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Abstract:
The subject of this thesis is the development of concepts and techniques of optimal design for linear
deterministic as well as stochastic distributed-parameter systems.

The primary purpose of the thesis project is the development of computationally feasible methods for
optimal design of distributed-parameter systems under a linear or convex performance measure of the
distributed error of the system.

The content of the thesis is summarized as follows: First, a new definition of distributed correlation
function is introduced to facilitate the study of stochastic control of distributed-parameter systems.
Relationships are derived which paralleled well-known relationships in the statistical analysis of
lumped-parameter systems. With this definition of distributed correlation function, an optimal control
problem is shown to be a Wiener-Hopf spectrum-factorization problem.

Second, a computationally feasible method is developed for optimal control of distributed-parameter
systems. By use of the method, the optimization problem is reduced to one of linear programming for
which well-known solution algorithms are available. Performance is optimized with respect to absolute
values of distributed errors weighted both in time and in space. Magnitude constraints on both control
and state-variable functions are incorporated. Both distributed and non-distributed inputs to the system
are treated. Third, the optimal control of distributed-parameter systems is studied from dynamic
programming point of view. A functional equation associated with a convex performance measure is
derived with properties analoguous to those of the lumped-parameter case. A computationally feasible
method is developed for minimizing the spatial-average-integral-square error of a class of
distributed-parameter systems. With this method, feedback control of distributed-parameter systems
can be achieved. Fourth, the theory of deadbeat response with minimal overshoot compromise is
generalized to include systems enfolding time delay in the loop. The optimal trade-off between
deadbeat-response time for a ramp input and step-response overshoot is derived for a single-loop
sampled-data system with time delay.

In addition, sensitivity of the output response is studied as a function of parameter variations in the
optimal controller, and stability limits are derived in terms of a change-in-gain parameter. 
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�� �! �� �� �% �� �% �! �� �� �� �% � �� �& �( �� �.�#������ � �� �� �% �! �� �� �� �! �� �� � �& �� �' �% �%�! �� �) �% �3 �� �� �% �) �� �� �� �� �. �� �) �%�$�� �! �0 �� �) �� �& �� �� �� �' �# �� �% �) ��

�, � �� � �. �% �� �% �� �� �& �� �& �� �% �. �& �* �� �� �� �% �� �� �% �� �K�9�H�L�� � �! �) �� �� �� �% �� �� �% �� � �! �) �� �� �� �0 �0 �� �! �& �� �K�9�G�L�� �# �& �% �) �� �& � �.�,�� �% �) �� ��
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�& � �. �, �$ �� �! �0 �� �, �% �� �� �� �) �� �� �& �� �) �� �& �� �# �& �& �% �) �� �� �! �� �� �� �% �� �$ �� �� �% �� � �� �# �� �% �� �K �? �9 �( �� �9 �G �L �* �� �� �% �� �% �! �� �$ �� �( �� �+ ��� �3�%����

� �! �) �� �� �� �� �� �# �6� �� �K�?�C�L�� �. �� �) �� �- �� �% �) �� �� �! �%�� �� �- �� �� �� �% �� �� �% �� �& �� �& � �. �, �$ �% �) �� �) � �� � �� �. �� �) �%�$�&�� �K �9 �H �( �� �9�G�L�� �' �� ��

�# �& �� �! �0 �� �� �! �$ �� �� ���!�%�� �&� �. �, �� �% �� � �! �) �� �� �� �$ �) �� �� �� �� �� �# �� �� �* �F �� �+ � �� �� �� �% �� �( �� �% �� �� � �$ �* �(�� �K�C�@�L�� �, �� �� �, �� �& �% �) �� ���=����

�� �% �� �� �! �� �/ �# �% �& �( �� �! � �. �% �$�� �( �� �/ �# � �! �� �� �6 � �� �� �� �! �� � �! �) �� �� �! �� �% �0 �� � �$ �� �� �� � �! �& �- �� �� �. � �� �� �� �! �( �� �- �� �� �� �. �� �) �%�$�� �! �0 ��

�) �� �& �� �� �� �' �# �� �% �) �� �, � �� � �. �% �� �% �� �� �& �� �& �� �% �. �& �* �� �� �- �� �� �� �% �� �& �, � �� �� � �$ �� �3 � �� �� � �' �$ �% �& �� � �� �% �� �/ �# � �! �� �� �6 �% �) �( �� �� �* �% �M �( ��

�' �� �� �" �% �! �� �� �! �� �� �� �F �$�# �. �, �&�F�� �= �� �� �$ �% �� �� �� �% �� �� �� �. �%�� �3 � �� �� � �' �$ �% �� �� �& �� �� �� �! �� �� �! �# �� �# �& �( �� �, � �� �� �� � �$



�7�C

�) �� �- �- �% �� �% �! �� �� � �$ �� �% �/ �# � �� �� �� �! �& �� � �� �% �� �� �% �) �# �� �% �) �� �� �� �� �& �% �� �& �� �� �- �� �� �� �) �� �! � �� �� �� �) �� �- �- �% �� �% �! �� �� � �$ �� �% �/ �# � �� �� �� �! �& �*��

�� �$ �$ �� �� �� �% �� �$ �# �. �, �% �) �� �, � �� � �. �% �� �% �� �� �� �% �� �� �! �� �/ �# �% �& �� �� �- �� �. �� �) �%�$�� �! �0 �� �� � �! �� �� �� �% �! �� �' �% �� � �, �, �$ �� �% �) �* �� �� �! ��
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�)�#�. �. ���� �3 �% �� �� �� �� �� �� �- �� �� �! �� �% �0 �� � �� �� �� �! �* �� ���&�� �� �! �� �$ �# �. �, �% �) �� �, � �� � �. �% �� �% �� �� �! �% �� �= �� �� �" �& �(�� �� �� �% �� �� �� �! �� �% �, �� ��
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�- �� �$ �� �% �� �� �! �0 �� �, �� �� �' �$�%�. �& �� �� �! �� �) �� �& �� �� �� �' �# �� �% �) �� �, � �� � �. �% �� �% �� �� �! �% �� �= �� �� �" �& �*�� �� �% �� � �� �$ �& �� �� �- �� �� �� �% �� �, �� �% �) �� �� �Z
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� : � � � � � � �7 �*�H �H �: �: � � � � � : � : � � � � � 7 � * � H � H � H � H �*�8�8�E�: �*�8�8�C�G
�H �* �7 �E � � � � � : � : �3� � �7 �*�H �H�C�8 � 7 � * � H � H � H � H �*�8�8�: �7 �*�8�8�G�8
�H �*�7 �G �7 �* �H�H�C�C�7 �*�H �H�7 �9 � 7 � * � H � H � H � H � ��2 � � � �� ��9� � � � � �� ��1�9
�H �* �7 �9 �7 �* �H �H�7 �7 �7 �*�H �H �H �@ � 7 � * � H � H � H � H �*�8�8�8�C � � � �� ��9�9
� : � � � � �1 �7 �*�H �H�H�@�7�*�H�H�H�G � 7 � * � H � H � H � H �*�8�8�8�G � � � � � � � � � �
�H �* �7 �@ � � � �� �� ��9 �7 �* �H �H�H�7 �7 �* �H �H�H�H � � � �� �� ��9 �*�8�8�8�:
� : � � � � � � � � � �� �� �� � �*�8�8�8�8 �*�8�8�8�8 � � � �� �� ��9 � � � �� �� ��9
� : � � � � � : � � � �� �� �� � �*�8�8�8�8 � � � �� �� �� � �*�8�8�8�@ � � � �� �� ��9
� : � � � � � � � � � �� �� �� � � � � �� �� �� � � � � �� �� �� � � �� �� �� �� � �*�8�8�8�8
� : � � � � � � � � � �� �� �� � � � � �� �� �� � � � � �� �� �� � �*�8�8�8�8�� �* � � � �� �� �� �
� : � � � � � � � � � �� �� �� � �*�8�8�8�8 �*�8�8�8�8 � � � �� �� �� � �*�8�8�8�8
� : � � � � �3 � �� �� �� �� � � � � �� �� �� � �*�8�8�8�8 � � � �� �� �� � �*�8�8�8�8
�H �*�C �G �*�8�8�8�8 �*�8�8�8�8 � � � �� �� �� � � �� �� �� �� � � � � �� �� �� �
�H �* �C �9 � � � �� �� �� � �*�8�8�8�8 � � � �� �� �� � �*�8�8�8�8 � � � �� �� �� �
� : � � � � �1 � � � �� �� �� � �*�8�8�8�8 �*�8�8�8�8 �*�8�8�8�8 � �� � � � � �� �� �� �
�H �* �C �@ � � � �� �� �� � � �� �� �� �� �� � �*�8�8�8�8 �*�8�8�8�8 � � � �� �� �� �
� : � � � � � � � � � �� �� �� � � � � �� �� �� � � 7 � * � H � H � H � H �*�8�8�8�8 � � � �� �� �� �
�H �* �? �H � � � �� �� �� � �*�8�8�8�8 � 7 � * � H � H � H � H � � � �� �� �� �
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