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Scientific abstract – Modern Algorithms for Maximization subject to Combinatorial Classes of Constraints
Many problems in combinatorial optimization can be cast as special cases of the following general task. Given a ground set 𝒩 of weighted elements, find a maximum weight subset of 𝒩 obeying some constraint 𝒞. In general, one cannot get any reasonable approximation ratio for this general task since it captures many hard problems such as maximum independent set in graphs. However, the literature includes many interesting classes of constraints for which the above task becomes more tractable.
Perhaps the most well-known such classes of constraints are the class of matroids, and its generalization k-Intersection, which is the class of all constraints that can be represented as the intersection of k matroid constraints (k is an integer parameter here). Over the years, a vast hierarchy of classes generalizing k-Intersection and has been suggested in the literature, and each class in this hierarchy provides a different trade-off between generality and tractability. In this proposal we refer to the classes of the hierarchy as the combinatorial constraint classes because their definitions are based on combinatorial properties, unlike some other examples of constraint classes such as the well-known class of unimodular constraints.
Maximization of linear (weight) and submodular functions subject to combinatorial classes of constraints has been studied since the 1970's, and found many applications, in particular in the field of machine learning. Traditionally, this maximization has been studied in the offline setting. However, recent works started to explore similar problems under more modern computational models such the data stream and Map-Reduce models. Despite these initial results, many questions about maximization subject to combinatorial constraints in the data stream model are still open, and some questions about these problems are still open even in the traditional offline model.
Our first goal in this proposal is to answer the above open questions, with the hope of obtaining both results of theoretical value and good algorithms for practical use—since maximization subject to combinatorial constraint classes has many applications, such algorithms are likely to have a significant practical impact. Our second goal in this proposal is the vaguer goal of studying maximization subject to combinatorial constraint classes in additional modern computation models, such as the property testing model, and also coming up with new problems of interest involving the combinatorial constraint classes. For example, we would like to find settings in which one can prove interesting results regarding minimization subject to these constraint classes.
