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This dissertation is concerned with game—theoretic learning and cooperative control
in sensor and power networks for welfare maximization. The essential problems for these
networked systems are to persistently monitor large—scale environments and to establish
a new—generation energy management system admitting the full-scale introduction of
volatile renewables to the power network while securing robustness against disasters.
The terminal objective of this dissertation is to develop decision—making rules called
learning algorithms and cooperative control mechanisms based on distributed
computation suitable for each specific networked system through a game—theoretic
framework to guarantee welfare maximization corresponding to the global objective.

We first present payoff-based learning algorithms for general potential games to
theoretically guarantee that agents eventually take the potential function maximizers
in the presence of action constraints and undesirable equilibria. The present
algorithms allow an agent to take an irrational action in order to escape the local
equilibria. Consequently, the irrational decision functions as the guarantee of
convergence in probability to the potential function maximizers rigorously.

We next present cooperative environmental monitoring problems for visual/mobile
sensor networks, whose welfare is intertwined with the uncertain state of the physical
world. Then, these problems are reduced to a potential game with local objective
functions that guarantee equivalence between resulting game—theoretic equilibria, i.e.
potential function maximizers, and the global welfare maximization. As a consequence,
the processing architecture to seek these optima is constituted only by distributed
information processing with local communication and the game—theoretic learning.

We finally formulate an optimal network formation problem for distributed autonomous
microgrids with photovoltaics, which aims at minimizing these temporal and spatial
variability while reducing transmission losses by an appropriate power transmission.
Moreover, we present the real-time implementation of the presented network formation
based on receding horizon control, where it is shown that the information processing
of the learning algorithm is almost distributed with the help of a solar radiation
forecasting/estimation system. Throughout this dissertation, the effectiveness of the
presented algorithms is demonstrated through simulations and experiments
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