R(A1) > —1, with direct calculations, we have
—5,u2 >
If 2 ( dA
fr Alp—A)
A1 +1) "Bs(Ai+1,6) x4e
IF'(A1+1+¢€) B(A1+1,¢) '
Also, taking k() = p™ in equations (7), (8) and (9), we have
o for m —1 < R(e) <m and R(A1) > —1,
A dam A
€ Al m—e[, A1
Drp, [N ] = dpm (IRL [,u })a (11)
o for m —1 < R(e) <m and R(A;) >m —1,
~ F(Al + 1) Sy — A—
De A1 — jm—e 1—m 12
C[M ] F(Al—m+1)RL [,u ]’ ( )
e for N(e) > 0 and R(A; +7v) > —1,
Il ) = = gy (M (13)

As a result, the proofs of the other cases (11), (12) and (13) are completed by considering
the equation (10). O
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Theorem 4.2. The analytical function k(p) = > - w™u"™ provides the following equa-
tions for |u| <r:

Iy, [R(w)] = HZ_Ow“IﬁL (1],
Diy [r(p)] = nij;)wanzL ("],
%MM=§W%WL
Rl = >

Proof. The desired results are obtained by using the analytical function x(u) in equations

(6), (7), (8) and (9). .
Theorem 4.3. Form — 1 < R(A1 —€) <m < R(A1) and |wu| < 1 holds true:
. T'(A .
DA M (1 — wp) M) = IE( 1)>“6_1F(A2,A1;6; WH; X, X)- (14)
€

Proof. The power series expansion [6] is as follows:

(1= )™ = S8, B

n=0

o (Jwp| < 1). (15)

Considering the power series and making the necessary calculations, we have

DA ™ML — wp) ]

X (&w {aMT(1 - wA)—Az}) dA

_T(Ay)

e—1 1
F(Ao, Av; 6w . ]
F(G) w ( 2 17€7wlu”X7X)

Corollary 4.1. Similarly, for other generalized fractional operators, the following results
are obtained as:

~—(A1—e - — (A4 e—1¢
A9 [ (] e — F((e)) BV (g, A € wp10,0),
- _ _ (A1) 42
Dt~ [pM (1 —wp) ™) = F((e))u LE(Ag, Av; € wps; 0, X),
Py A — - - T(A1 +7) g
I%Al € A1—1 1— Ao _ A1 1FA A “9A . . .
KE [,u ( "LU,U/) ] 4P(2A1+’}/—6)N ( 29 1+77 1+'7 G,U),U,,0,0)
Theorem 4.4. For |wu| <1, |rp| <1, and m —1 < R(A; —€) <m < R(A1) holds true:
DA1—€ A1—1 _ —A2 _ —A3 _ F(Al) e—lﬁ A A A" . . 1
o [,LL (]. w,u) (]. T[L) ] = 1% l( 1, 432, A3 €W, T3 X, X) ( 6)

I'(e)
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Proof. Considering the power series (15) and making the necessary calculations, we have

DA ™ML — wp) T2 (1 — ) ]

x < ar {AMTHL —wA) (1 - rA)_A3}> dA

dA™
I'(A -
— ;(63)#6_1F1(A1,A2,A3;6; WhL T X X)- H

Corollary 4.2. Similarly, for other generalized fractional operators, the following results
are obtained as:

N _ _ _ (A1) -
IRL(A1 ) [zAl L1 —wp) A2(1 —ru) Aﬂ = IE(E;)M YRV (A1, Ao, As; e, wp, 71250, 0),
_DAl—G[ Alfl(l o —Asg 1 o —A37l __ F(Al) Eflﬁw A A A .. 0
RL K ’U),U,) ( T:u) ]_ F(E) 1% 1( 1, 432, A3 WL, T U3 aX)’
N _ B _ (A + _
B T () ()] = o) s

X Fl (Al +, A27 A3a 2A1 Y- wh, TY; 07 O)

Theorem 4.5. For |wp| < 1, |rul <1, [tp] <1 and m—1 < R(A1 —€) < m < R(Ay)
holds true:
DA (™ML = wp) T2 (1 — ) T (1 — ) ™M)
_ I'(Ay)
I'(e)

Proof. Considering the power series (15) and making the necessary calculations, we have

P ER (A, Aoy Mg, A e wp s tps x, x). - (17)

DA M L = wp) TR (L =) (1 - )TN

1 " m—NA1T€— _6M2
“ e, e ()
(g 1M = )21 = r2) - 18) ) )
_ '(Ay)
['(e)

Corollary 4.3. Similarly, for other generalized fractional operators, the following results
are obtained as:

pES (Ay, Mg, Az, Ay € wia, 7, tss X X)- O

[ (A1—e - - —A _ (A
IR[(/Al ) [,U,Al 1(1 - ’LU,U,) Az(l _ 7"#) A3(1 tﬂ) A4] Ig(ei) 1
X PA%(ALM, Az, Ay e;wp, rp, tp; 0,0),
A= [, A - A _ T(A1)
Dz%i [MAI M1 = wp) T2 (1= rp) (1 - tp) A4] 15(63) 1

x F3 (A1, A2y Az, Ags € wie, 7, 5.0, X),
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A B B B _ (A1 +7) -
L e G D B G e R 0 Vv
x F3 (A1 + 7, Ao, Az, Ag; 201 + v — e;wp, 7, t; 0, 0).

Theorem 4.6. For (| + |wpu| <1 and m —1 < R(A1 —€) <m < R(A1) holds true:

AA1—€ A1—1 _ —A2 [ . . { . _ F(Al) e—1
DC |:M (]' U}M) F<A2,A37A4a 1-’[U,LL7X’X>:| - F(E) 12

x Fy(Ag, Az, Ar; Ay, €€ wp; X, X)- (18)

Proof. Considering the power series (15) and making the necessary calculations, we have

ﬁé\l—e |:MA1_1(1 _ MM)_AZF (AQ,Ag; Ay; 1—510,“; X5 X>:|

S (€1 g
=3 g, A (55 )

n=0

\IJB%(A:; +n—x,As — Az +x) ( dm {AAl—l(l _ wA)—(Az-l—n)}) dA

B(As+n—x,As— Az +x) \dA™
I'(A -
= IS(EE)MG_IFQ(A%A?MAHA47€;£7WM;X7X)' -

Corollary 4.4. Similarly, for other generalized fractional operators, the following results
are obtained as:
F(Al) e—1

x Fy(Ag, Az, Ar; Ay, €€, wp;0,0),

A I Ao f T(Ay)
Dy}, [MAI ML —wp) M F <A2,A3;A4;1_§UW;O,><>} = 1“((61))“ 1

x Fy(Ag, As, Ay; Ay, € € wps; 0, ),

A'Y,AI*G A—1 _ —As [ . . g _ F(Al + ’Y) A1—1
IKE |:/‘/“ (]' ’U}/I/) F<A27A37A4’ 1— ):| - F(2A1+"}/—E)

;0,0
wp
x Fy(Ag, Az, Ay + 5 Ay, 201+ — €&, wp; 0,0).

5. GENERATING FUNCTION RELATIONS

We should point out that we omit the proofs of the following corollaries, since the proofs
of similar theorems are contained in the articles [3, 4, 5, 10, 16, 17, 20, 21, 27] and in the
book [25] (Sects. 5.2 and 5.3).

Theorem 5.1. For |u|<min {1, |1 — A}, |A|<|1—p] and m—1<R(A; —€) <m <R(A1)
the following equality holds true:

oo A o A
3 ( Z') F(A2 +n, A6 s x, x)A" = (1— A) R F <A2’A1;6;1—HA;X’X>’ (19)

n=0

Proof. Let’s use the following equation given in [25]:

—Ag
R R A (Y (20)
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Considering the binomial series (15) in equation (20) we get

Sk —u-a (1o 25) T

n!

n=0

Multiplying the equation (21) by x*1~! and applying the ﬁé\l_G operator, we have

i <A2>nl§3176 [MAl_l(l _ Iu)—Az—n] A" — (1 _ A)—A2f)é\l*6 [/11\1—1 <1 — ,U,> _A2] .

1-A

Using equation (14), we obtain

3 (AQ')"F (Ao + 1, A6 5 x, X) A" = (1= A) T2 F <A2’A1;€; 1MA;X’X>' -
n: B
n=0

Corollary 5.1. Similarly, the following results are obtained as:

2 (AZ,)"FMQ + 1, M43 6 11;0,0)A" = (1 — A) ™M F <A2, Aze T 0,0>,

] A -
> ( n?,) F(Ag 4 n, A1 +7;2A1 + 7 — ¢ 1150,0) A"
n=0 '

=(1 —A)A2F<A2,A1 + v; 2A4 —i—’y—e;l_lLA;O,O),

00 A o .
> ( 3 F(Ag 4, Ars 6,0, X)A™ = (1= A) 2 F (Az,Al;E; 1MA§0,X)-
n=0 ’ N

Theorem 5.2. For [p|<min {1,
the following equality holds true:

A1}, A< |1—p7 and m—1<R(A1—€) <m < R(A1)

n!

- A n i — ~ —pA
Z( 2 F(Az —n, A& pix, ) A" = (1—A) 2 Fy <A17A2,A3;6§1MA7H;X=X)-

n=0

Proof. Let’s use the following equation also given in [25]:

_ AN\TP
(1= (1-wa)™ = -a)™ (1 " 1“A> ' (22)
Considering the binomial series (15) in equation (22) we have
. (Ag)n n ~ pA O\ TN
> (- may = - a (14 15) 23)

n=0
Multiplying the equation (23) by p*~1(1—p)~*3 and applying the lA?é\l*E operator, we

obtain

i (AQ)nﬁé’nfe [MAl_l(l _ M)n—A;;] A"

|
=0 n.
A\
pM T — ) <1 + “) ] :

—(1-A —AgbAle
( ) C 1—A
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Using equation (14) and equation (16), we get

> (A2 A
Z( 2 F(A3 —n, Ay e s x, X)A" = (1 - A) ™™ Ry <A1,A2,A3, € fA,uxx> O

|

= nl

Corollary 5.2. Similarly, the following results are obtained as:

A2)n
n!

A2)n
n!

Nk

. A
F(A3 —n,Al;E;M;0,0)An = (1_A) A2F1 <A17A27A37 € ﬂAvuaO O)a

n=0

F(A3 —n, Ay 49201 + 7 — € 11;0,0)A"

WE

n=0

. —uA
= (1 - A)_AQFl <A1 +77A27A3;2A1 +7-¢ 1_MAa/L?070>7

—

2 (Ag)p - A
5 2 (g — A0 A" = (1= )72 (A1, Ag s T2 0, ).

n=0

Theorem 5.3. For “;ul)ﬁ X ‘ + ‘ oA ‘ <1, m—1<R(A1—e)<m<R(Ay)
and m — 1<R(As — Ay) <m <R(A3) the following equality holds true:

—~

o) A " ) -
> :') (A +n, Avs €65 %, X) F(—n,Ag; Agyus x, X)A" = (1 — A)~H

n=0

—ul
XF2 <A27A17A3a6A47 MA 1 _ A,X X>

Proof. Substituting (1 — u)A for A in the equation (19), we obtain

> (AQ)”F(AQ +n, A 6 x, x) (1 —w)A)”

|
n:
n=0

—(1—-(1— —A2 p e H .
=(1-(1-uw)A) F<A2’A1’6’1—(1—U)A’X’X>'

Multiplying the above equation by u*3~1 and applying the ﬁé\r/\“ operator, we get

S B2 g o A0 0 DM w1 (1 — ] A7

|
n.
n=0

= _DCI}3—A4 |:uA31 (1 — (1 — U)A)_AQF(A27A1; €; 1_(1M_U)A;X,X):| .

Using equation (14) and equation (18), we have

(A
Z( 2)n F(Agy +n,Avs € 3%, X) F(=n, Ag; Ags us x, x)A™

|
n:
n=0

A
=(1-A)Mp <A2,A1,A3,6 Ay HA 1 uA7X7X>- O
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Corollary 5.3. Similarly, the following results are obtained as:

A
Z ( ;) F(Ay +n,Ap;e; 50,00 F(—n, As; Ag; u; 0,0)A™

n=0
—uA
— (1 _ A N2f
—(1 A) F2 <A2,A1,A3,6 A4,1_A 1—A 0 0>
2 (As
Z(n') (A2+n A+ 720 +v — € 14;0,0)F ( n,Ag + 0;2A3 + 6 — Ag;u;0,0)A"
n=0
:(1—A> A2F2 Ao Al—l—’y A3+ 6; 2A1+7—6 2A3 + 60 — Ay; H —ua ;0,0
’ ’ T-A1-A
o (A2),,
Z nl (A2+7’LA1,E/L,OX) ( 7’LA3,A4,UOX>A
n=0
—ul
_ _ Ao 17
=(1-A)""F <A2,A1,A3,€ A4, A A X)

Theorem 5.4. For |wu| < min{l,|1 —Al|}, |A] < |1 —wpul, |ru] < 1, |tu] < 1 and
m—1<RAL —e) <m <R(A1) the following equality holds true:

A
Z : i) Fp(A1, Mg +n, Ag,Aa; € wpa, mp, b x, x) A”

n=0

Al w
=(1-A)MF} (Al,Az,As,A4;e; 1_”A,w,tu;x,x>-

Proof. Using wu instead of p in (20) we have

(1 —wp) = A) ™™ =1 - ) <1 - 1“”2) o (24)
Considering the binomial series (15) in equation (24) we get
00 —A2
—wp) A2 A = (1 - A)A (1 - 1“_’“A> . (25)

Multiplying the equation (25) by p™~1(1 — ru)~3(1 — tu)~™ and applying the ﬁé\l_e
fractional operator, we obtain

— A n A1 —e — —Ao—n —As - n
Z(;,) Der = [ (1 = wp) M (L )M (L = )M A
n=0 ’

—Ay
= (1—A) Pl [uAl‘l <1 - ﬁ“A) (1—rp)™ (1 t@‘“] .

Using equation (17), we get

A
Z ( ;) FD(A1>A2+TL A3,A4,€ WH, T/L)t/ia X5 X )A
n=0 '

= (I_A)_AQF% <A17A2>A37A4;6;ﬁi?TM’tM;X?X)‘ U
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Corollary 5.4. Similarly, the following results are obtained as:

A
> By

n=0

EFP (A1, A2 +n, As, Ays € wp, rp, tp; 0,0) A"

= (1_A)7A2F13) <A17A27A37A4; €; ]%7T/’L7t,u;070>7

o0

n=0

= (1_A)_A2F§) <A1 +,Y7 A27 A37 A47 2A1 +7_€

0 A "
> )

n=0

(A1 +7,A2 + n, Az, Ag; 201 +y— e wp, mi, ta; 0,0) A™

wi
— ru, t; 0,0
’1_A7TILL7 ILL7 ) )7

F3 (A1, Aa+n, Ag, Ag; € wp, 7, i 0, x)A™

= (1-A)"F} (AlaAQ,A3,A4, € qu T, t; 0, X>

6. CONCLUSIONS

In this paper, we defined the new generahzed hypergeometrlc functions F Fl, Fg, FD
and new generalized fractional operators IEL, DRL, DC, I K’E by using the beta function

YBs (&,m). Then we calculated the fractional derivatives and integrals of some functions to
obtain the generating function relations. Finally, we determined the generating function
relations using generalized fractional operators. The generating function relations obtained

here are not likely to be found in the literature.

To the best of our knowledge, the functions and operators defined here have a more
general structure than most hypergeometric functions and fractional operators we have
studied in the literature. The relations between the functions defined here and the func-
tions in the literature can be summarized as follows.

Agarwal et al. [4]:

v | (A 1)1 o ~ I(4)
F§ |:(B 1)11 ‘w17w27w37,uaoﬂx- - F(B)
Al I'(A
TFy 5 [gB 1)1’1 ’w1,w2,w3;w4;£7n;0,x = FEB;
A1), 1 T4
\IJFQ,(S |:EB 1; ‘w17w27w37w4aw57£ 7770 X F(B)
A, 1 T4
QFE),(S[EB 1)1’1)101711127103,w4;w5;§»777H;0aX FEB;
Unes | (A, 1)1 ‘ F(A)
D7 )
Agarwal et al. [5]
v | (B, Ai)1o
Fy
[(DJ,C )1,0

(Bi,

Ai)io
(D]’C

P {
1,0

Fs.1.1(wr, wa; ws; 13 ),
Fi g1 (w1, wa, was was €15 %),
F2 5,171(w1> W2, W3; Wy, Ws; g? 5 X)

3 e .
Fp D.s; 1,1(w17 w2, w3, Wa; ws; &, 1, 15 X)a

m
d e m,0;1,1

i K(p)-

‘wlaw25 ws; W3 X, X:| = F5;1(w17w2; w3; U3 X)7

‘w1,w27w3,w47§ 75X X} = F1 51 (w1, wo, ws; wa; €, 15 %),
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By, Ay)
YRy 5 (Bi, Ai)10 ‘w1,w2,w3,w4,w57§ ;X X| = Fas1(wi, wa, wa; wa, ws; &,1; X),
(D],C 1,0 ]
B;, A;) |
‘IjFlg)(S |:((‘DZ C 10 ‘w17w27w37w47w57§777 B3 X X :Fg’(;;l(wl,wg,wg,wz;;w5;§,77,u;x),
ik ]
wed | (Bi, Ai)10 ‘ | S
o [(Djvcj)LO w)| = Dl
Kiymaz et al. [16]:
YFs [((gjié 11?) ‘whwz,ws,u,x X_ = o F (w1, wa; w3; 13 6),
\IIFI,(S |:((g;:g 11(()) "U)l,w2,’u)3,w4,§ mxX, X_ :Fl(wlaw27w3;w4;€vn;6)a
YR, 5 [((g;:é 11% ‘w1,w2,w3,w4,w57§ 75X, X_ = Fo (w1, we, ws; wa, ws; §,1m;6),
B;, A;) |
YED (Bi; Ai)1o ’wl,wz,w3,w4,w5,§ M 11X X | = Fp (w1, wa, w3, wa; ws; €1, 115 ),
’ (D])C 1,0 ] ’
vpes | (Bis Ai)ip ‘ 1 hes
e [(Dj,Cj)Lo K(M)_ = Dyrlw).
Luo et al. [19]: (for p = A =1 in [19])
e, 0 (Aal)ll ‘ F(A) €,0
I3 = ——=1
i | (B0 e = g2t et
Ozarslan et al. [20]:
B;, A; 1
\I,Fl,(s |:((D C) ‘wlaw27w37w4a£ 7770 0 :Fl(’LU1,w2,’(U3;w4;£,77;5),
s |
Bi, A;)
\IIFQ,é |:((D],C 10 ‘w17w25w37w45w5a§ 7770 0- :FQ(wl)w27w3;w47w5;€)n;5)7
v | (Bis Ao 3 o
FD(S wl,wg,wg,w4,w57§ m, /1’70 0 = FD5(w17w27w3,w47w57§7777/i)7
’ (DJ,C 1,0 ] ’
U ~E,O (BiaAi)l() ’ ] am e—m
Dy ’ —D .
i | (e e stw] = D et

v (Bi, Ai)10 ‘ ]

F ) ) ) ) aOO

15[(D],C )i w1, W, w3; Wwe; §, 1 |

B, 4;) |

\IJF25|:((DJ’C ‘w17w27w37w47w5,£ 17?00_
BaA 1,0

\IIF%5|:((D;7C 10 ‘wl)w27w37w4,w5a€’n M)OO

(Bi, Ai)1,0
(Dj,Ci)10

€,0 |
\I}DRL { ’H(M)
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Fi(wi, we, ws; wa; &,m;951),

F2(w17w2a W3; W4, UI5,£,T], 5’ 1)7

3
- FD,(S;l(wla W2, W3, W4; Ws; ga m, :u)v

m
d eml

dﬂm H

{r()}-
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Srivastava et al. [27]: (for K, = @)

(B):

VP [Egﬁ;i ‘w1,w2,w3;w4;5,77;0,0_ 11:(2;F1<{KZ}ZGNO>(w17w2,w3;w4;§,77;5),

WF2,5|:E§:i;iii‘wl,wz,w;3;w4,w5;£,77§070: g(g;F2<{KZ}ZENO>(w17w2,w3§w4aw5§£an§6)a

@Fg,a[gg: BE‘wl,w2,w3,w4;w5;§,ﬁaﬂ;0,0: 11:(2;1[7];3 ((Kuhiony >(w1,w2,w3,w4;w5;€,n,u),
"D | (1) |- %ﬂmgghe%) ()}
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