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ABSTRACT

This thesis involves the numerical treatment of delay
differential equations.
After having reviewed the RETARD code, which was originally
written by Hairer & Wanner in 1995 with the aim of solving delay
differential equations (DDEs), a new arithmetic called OSFESOR code is
presented in this thesis. The OSFESOR (Optimal stepsize for each step
of RETARD) code is a tool for automatic implementation of DDEs in
FORTRAN 90. Consequently ,by using the OSFESOR code , it is
possible, during the run of the program, to evaluate the solution of DDEs
with optimal stepsize, H ,for each step .In short, the use of OSFESOR
code serves to validate the result provided by a computer, and to assure

the user of the reliability of scientific = computations.

In this thesis we discuss the effect of approximating the delay term
on the order and local truncation error of the continuous Runge-Kutta

method used n the OSFESOR code.

Also, this thesis modifies the numerical solution of initial value
problems of the Delay Differential Equations (DDEs) by making it
suitable to deal with Retarded Differential Equations (RDEs) with several

delays:
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where 7,,7,,...,7, are positive constants, f and ¢ denote given vector-

valued functions. This thesis is concerned with stability behaviors of
linear multistep method for RDEs . It is proved that the linear multistep
method 1s GP-stable if it is A-stable for Ordinary Differential Equations

(ODEs).

Finally, we demonstrate how a mathematical model can describe the
logic of the most common dental caries phenomena and how we can use
such a model to analyze the carious teeth status and help eradicate disease
or even make the lesions regress. A model was set up using a system of
delay differential equations and this is analyzed mathematically, and
simulated using software written with MATLAB and FORTRAN 90 or

95. Computer software gives a Concrete picture of numerical predictions.
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