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Abstract:

In many networked systems such as wireless sensors, cellular, smart grids, water distribution, and
vehicular networks, decision variables must often be optimized by algorithms that need to be fast, simple,
and robust to errors and noises, both in a centralized and in a distributed set-up. In this talk, a new simple
vector optimization theory, named the fast Lipschitz (F-Lipschitz) optimization, is introduced for a novel
class of nonlinear multi-objective optimization problems that are pervasive in these networked systems.
F-Lipschitz problems are defined by qualifying properties specified in terms of increasing objective
function and partially monotonic constraints. It is shown that feasible F-Lipschitz problems have always a
unique Pareto optimal solution that satisfies all the constraints at the equality, including the inequality
constraints. The solution is obtained quickly by asynchronous algorithms of certified convergence.
F-Lipschitz optimization can be applied to both centralized and distributed optimization. Compared to
traditional Lagrangian methods, which often converge linearly, the convergence time of centralized
F-Lipschitz algorithms is superlinear. Distributed F-Lipschitz algorithms converge fast, as opposed to
traditional Lagrangian decomposition and parallelization methods, which generally converge slowly and
at the price of many message passings. In both cases, the computational complexity is much lower than
traditional Lagrangian methods. It is proved that the interference function theory, which plays a
fundamental role in distributed resource allocation of wireless communication systems, is a particular
case of F-Lipschitz optimization. It is shown that a class of convex problems, including geometric
programming problems, can be cast as F-Lipschitz problems, and thus they can be solved much more
efficiently than interior point methods. Examples of applications of the F-Lipschitz optimization to
wireless sensor network problems are given. The extension of the theory to problems with more general
objective functions is discussed. It is suggested that before using Lagrangian methods, it is convenient
having conditions ensuring that the optimal solution satisfies part or all the constraints at the equality. The
drawback of the F-Lipschitz optimization is that it might be difficult to check the qualifying properties.
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