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Abstract

This manuscript is perturbed with a controllability problem of nonlinear fractional dynamical
systems with delay in the state variable. By employing Laplace transformation technique and
using Mittag-Leffler function, solution representation of the examined fractional delay differential
equations can be devised. Besides, we build the necessary as well as sufficient condition, in
order to prove the controllability of linear fractional delay dynamical structures. Especially, the
sufficiency part for the controllability results is obtained by using the fixed point argument. In
addition to that, we have provided three numerical examples to illustrate the essence of our
obtained theoretical statements.
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1 Introduction

The inclusion of fractional order in differential equations of diverse kinds play a crucial role not only
in Mathematics but also in physics, control systems, dynamical systems and engineering and also it
is a valuable tool in modeling of many physical phenomena, see for instance [18, 21]. Basically, the
fractional order differentiation is the generalization of classical integer order differentiation. Numerous
writers have stretched the solutions from integer order to a fractional sense, see the references [1, 3, 4, 5]
that owed to its signification. Moreover, the fractional differential equations is considered to be a
substitute model for nonlinear differential equation [8]. So, it increases the research interest among the
scientists and researchers from around the world, see for references [6, 17]. Furthermore, in numerous
medical and physical phenomena the involvement of delay features arises in the fractional differential
equation. The aroused delay may be with the state-dependent one or in the non-constant delay.
Basically, delay differential equations are solved by using numerical methods, asymptotic solutions
and graphical tools. Bellman Cooke [7], Smith [23], Halaney [11], Oguztoreli [20] and Hale [12]
deliberated the analytic form of solutions to delay differential equations. As yet there is no relevant
work dealing with the explicit solution of representations of fractional delay differential equations with
small parameters. The variation of parameter formula for integer order delay differential equations is
acquired by employing the Lambert W function [24, 25, 26], construction of Lambert ’W’ function is
impossible in fractional sense.
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