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Calculating where to put supermarkets to attract as many clients as possible 

In this thesis, we consider several geometric variants of cluster analysis and competitive facility-
location problems that can be formulated as optimization problems where we want to maximize 
profit or minimize cost. Cluster analysis has many applications in areas such as market research, 
information retrieval, bio-informatics, and pattern recognition. In the geometric clustering problems 
we consider, we want to partition a given set of points in the plane into a number of clusters, so that 
a certain measure is minimized. One of the contributions of the thesis is an algorithm to compute an 
approximately optimal clustering that works for a large class of clustering problems.  

Next we focus on a specific clustering problem, where we want to minimize the sum of the 
perimeters of the clusters. Suppose we want to protect the trees in a garden by fencing them and 
minimize the total length of the fence at same time. When all the trees should be fenced together, 
this problem is simple. It becomes harder when we allow trees to be fenced in more than one 
cluster. We present a faster algorithm to compute optimal fencing, for the case when we are allowed 
to have two separate fences. Our final contribution on geometric clustering problems is the first 
efficient algorithm to compute optimal fencing where the number of separate fencing we are 
allowed to use is part of the input. 

In the competitive facility-location problems we consider, we are given a set of customers in a city. 
Two rival supermarkets want to select some locations for their shops in the city, in order to win as 
many customers as possible. A supermarket wins a customer if he owns the closest shop location to 
the customer. Assuming one of the supermarkets have to pick its shop locations first, we want to 
develop an algorithm to verify if this supermarket has a chance to win more customers for the given 
set of customers and the number of shops each supermarket wants to have in the city. 

We present the first efficient algorithm for the one-dimensional case of this problem. It was already 
known that this problem is unlikely to admit an efficient algorithm in higher dimensions when the 
number of shops is part of the input. We narrow down the complexity class of the problem in higher 
dimensions which also provides an explicit algorithm to solve the problem efficiently when the 
number of shops is fixed as a by-product. As a second contribution about competitive facility-location 
problems, we study the special case when each supermarket has exactly one shop, with slightly 
modified tie-breaking rules. For this special case, we provide the first efficient algorithm to verify if 
the first player can win the game in any dimensions.  

For this special case, where each supermarket has exactly one shop, we also consider the problem 
when the first supermarket cannot win more customers. In this case, we consider two different 
approaches to enable the first supermarket win more customers, that is either by ignoring some of 
the customers or by restricting the location of the second supermarket's shop to be in certain fixed 
radius from the location of the first supermarket's shop. First, we provide an efficient algorithm that 
computes the minimum number of customers that needs to be ignored so that the first supermarket 
can win more customers. We provide a faster algorithm for this problem when the number of 
customers that needs to be ignored is small. Then, we present an algorithm that solves the problem 
with restricted locations for the second supermarket efficiently. 
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