
Abstract

In this thesis we consider two fundamental challenges in theoretical computer science—clustering and facility
location—which have been studied for many years yet remain unsolved in many aspects. With applications
in areas like optimization, machine learning, data mining, and operations research, further research in these
areas is highly valuable. In the class of clustering problems, we focus on center-based models while in the
area of facility location, we study submodular facility location problem, an extended version of traditional
facility location problem. Given that most of the problems in these areas are NP-hard, we focus on designing
approximation algorithms for the problems.

The general goal of clustering problems is to divide a given dataset into similar groups. In 𝑘-clustering, we
aim to divide a given dataset to 𝑘 distinct clusters while minimizing the objective function, specifically a vector
of distances between the data points and the centers of their corresponding clusters. We design parameterized
approximation algorithms for various 𝑘-clustering objective functions. First, we consider Socially Fair
(𝑘, 𝑧)-Clustering, and provide a new results on parameterized approximability of the problem in geometric
spaces, particularly in high-dimensional discrete Euclidean spaces. Then, we consider the algorithmic regime
of designing a (1+𝜖)-approximation algorithm for a norm 𝑘-clustering problem that runs in time 𝑓 (𝑘, 𝜖)poly(𝑛)
(sometimes called an efficient parameterized approximation scheme or EPAS). We present a unified EPAS
that works over various objective functions and several metric spaces by introducing a novel concept called
bounded 𝜖-scatter dimension —an intrinsic complexity measure of a metric space that relaxes the standard
notion of bounded doubling dimension. For any clustering objective in metric space 𝑀 we obtain an EPAS,
as long as the objective is a monotone norm and the 𝜖-scatter dimension of 𝑀 is upper bounded by a function
of 𝜖 .

Next, we consider Submodular Facility Location (SFL), where we are given a set of clients, a set of facilities,
and an opening cost for each facility defined by a monotone submodular function. The goal is to assign each
client to a facility while minimizing the combined cost of assignment and facility opening. We make progress
toward a longstanding open question—whether SFL admits a constant-factor approximation—by presenting
a log log 𝑛-approximation algorithm for SFL. Our approach is flexible and extends to generalizations and
variants of SFL. Additionally, we obtain an improved approximation algorithm for the related Universal
Stochastic Facility Location problem.
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