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INTEGRAL SOLUTION OF A CONFORMABLE
FRACTIONAL INTEGRO-DIFFERENTIAL EQUATION
WITH NONLOCAL CONDITION

MOHAMED BOUAOUID

Abstract. This paper deals with the existence and uniqueness of the integral
solution of a nondense integro-differential equation with nonlocal condition in
the frame of conformable fractional derivative. The main results are obtained by
using some fixed point theorems combined with a integrated semigroup approach.

MSC 2010. 34A08, 45J05, 65R20, 47D03.

Key words. Fractional differential equations, semigroups of linear operators,
integro-ordinary differential equations, integral equations, nonlocal condition,
conformable fractional derivative.

REFERENCES

[1] T. Abdeljawad, On conformable fractional calculus, J. Comput. Appl. Math., 279
(2015), 57-66.

[2] M. Adimy, M. Alia and K. Ezzinbi, Functional differential equations with unbounded
delay in extrapolation spaces, Electron. J. Differential Equations, 2014 (2014), 1-16.

[3] W. Arendt, Vector-valued Laplace transforms and Cauchy problems, Israel J. Math., 59
(1987), 327-352.

[4] V. V. Au, D. Baleanu, Y. Zhou and N. H. Can, On a problem for the nonlinear diffusion
equation with conformable time derivative, Appl. Anal., 100 (2021), 1-25.

[5] T. T. Binh, N. H. Luc, D. O'Regan and N. H. Can, On an initial inverse problem for
a diffusion equation with a conformable derivative, Adv. Difference Equ., 2019 (2019),
1-24.

[6] M. Bouaouid, M. Atraoui, K. Hilal and S. Melliani, Fractional differential equations
with nonlocal-delay condition, J. Adv. Math. Stud., 11 (2018), 214-225.

[7] M. Bouaouid, M. Hannabou and K. Hilal, Nonlocal conformable-fractional differential
equations with a measure of noncompactness in Banach spaces, J. Math., 2020 (2020),
1-6.

[8] M. Bouaouid, K. Hilal and M. Hannabou, Integral solutions of nondense impulsive
conformable-fractional differential equations with nonlocal condition, J. Appl. Anal., 27
(2021), 187-197.

[9] M. Bouaouid, K. Hilal and S. Melliani, Nonlocal conformable fractional Cauchy problem
with sectorial operator, Indian J. Pure Appl. Math., 50 (2019), 999-1010.

The author expresses his sincere thanks to the referee for valuable and insightful com-
ments. Also, the author is very grateful to the entire team of the Journal of Mathematica

for their strong efforts.

DOLI: 10.24193/mathcluj.2022.2.04



[10]

[11]

[12]

[13]
[14]

[15]

[16]
[17]
[18]

[19]

[20]
21]
[22]
23]
[24]

[25]

[26]

[27]
[28]
[29]

[30]

31]

M. Bouaouid, K. Hilal and S. Melliani, Nonlocal telegraph equation in frame of the
conformable time-fractional derivative, Adv. Math. Phys., 2019 (2019), 1-8.

M. Bouaouid, K. Hilal and S. Melliani, Sequential evolution conformable differential
equations of second order with nonlocal condition, Adv. Difference Equ., 2019 (2019),
1-13.

M. Bouaouid, K. Hilal and S. Melliani, Ezistence of mild solutions for conformable-
fractional differential equations with non local conditions, Rocky Mountain J. Math.,
50 (2020), 871-879.

A. Boucherif and R. Precup, Semilinear evolution equations with nonlocal initial condi-
tions, Dynam. Systems Appl., 16 (2007), 507-516.

L. Byszewski, Theorems about the existence and uniqueness of solutions of a semilinear
evolution nonlocal Cauchy problem, J. Math. Anal. Appl., 162 (1991), 494-505.

T. Cardinali, R. Precup and P. Rubbioni, A unified existence theory for evolution equa-
tions and systems under nonlocal conditions, J. Math. Anal. Appl., 432 (2015), 1039—
1057.

W. Chung, Fractional Newton mechanics with conformable fractional derivative, J. Com-
put. Appl. Math., 290 (2015), 150-158.

K. Deng, Ezponential decay of solutions of semilinear parabolic equations with nonlocal
initial conditions, J. Math. Anal. Appl., 179 (1993), 630-637.

A. El-Ajou, A modification to the conformable fractional calculus with some applications,
Alexandria Engineering Journal, 59 (2020), 2239-2249.

H. Eltayeb, I. Bachar and M. Gad-Allah, Solution of singular one-dimensional Boussi-
nesq equation by using double conformable Laplace decomposition method, Adv. Differ-
ence Equ., 2019 (2019), 1-19.

H. Eltayeb and S. Mesloub, A note on conformable double Laplace transform and sin-
gular conformable pseudoparabolic equations, J. Funct. Spaces, 2020 (2020), 1-12.

K. Ezzinbi and J. H. Liu, Nondensely defined evolution equations with nonlocal condi-
tions, Math. Comput. Modelling, 36 (2002), 1027-1038.

F. Gao and C. Chunmei, Improvement on conformable fractional derivative and its
applications in fractional differential equations, J. Funct. Spaces., 2020 (2020), 1-10.
H. Kellerman and M. Hieber, Integrated semigroups, J. Funct. Anal., 84 (1989), 160—
180.

R. Khalil, M. Al Horani, A. Yousef and M. Sababheh, A new definition of fractional
derivative, J. Comput. Appl. Math., 264 (2014), 65-70.

A. A. Kilbas, H. M. Srivastava and J. J. Trujillo, Theory and applications of fractional
differential equations, North-Holland Mathematics Studies, Vol. 204, Elsevier, Amster-
dam, 2006.

L. Martinez, J. J. Rosales, C. A. Carrefio and J. M. Lozano, Electrical circuits described
by fractional conformable derivative, Internat. J. Circuit Theory Appl., 46 (2018), 1091
1100.

K. S. Miller and B. Ross, An introduction to the fractional calculus and fractional dif-
ferential equations, John Wiley & Sons, New York, 1993.

G. M. Mophou and G. M. N’Guérékata, On integral solutions of some nonlocal fractional
differential equations with nondense domain, Nonlinear Anal., 71 (2009), 4668—4675.
S. K. Ntouyas and P. Ch. Tsamatos, Global existence for semilinear evolution equations
with nonlocal conditions, J. Math. Anal. Appl., 210 (1997), 679-687.

K. B. Oldham and J. Spanier, The fractional calculus. Theory and applications of differ-
entiation and integration to arbitrary order, Math. Sci. Eng., Vol. 111, Academic Press,
San Diego, 1974.

W. E. Olmstead and C. A. Roberts, The one-dimensional heat equation with a nonlocal
initial condition, Appl. Math. Lett., 10 (1997), 89-94.



[32] A. Pazy, Semigroups of linear operators and applications to partial differential equations,
Appl. Math. Sci., Vol. 44, Springer-Verlag, New York, 1983.

[33] I. Podlubny, Fractional differential equations. An introduction to fractional derivatives,
fractional differential equations, to methods of their solution and some of their applica-
tions., Math. Sci. Eng., Vol. 198, Academic Press, San Diego, 1999.

[34] G. Da Prato and E. Sinestrari, Differential operators with non dense domain, Ann. Sc.
Norm. Super. Pisa Cl. Sci. (5), 14 (1987), 285-344.

[35] S. G. Samko, A. A. Kilbas and O. I. Marichev, Fractional integrals and derivatives:
theory and applications, Gordon & Breach Science Publishers, Amsterdam, 1993.

[36] K. Sylvain and R. Precup, Integrodifferential evolution systems with nonlocal initial
conditions, Stud. Univ. Babes-Bolyai Math., 65 (2020), 93-108.

[37] H. R. Thieme, “Integrated semigroups” and integrated solutions to abstract Cauchy prob-
lems, J. Math. Anal. Appl., 152 (1990), 416-447.

[38] N. H. Tuan, T. N. Thach, N. H Can and D. O’Regan, Regularization of a multidi-
mensional diffusion equation with conformable time derivative and discrete data, Math.
Methods Appl. Sci., 44 (2019), 1-13.

[39] X. Wang, J. Wang and M. Feckan, Controllability of conformable differential systems,
Nonlinear Anal. Model. Control, 25 (2020), 658-674.

[40] S. Yang, L. Wang and S. Zhang, Conformable derivative: Application to non-Darcian
flow in low-permeability porous media, Appl. Math. Lett., 79 (2018), 105-110.

[41] D. Zhao and M. Luo, General conformable fractional derivative and its physical inter-
pretation, Calcolo, 54 (2017), 903-917.

Received January 30, 2021 Sultan Moulay Slimane University
Accepted July 20, 2021 Faculty of Sciences and Technics
Department of Mathematics
Béni Mellal, Morocco.
E-mail: bouaouidfst@gmail.com
https://orcid.org/0000-0003-0474-0121


https://orcid.org/0000-0003-0474-0121

	References

