
mailto:dlsuthar@gmail.com
https://orcid.org/0000-0001-9978-2177
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2020/5471715


(e corresponding fractional differential operators have
their respective forms as
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where x� 0; ! � �; ��!�� 0; k� 0, and ���!�� is the integer
part of ��!�.

�����# �� If we set k � 1 in equations (1), (2), (4), and (5),
operators reduce to Saigo’s fractional integral and derivative
operators stated in [5], respectively.

Now, we consider the following basic results for our
study.

Lemma 1 (see [13], pp. 497, Eq. 4.2). $�	 !; "; c;
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Lemma 2 (see [13], pp. 497, Eq. 4.3). $�	 !; "; c;
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Lemma 3 (see [13], pp. 500, Eq. 6.2). $�	 !; "; c; % � �; n �
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Lemma 4 (see [13], pp. 500, Eq. 6.3). $�	 !; "; c; % � �; ��’
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Recently, Gehlot and Prajapati [15] studied the concept
of the generalized k-Wright function, which is presented in
the following definition, and its connection with other
special functions. It is the generalization of Mittag-Leffler
function and many other special functions (see also,
[16–21]). (ese special functions have found many impor-
tant applications in solving problems of physics, biology,
engineering, and applied sciences.

(e k-Wright function is defined for
k � ��;x; ai; bj � �,
)i; *j � ��)i; *j � 0; i � 1; 2; . . . ; p; j � 1; 2; . . . ; q�, and �ai �
)in�; �bj � *jn� � �nkz� as
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with the convergence conditions described as
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�����# +� When we put k � 1 in (10), the k-Wright
function reduces to Wright function which is stated in [22].

(e following relation of the k-Wright function in terms
of the generalized k-Mittag-Leffler function, k-Bessel
function, k-hypergeometric function, and Mittag-Leffler
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family function is defined as follows by giving the appro-
priate values of the parameters:

(1) For p � 1; q � 2, the generalized k-Mittag-Leffler
function from Gehlot [17] is
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Here, Dı́az and Pariguan [23] introduced the
k-Pochhammer symbol and k-gamma function as
follows:
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and the relation with classical Euler’s gamma function
is as follows:
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where � � �; k � �, and n � �. For more infor-
mation on the k-Pochhammer symbol, k-special
functions, and fractional Fourier transforms, refer to
Romero and Cerutti’s [24] articles.

(2) For p � 1; q � 2, the generalized k-Mittag-Leffler
function from Dorrego and Cerutti [16] is
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(3) For p � 1; q � 3, the k-Bessel function of the first
kind from Cerutti [25] is
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(4) For p � 3; q � 3, the k-hypergeometric function with
three parameters from Mubeen et al. [26] is

3�
k
3�x� � 3�

k
3

�,; k�; �.; k�; �*; 0�;

�*; k�; �,; 0��.; 0�;
x266664 377775

� X
�

n�0

�,�n;k�.�n;kxn

�*�n;kn!
� 2F1;k��,; k�; �.; k�; �*; k�;x�:

����

(5) For k � 1; p � 1; q � 2, the generalizedMittag-Leffler
function from Shukla and Prajapati [20] is
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(6) For k � 1; p � 1; q � 2, the generalizedMittag-Leffler
function from Prabhakar [19] is
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(7) For k � 1; p � 1; and q � 2, the Mittag-Leffler
function from Wiman [21] is
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(8) For k � 1; p � 1; and q � 2, the Mittag-Leffler
function from Mittag-Leffler [18] is
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In this section, we present the composition formulas of
k-fractional integrals (1) and (2), involving the k-Wright
function.

Theorem 1. $�	 !; "; c; � �; k � ��� c; )i; *j � ��)i; *j �
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Now applying equation (6), we get
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Now, interpreting definition (10) on the aforementioned
equation, we arrive at the desired result (22). �
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������ (e finding is similar to that of (eorem 1. So, we
omit the details. �
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In this section, we present the composition formulas of
k-fractional derivatives (4) and (5), involving the k-Wright
function.
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In accordance with (10), the required result is (28). (is
completes the proof of (eorem 3. �
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Being very general, the results given in (22), (25), (28), and
(31) can yield a wide number of special cases by assigning
some appropriate values to the parameters involved. Now, as
shown in the following, we are explaining a few corollaries.
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�* � 1; )�; �,; 0�; �! � %; v�; �2! � % � " � c; v�; �k; k�;

� ck2x�� v/k�

2
26664 37775:

����
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Corollary 5. /� 7� (	 p � 3 ��’ q � 3 
� =������ � ��’ +�
	��� 7� 5�	 	�� �����7
�5 ���(�	� �� 	�� �
5�	 #��7� ��
k0����5����	�
� �(��	
��9

I!;";c0�;k t
�%/k�� 1

2F1;k �,; k�; �.; k�; �*; k�; ct
v/k� �n o� ��x�

� x��%� "�/k�� 15�
k
5
�,; k�; �.; k�; �*; 0�; �%; v�; �% � c � "; v�;

�*; k�; �.; 0�; �,; 0�; �% � "; v�; �% � ! � c; v�;
kcxv/k" #;

���

I!;";c� ;k t�� !� %�/k2F1;k �,; k�; �.; k�; �*; k�; ct
�� v/k�� �n o� ��x�

� x�� !� %� "�/k5�
k
5
�,; k�; �.; k�; �*; 0�; �! � % � "; v�; �! � % � c; v�;
�*; k�; �.; 0�; �,; 0�; �! � %; v�; �2! � % � " � c; v�;

kcx�� v/k�" #:
����

Corollary 6. /� 7� (	 p � 1 ��’ q � 2 
� =������ < ��’ ��
	��� 7� 5�	 	�� �����7
�5 ���(�	� �� 	�� �
5�	 #��7� ��
k0�
		�50$�>�� �(��	
��9

D!;";c
0�;k t

�%/k�� 1E,;-k;);* ct
v/kh in o� ��x�

� x��%�"�/k�� 13�
k
4

�,;-k�; �%; v�; �% � " � c � !; v�;

�*; )�; �,; 0�; �% � c; v�; �% � "; 1 � k � v�;
cx��v�1�/k�� 1" #;

�	��

D!;";c
� ;k t�!� %�/kE,;-k;);* ct

�� v/k�h in o� ��x�

� x�!� %�"�/k3�
k
4
�,;-k�; �% � ! � "; v � k � 1�; �% � c; v�;
�*; )�; �,; 0�; �% � !; v�; �% � ! � " � c; v�;

cx��� v�1�/k�� 1" #:
�	��

Corollary 7. /� 7� (	 p � 1 ��’ q � 3 
� =������ < ��’ ��
	��� 7� 5�	 	�� �����7
�5 ���(�	� �� 	�� �
5�	 #��7� �� k0������
�(��	
�� �� 	�� 3��	 #
�’9

D!;";c
0�;k t

�%/k�� 1J,;)k;* ct
v/kh in o� ��x�

� x��%�"�/k�� 13�
k
5

�,; k�; �%; v�; �% � " � c � !; v�;

�* � 1; )�; �,; 0�; �% � c; v�; �% � "; 1 � k � v�; �k; k�;

� ckx��v�1�/k�� 1

2
26664 37775;

�	��

D!;";c
� ;k t�!� %�/kJ,;)k;* ct

�� v/k�h in o� ��x�

� x�!� %�"�/k3�
k
5

�,; k�; �% � ! � "; v � k � 1�; �% � c; v�;
�* � 1; )�; �,; 0�; �% � !; v�; �% � ! � " � c; v�; �k; k�;

� ckx��� v�1�/k�� 1

2
" #:

�	��
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Corollary 8. /� 7� (	 p � 3 ��’ q � 3 
� =������ < ��’ ��
	��� 7� 5�	 	�� �����7
�5 ���(�	� �� 	�� �
5�	 #��7� ��
k0����5����	�
� �(��	
��9

D!;";c
0�;k t

�%/k�� 1
2F1;k �,; k�; �.; k�; �*; k�; ct

v/k� �n o� ��x�

� x��%�"�/k�� 15�
k
5
�,; k�; �.; k�; �*; 0�; �%; v�; �% � " � c � !; v�;

�*; k�; �,; 0�; �.; 0�; �% � c; v�; �% � "; 1 � k � v�;
cx��v�1�/k�� 1" #:

�		�

D!;";c
� ;k t��!� %�/k�2F1;k �,; k�; �.; k�; �*; k�; ct

�� v/k�� �n o� ��x�

� x�!� %�"�/k5�
k
5
�,; k�; �.; k�; �*; 0��% � ! � "; v � k � 1�; �% � c; v�;
�*; k�; �,; 0�; �.; 0�; �% � !; v�; �% � ! � " � c; v�;

cx��� v�1�/k�� 1" #:
�	
�

(e advantage of the generalized k-fractional calculus
operators, which are also called by many authors as the
general operator, is that they generalize Saigo’s fractional
calculus operators and classical Riemann–Liouville (R-L)
operators. For k � 1, operators (1), (2), (4), and (5) reduce
to Saigo’s [5] fractional integral and differentiation opera-
tors. If we take " � � !, (1), (2), (4), and (5) reduce the
operators to k-Riemann–Liouville as follows:

I!;� !;c0�;k f� ��x� � I!0�;kf� ��x�;

I!;� !;c� ;k f� ��x� � I!� ;kf� ��x�;

D!;� !;c
0�;k f� ��x� � D!

0�;kf� ��x�;

D!;� !;c
� ;k f� ��x� � D!

� ;kf� ��x�:

�	��

Due to the most general character of the k-Wright
function, numerous other interesting special cases from (22),
(25), (28), and (31) can be given in the form of k-Struve
function, k-Wright-type function, and many more, but due
to lack of space, they are not represented here.
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