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In this thesis, four interesting methods, Runge-Kutta, Asymptotic Adomian
decomposition, Laplace Adomian decomposition, and product integration have been
introduced. These methods have been implemented to solve fractional differential
equations. In the first chapter, some preliminaries about fractional derivatives and
fractional integral have been introduced. In the second chapter, we want to obtain an
approximate solution for fractional order Riccati differential equations (FRDEs).
FRDEs are equivalent to nonlinear Volterra integral equations of the second kind. In
order to solve nonlinear Volterra integral equations of the second kind, a class of
Runge-Kutta methods has been applied. Runge-Kutta methods have been
implemented to solve nonsingular integral equations. These kinds of Volterra integral
equations are singular. The singularity by a suitable subtraction technique will be
weakened; then, this method will be applied to gain an approximate solution. In the
first section of the third chapter, asymptotic Adomian decomposition method (AADM)
is implemented to solve fractional order Riccati differential equations. Some
fractional order Riccati differential equations are presented as examples to illustrate
the ability and the efficiency of the proposed approach. The approximate solutions of
AADM are compared with the results of Laplace Adomian Pade method (LAPM).
Generalizing AADM for solving fractional Riccati differential equations by the far-field
approximation indicates the novelty of this section. In the second section of the third
chapter, the fractional-order differential model of HIV-1 infection of CD4 T-cells with
the effect of drug therapy has been introduced. There are three components;
uninfected CD4 T-cells, x, infected CD4 T-cells, y, and density of virions in plasma, z.
The aim is to gain numerical solution of this fractional-order HIV-1 model by Laplace
Adomian decomposition method (LADM). The solution of the proposed model has
been achieved in a series form. Moreover, to illustrate the ability and efficiency of the
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proposed approach, the solution will be compared with the solutions of some other
numerical methods. In the last section, the convergence analysis has been presented.
In the forth chapter, the aim, is to gain an approximate solution for nonlinear Volterra
integral equation of the second kind with singular kernel which is equivalent to a
FRDE. Product integration method (PIM) is implemented to solve this kind of
nonlinear Volterra integral equation. Achieved solution of this integral equation is the
same as this of FRDE. PIM is reconstructed by Simpson's rule and the weights of
numerical integral resulted converting FRDE into nonlinear Volterra integral equation
is gained according to 0
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