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Abstract

Stochastic modeling holds significant importance in life due to its
broad applications in various fields such as economics, physics, stock
markets, environmental phenomena, medicine, biology, and epidemics. Its
importance stems from its ability to encompass stochastic effects that may
influence these phenomena. Accordingly, this thesis focuses on stochastic
differential equations.

This thesis addresses the analytical solutions of stochastic
differential equations using both Ito and Stratonovich formulas to find the
stochastic integrals. Theorems related to the Ito integral were generalized to
the Stratonovich integral, given their major relevance in applied fields, as
the computations of these integrals incorporate stochastic factors affecting
the phenomena. These solutions included using the Ito formula (the method
of solving stochastic differential equations with an exact solution, the
method of linear stochastic differential equations, the method of the
integrating factor, and the method of reducible, or what is known as the
transformation method with its special cases) generalized to the
Stratonovich integral formula for each method, with examples illustrating
that. After finding the solutions to those equations in the Ito and
Stratonovich formulas, the stability of the solutions for stochastic
differential equations was studied using the Lyapunov method, and we
derived the general formulas for both one-variable and two-variable cases,
as well as systems of equations, illustrating them with a set of examples.
The moments of stochastic differential equations were also studied by
utilizing the Ito and Stratonovich formulas, which help us find the moments
accurately without resorting to solving those equations. It was done by
directly taking the moments of the equations, benefiting from the properties
of the Wiener process, and transforming them into ordinary differential
equations. Upon solving these, we obtain the moments of the stochastic
differential equations, along with providing some examples accompanied
by graphs of the moments.

The study was applied to the construction of various models of
stochastic differential equations based on real data (number of cancer cases
in Iraq from 1991 to 2023). The proposed models included the stochastic
quadratic model and the stochastic exponential model, using both integral
formulas (Ito and Stratonovich) for each model. We found the parameters



