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Summary

—

This thesis deals with the - treatment’ of ~ delsy-differéntial
eguatlons and its accuracy in six chapters.

The first chapter is considered zs an introductionand it
contalns the fundamentals for delay-differential equations. -~
We have studied the flelds of applicaticn, scme problems from
practice and tesi problems for checkiﬁg the used numerical method
and at the and of the chapter we have studied the gensral form
of the differentlal difference equation.

—_—

The second chapter deals with the existence and uniguensss
thecrens:We consider the delay-differential equaticn

aDy[t} + bDy(t} + b1y[t-r} = fit} , - Tt >r
with the initlial function

yity = glc}y , vt e [0O,=],

&

and we investigate tMEexistaﬁf and unigueness of solutioné,the
conditlon of continuity of the derivative of the solution at r
the conditions of continuity of the second derivative of the
soluticn a2t 2r, the domain aof the sclutlon of delay differential
equations. We also study the polynomial sclutions and the exponential
sclutfians. At the end of the chapter we study the transformation of

the general delayed differential eguations to a simpler cne.

¥i



In the third chapter we have studied the linear systems of
delay-differential eguaticns. In this chapter we . could
transform a higher order delay-differential equation to a
system of first order, and we hzve studide the classification
of the linear systems of differentizl-differeznce equations,
existence and uniguensss cof sclutions for the system of delay

differential equations and the characteristic matrix fenction

Pl

of this system;’Finally a priori estimate of the norm of
the solution of a system of delay-differential equations

is derived.

In the fourth chapter we have studied the modifled
methods for the nusmerical treatment of delay-differential
eguations., In this chapter we could derive the Predictor -
Modifier-Corrector-Final Values method for solving the delay

difrerentizl equation

Fit)l = £t , yit) , ylt=-v)) t>r

yith = glt) vt e [0,r]. -

and for the systems of delay differential sguaticns

£

Y (t) = Fit, ¥(t},¥{t-ri}, t>r

¥it) = Gt} vt e [OQ,r],



we have also siudied special cases of ithe Predictor-Modifier-
Corrector-Final Value meihod zand have solved examples on a
delay-differential equaticn and a system of delay-diffarential

eguations.

In chapter five we have studied the stabllity of the numerical
methads used for the delay-differential eguaticns. The study
includes the asymptotic properties of the sclution of linear
delay-differential equations and The stability conditions of the_ﬂf
numerical methods usedfifhe numerical method used involves

the constructlen of general multistep metheds of special

preperties.

In chapter six we have studied the stabiliiy regions
of the msthods of the delay eguations. We nave studied first
the =tabiliiy region fer second and third order predictor-
corrector methods and then the stability region for ithird and

fourth crder modified predictor-corrector mefihods.

the Micro VAX comuter (VT. 3100) was used for computing the

numerical results.

Part of this wark is already publisked .n [ 30 ! the
proceedings of the 1¥th internasticnal conference of computer
science and staftistics, Vaol. &, pp. 209-218, C=ziro 1992, In
addition twoe further papers [ 31 ] ard [ 32 ] are published
in the proceedings of the 18th international ccocnferesnce of

computer science and statistics, Caire, (719937,
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We hope to continue the work by further invest,igatinns
for solving the delay dJdifferential equations by higher
 order modi'fiéd-.pred'i"ct-:ir—corrector-.fi_nal value ‘methods to be

- treated in future.
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CHAPTER I

INTRODUCTION AND FUNDAMENTALS



1.1 Fields of Application of Delay - Differential Eguations

The Fundamental problem to analyze a retarded process
from the real world, to give a description by a mathematical
model and to determine the subsequent {future) behavior leads
to delay differential egquations. Detailed studies of the real
world force us , to take account of the fact that the rate of
change of physical systems depend not only on their present
state , but alsc on their past history.The research in the
very last years shows that wvaricus approximation and also
optimization prcblems appear in the numerical treatment of
delay eguations. Such type of equations appear in many fields

of applications:

In Physics And Engineering the applications are in the :
nuclear reactions, electrostatic charge problems, elasticity
theory, automatic controls, diffusion, rocket engines and

transistor design.

In Biology the applications are in the :
population growth, ecological models, host - parasite -models

and two-species competition.

In Medicine the applications are in the :
pharmacokinetic models, spread of infection dizgeases
andproduction of red blood cells.

In Economics the applications are in the :

business cycles and economic growth.

Analytic Mumber Theory




