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Recently, cooperative control has received growing attention to achieve motion coordination in
multiagent systems in which agents cooperatively accomplish a group objective by local information exchanges.
A consensus problem is one of typical problems of cooperative control. The consensus problem considers under
what conditions states of agents converge to a common value. In many practical situations, however, it may be
appropriate to consider the case in which each agent has a performance value depending on its own state and
updates the state in order that all agents have the same performance value. In this thesis, we derive the
sufficient conditions for achieving performance consensus using the algebraic graph theory.

As an application of a performance consensus problem, we consider resource allocation in real-time
systems. In real-time systems, QoS (Quality of Service) control plays an important role in providing
appropriate service for all tasks. In this thesis, we consider fair QoS control in order that all tasks receive the
same QoS level. First, we discuss fair QoS control in soft real-time systems under limited available resources.
We introduce an agent-based controller in which each agent monitors a QoS level of each task and updates a
resource based on local information exchanges of QoS levels with some other agents. We consider the
sufficient conditions for achieving a fair QoS level by applying a performance consensus problem. Next, we
propose adaptive resource allocation for multitier computing systems to achieve a fair QoS level under resource
constraints of tiers. We introduce a multitier computing architecture with resource managers and an arbiter.
Each resource manager updates resources allocated to subtasks of its client by locally exchanging QoS levels
with some other resource managers. The arbiter compensates the updated resources to avoid overload
conditions in the tiers. Based on the resource compensation by the arbiter, the subtasks of each client are
executed in the corresponding tiers. We derive the sufficient conditions for the proposed resource allocation to
achieve a fair QoS level and avoid overload conditions in all tiers.

Another issue discussed in this thesis is a potential game theoretic approach to a mobile sensor coverage
problem. Each sensor tries to maximize a probability of target detection in a convex mission space. An
objective function of the power-aware mobile sensor coverage problem evaluates the trade-off between the
maximization of the target detection probability and the minimization of the power consumption of sensing. We
represent a sensing voltage and a position of each mobile sensor using a barycentric coordinate over an
extended strategy space. With the barycentric coordination representation, the sensor coverage problem can be
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formulated as a potential game in which the power-aware objective function and the barycentric coordinates
correspond to a potential function and players' mixed strategies, respectively. We propose a decentralized
control method in order that each mobile sensor finds a locally optimal position and sensing voltage by
updating its barycentric coordinate using replicator dynamics.
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