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ABSTRACT

Differential Complementarity Systems (DCSs) and Differential Variational Inequal-

ities (DVIs) are special kinds of nonsmooth dynamical systems where complemen-

tarity conditions or variational inequalities are imposed on state variables. These

systems can be mathematically described by an ordinary differential equation cou-

pled with complementarity conditions or variational inequalities. A lot of problems

arising from mechanical systems, electrical systems, optimal control, differential

games, and many other areas can be formulated as DCSs or DVIs. This thesis

is devoted to some fundamental issues of these dynamical systems such as mode

switching behavior, non-Zenoness, stability, and so on. The research is based on

two rich areas: optimization and systems theory.

In this study, we first dealt with the switching behavior of Conewise Linear

Systems (CLSs). We proved the “simple switching” property of CLSs. We then

studied two important cones related to long time mode switching properties and

gave a characterization of long time finite number of mode switches in terms of the

two cones. We also related switching properties to stability issues and provided

necessary and sufficient conditions for asymptotic stability of switching-free CLSs.

In the second part of this dissertation, we studied functional evolutionary

variational inequalities (FEVIs) which represent a class of DVIs whose equilibrium

states are exactly the solutions of a static variational inequality (VI). With the help

of VI theory, we proved some stability results for FEVIs. For the linear cases, we

also studied the long time mode switching properties.

In the last part of this thesis, we extended the non-Zenoness result to a class of

Differential Quasi-Variational Inequalities (DQVIs). The cornerstones of our study

include a new perturbation result for affine variational inequalities (AVIs), a VI

reduction method, and an expansion lemma.
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