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EXISTENCE AND UNIQUENESS ANALYSIS FOR FRACTIONAL
V-DIFFERENCE TWO-POINT BOUNDARY VALUE PROBLEMS
WITH FULLY DIFFERENCE BOUNDARY CONDITIONS
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Abstract. In this article a fractional-order V -difference two-point boundary value problem of
order [2,3) is investigated. One of the interesting parts of this boundary value problem is its
boundary conditions that includes all of the possible fractional orders o € [0,1), oo =1, and
o € [1,2). Thanks to the Green’s function approach, the main problem is transfered into an
appropriate functional space and then, making use of fixed point techniques such as nonlinear
alternative of Leray-Schauder and Krasnoselskii-Zabreiko fixed point theorems existence of at
least one solution is approved for the boundary value problem under study. Next, we choose the
Banach contraction principle to make a uniqueness criterion. At the and, we examine our theo-
retical findings with some numerical prototypes to show applicability of the solvability results in
practice.

Mathematics subject classification (2020): Primary 34A08, 34F15, 39A12; Secondary 39A10, 34A12.
Keywords and phrases: Fractional sums and differences, boundary value problems, fixed point theory,

existence, uniqueness.

[1]
[2]
[3]
[4]

[5]

[6]
[7]

[8]

[9]

[10]

REFERENCES

SAID ABBAS et. al., Fractional difference, differential equations and inclusion, Analysis and stability,
Elsevier, 2024.

T. ABDELJAWAD, F. M. ATICI, On the definitions of nabla fractional operators, Abstr. Appl. Anal.
vol. 2012, (2012), Article ID 406757, 13 pages.

H. ADIGUZEL, Oscillatory behavior of solutions of certain fractional difference equations, Adv. Dif-
ference Equ. 445 (2018).

J. ALZABUT, A. G. M. SELVAM, D. VIGNESH, Y. GHOLAMI, Solvability and stability of nonlinear
hybrid A-difference equations of fractional-order, International Journal of Nonlinear Sciences and
Numerical Simulation. 2023, 24 (6): 2263-2280.

P. ANH, A. BABIARZ, A. CZORNIK, M. NIEZABITOWSKI, S. STEGMUND S, Some results on linear
nabla Riemann-Liouville fractional difference equations, Math Meth Appl Sci. 2020, 43: 7815-7824,
https://doi.org/10.1002/mma.6337.

F. M. ATICI, T. ZHOROEV, Controllability and observability of time-invariant linear nabla fractional
systems, Fractional Differ. Calc. 2020, 10 (1): 19-39.

D. BALEANU, M. ALQURASHI, M. MURUGESAN, B. A. X. GNANAPRAKASAM, One dimensional
fractional frequency Fourier transform by inverse difference operator, Adv. Difference Equ. 212
(2019).

H. BOULARES, A. ARDIJOUNI, Y. LASKRI, Existence and uniqueness of solutions for nonlinear
fractional nabla difference systems with initial conditions, Fractional Differ. Calc. 2017, 7 (2): 247—-
263.

R.I. BUTT, T. ABDELJAWAD, M. UR REHMAN, Stability analysis by fixed point theorems for a class
of non-linear Caputo nabla fractional difference equation, Adv. Difference Equ. 209 (2020).

W. CHENG, J. XU, Y. CUI, Q. GE, Positive solutions for a class of fractional difference systems with
coupled boundary conditions, Adv. Difterence. Equ. 249 (2019).

© &1€P€I\T Zagreb
Paper FDC-15-16


http://dx.doi.org/10.7153/fdc-2025-15-16
https://doi.org/10.1002/mma.6337

272

[11]

[12]
[13]
[14]
[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]
[23]

[24]

[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]

[35]

Y. GHOLAMI AND E. POORTAGHI

1. K. DASSI10S, Geometric relation between two different types of initial conditions of singular
systems of fractional nabla difference equations, Math. Meth. Appl. Sci. 40: 6085-6095, (2017),
doi:10.1002/mma.3771.

Y. GHOLAMI, A uniqueness criterion for nontrivial solutions of the nonlinear higher-order V -
difference systems of fractional-order, Fractional Differ. Calc. 2021, 11 (1): 85-110.

Y. GHOLAMLI, Existence and uniqueness criteria for the higher-order Hilfer fractional boundary value
problems at resonance, Adv. Difference Equ. (2020), 482: 2020.

Y. GHOLAMI, Existence of an unbounded solution for multi-point boundary value problems of frac-
tional differential equations on an infinite domain, Fractional Differ. Calc. 2014, 14 (2): 125-136.

Y. GHOLAMLI, Existence of solutions for a three-point Hadamard fractional resonant boundary value
problem, J. Appl. Anal. 2022, 29 (1): 31-47.

Y. GHOLAMLI, Lyapunov-type inequalities of multi-layer fractional half-linear V -difference boundary
value problems, J. Fract. Calculus. Appl. 16, 1, 2025, 1-18,
doi:10.21608/jfca.2025.319515.1131.

Y. GHOLAMI, K. GHANBARI, Coupled systems of Caputo type fractional A-difference boundary
value problems at resonance, Transactions of A. Razmadze Mathematical Institute. 2017, 171: 332—
349.

Y. GHOLAMI, K. GHANBARI, Coupled systems of fractional V -difference boundary value problems,
Differ. Equ. Appl. 2016, 8 (4): 459-470.

Y. GHOLAMI, K. GHANBARI, Existence and uniqueness of positive solutions for coupled systems of
[fractional A-difference boundary value problems, J. Fract. Calculus. Appl. 7, 2, 2016, 88-100,
doi:10.21608/jfca.2016.308389.

Y. GHOLAMI, K. GHANBARI, S. AKBARI, R. GHOLAMI, New uniqueness criterion for Cauchy
problems of Caputo fractional multi-term differential equations, Differ. Equ. Appl. 2024, 16 (2): 97—
112.

C. S. GOODRICH, Existence and uniqueness of solutions to a fractional difference equation with
nonlocal conditions, Comput. Math. Appl. vol. 61, (2011), pp. 191-202.

C. S. GOODRICH, A. C. PETERSON, Discrete Fractional Calculus, Springer, (2015).

N. S. GOPAL, J. M. JONNALAGADDA, Nabla fractional boundary value problems with a non-local
boundary condition, TWMS J. App. and Eng. Math. vol. 14, no. 1, 2024, pp. 206-222.

J. L. G. GUIRAO, PSHTIWAN OTHMAN MOHAMMED, HARI MOHAN SRIVASTAVA, DUMITRU
BALEANU, MARWAN S. ABUALRUB, Relationships between the discrete Riemann-Liouville and
Liouville-Caputo fractional differences and their associated convexity results, AIMS Mathematics
2022,7 (10): 18127-18141, doi:10.3934/math.2022997.

Z.Hu, W. L1u, T. CHEN, Existence of solutions for a coupled system of fractional differential equa-
tions at resonance, Bound. Value. Probl. vol. 2012, no. 98, (2012), pp. 1-13.

Z.Hu, W. L1u, T. CHEN, Two-point boundary value problems for fractional differential equations at
resonance, Bull. Malays. Math. Sci. Soc. vol. 36, no. 3, (2013), pp. 747-755.

L. HU, S. ZHANG, Existence and uniqueness of solutions for a higher-order coupled fractional dif-
ferential equations at resonance, Adv. Difference Equ. vol. 202, (2015), pp. 1-14.

J. M. JONNALAGADDA, A Comparison Result for the Nabla Fractional Difference Operator, Foun-
dations. 2023, 3 (2): 181-198.

J. M. JONNALAGADDA, An ordering on Green’s function and a Lyapunov-type inequality for a family
of nabla fractional boundary value problems, Fractional Differ. Calc. 2019, 9 (1): 109-124.

J. M. JONNALAGADDA, Impulsive nabla fractional difference equations, Fractional Differ. Calc.
2022, 12 (2): 115-132.

M. A. KHAMSI, W. A. KIRK, An introduction to metric spaces and fixed point theory, Wiley inter-
science publication, (2001).

A. A. KILBAS, H. M. SRIVASTAVA, J. J. TRUJILLO, Theory and Applications of Fractional Differ-
ential Equations, North-Holland mathematics studies, Elsevier science 204 (2006).

X. L1u, F. DU, D. ANDERSON, B. J1A, Monotonicity results for nabla fractional h-difference opera-
tors, Math. Meth. Appl. Sci. 2021, 44: 1207-1218, https://doi.org/10.1002/mma.6823.

Q. Lu, Y. ZHU, Z. G. LU, Uncertain fractional forward difference equations for Riemann-Liouville
type, Adv. Difference Equ. 147 (2019).

K. S. MILLER, B. R0OSS, An Introduction to Fractional Calculus and Fractioal Differential Equation,
John Wiley, New York, (1993).


doi:10.1002/mma.3771
doi:10.21608/jfca.2025.319515.1131
doi:10.21608/jfca.2016.308389
doi:10.3934/math.2022997
https://doi.org/10.1002/mma.6823

FRACTIONAL V -DIFFERENCE TWO-POINT BOUNDARY VALUE PROBLEMS 273

[36] P. O. MOHAMMED, H. M. SRIVASTAVA, D. BALEANU, R. JAN, K. M. ABUALNAJA, Monotonicity
results for nabla Riemann-Liouville fractional differences, Mathematics 2022, 10, 2433.

[37] K. B. OLDHAM, J. SPANIER, The Fractional Calculus, Academic Press, New York, (1974).

[38] 1. PODLUBNY, Fractional Differential Equations, Mathematics in Science and Applications 19, Aca-
demic Press, New York, (1999).

[39] J. REUNSUMRIT, T. SITTHIWIRATTHAM, Existence results of fractional delta-nabla difference equa-
tions via mixed boundary conditions, Adv. Difference Equ. 370 (2020).

[40] J. REUNSUMRITAND T. SITTHIWIRATTHAM, On positive solutions to fractional sum boundary value
problems for nonlinear fractional difference equations, Math. Meth. Appl. Sci. 39: 2737-2751, (2016),
doi:10.1002/mma.3725.

Fractional Differential Calculus

www.ele-math.com Fractional Differential Calculus
fdc@ele-math.com www.ele-math.com

fdc@ele-math.com


doi:10.1002/mma.3725

