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ABSTRACT

The thesis discusses the optimal solution for some
important mathematical models for differential games. The
optimal fire support strategies have been obtained and proved
that it depends on the time - course of the combat, the
transition surfaces in this case have been obtained. A modefied
model for the advertising strategy of two competitive companies
has been constructed, discussed, and solwved. The results

obhtained have been published in 3 research papers.
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SUMMARY

Historically, early works in differential games and optimal
control theory appeared almest simultaneocusly, independently of
each other. The theory of differential games, however, got a
big post immediately after the establishment of optimal control
theory in the late fiftiea. Thiz succession, at first glance,
seems to Dbe natural, since a differential game may be viewsed
npon as a control process where the controls are divided among
various players who are willing to use them for objectives with

possibly conflict with zach ether.

& closer look, however, will reveal that the development of
the two fields following different lines. Both have the dynamic
aspect in common, but differential games have in addition a
game-thecretic aspect. The latter overshadows 50 mnuch the
dynamics that the techniques daveloped in optimal control
theory canncot simply be used in differential games. This basic
difference is the reason why the picture of the present situa-
tion in differential games appears to the casuwual observer
rather unfavorable compared with control theory, and he feels
disturbed by the fact that in differential games, mathematical
rigeur and geometric intuition have still not blended into a

satisfactory theory.

This impression has two negative effects : First, it dis-
courages workers in applied science, who could use differential
games, to make an effort in learning the background. Secondly,
the subiect is not adeguately represented in the curriculum of

many universities and institutes of technology, hence vyoung
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engineers and mathematicians rarely have the opportunity to

acquire even a modest basic kunowledge of the subject,

Jur thesis is divided mainly into three parts, the first
part is PRELIMINARIES, in which we review the main concepts and
definitions o©of functicnals, calculus of variastions, optimal
contreol, corner conditions in optimal contreol, singular solu-
tions im contrel problems and differential games from the

optimal control point of view.

Jo the second part, chapter one, we discussed the Differen-
tial Games Theory and Technigues:; showing the different types
of Singular Surfaces, then, an overview on the optimal control
of a lanchester-type attrition process for a deterministic and

a stochastic formulation is done,

Part three, c¢hapter two, 15 the main part of the thesis,
it contains our main results. It 1s diwvided into two sections,
the first is devoted to the analysis of oeptimal fire-suppert
strategies using mathematical differential game models. The
second section is devoted to analysing the advertisicg problem

a5 a mathematical differential game.

The problem of the optimal fire-support strategies is one
of the most important problems in military operations research.
B.K . Weiss discussed the problem in his paper {72} by coostruct-
ing a differential system describing the model, solving it and
using matrix game technigue to get the gptimal fire-support
strategies hence the wvalue of the game. This has imposed many

restrections on the cbjective functions, the loss of possible

‘Vi_
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and natural time dependence of the strategies. We have studied
the problem using differential game theory for different models
and several objective functions we got
- Relations between the wvalue o©of the game and combat
duration,
- Dependence of strategies on the time wvariable and U-
singular subarcs,
- Synthesis of extremal strategic wvariables and scome

other relaticns.

Next, a logarithmic excess-advertising model of a duopoly
is presented, and Hash optimal open-loop advertising strategies
are determined. It turns out that if the two firms use
different discount rates, then the optimal strategies will be
exponentially decreasing. However, in this case the state equa-
tion has no nice sgolution and must be solved by numerical
methods, When both firms use the same discount rate, then the
state equation has a simple gsolution., This solution is also
vzlid for the case when no discounting is performed. Further-
more, when no discounting is performed, the optimal strategiles
will be simple time-linear decreasing strategles. Finally, we
studied how the optimal strategies and trajectories depend on

the parameters of the model.

Finally, conclusions and suggested recommendations are

presented,

-pii-
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