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Abstract of Thesis

Sparse optimization with uncertainty has been widely applied in operations research and industrial
engineering. For instance, in control systems, sparsity effectively minimizes the control efforts by
deactivating control actuators through holding a long—period of zero-valued control inputs - a paradigm
known as sparse optimal control. In practical applications, dynamical systems often encounter diverse
uncertainties, such as noise, disturbances, parameter mismatches, or missing data, which significantly
affect their stability and reliability. These uncertainties pose challenges in modeling systems, where
solutions become highly sensitive to uncertain variables. Therefore, pursuing a robust, stable, and
optimal solution for uncertain models is a critical issue for optimization theory and its control
applications

This dissertation aims to address these challenges. Firstly, by implementing the dynamic linear
compensator for system modeling, an explicit sparse feedback controller can be inferred from its open—
loop optimal solution to closed—loop realization, which also provides the initialization robustness
guarantees for control systems. Secondly, a chance—constrained sparse optimization problem is proposed
by modeling the stochastic dynamics, where the uncertain parameters are assumed to be random variables.
By means of convex relaxation and data—driven sampling technique, the sparse random convex program and
risk—aware sparse optimal (predictive) control problem setup are presented. This framework not only
delivers a randomized sparse solution but also ensures robustness with a high level of confidence in
probabilistic guarantees. Thirdly, a data—-driven framework for a discrete linear time invariant system
is employed in conjunction with sparse feedback control synthesis. Instead of a priori knowledge of
true system model, the black—box control systems can be purely exploiting experimental
input/state/output data samples. Fourthly, a methodology for linear quadratic sparseoptimal control is
devised to tackle a continuous—time master-slave tracking issue, employing a framework grounded in the
non—-smooth maximum principle. Finally, numerical benchmarks illustrates the effectiveness of the
proposed theoretical results and its control technologies.
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