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We consider the problem of allocating clients to base stations in wireless networks. Two 
design decisions are the location of the base stations, and the power levels of the base 
stations. We model the interference, due to the increased power usage resulting in greater 
serving radius, as capacities that are non-increasing with respect to the covering radius. 
Clients have demands that are not necessarily uniform and the capacity of a facility limits 
the total demand that can be served by the facility. We consider three models. In the first 
model, the location of the base stations and the clients are fixed, and the problem is to 
determine the serving radius for each base station so as to serve a set of clients with 
maximum total profit subject to the capacity constraints of the base stations. In the second 
model, each client has an associated demand in addition to its profit. A fixed number of 
facilities have to be opened from a candidate set of locations. The goal is to serve clients 
so as to maximize the profit subject to the capacity constraints. In the third model, the 
location and the serving radius of the base stations are to be determined. There are costs 
associated with opening the base stations, and the goal is to open a set of base stations of 
minimum total cost so as to serve the entire demand subject to the capacity constraints 
at the base stations. We show that for the first model the problem is NP-complete even 
when there are only two choices for the serving radius, and the capacities are 1, 2. For 
the second model, we give a 1/2 approximation algorithm. For the third model, we give 
a column generation procedure for solving the standard linear programming model, and a 
randomized rounding procedure. We establish the efficacy of the column generation based 
rounding scheme on randomly generated instances.

© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the 
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).

1. Introduction

Given a set of client locations in some metric space, the covering facility location problem is to determine an optimal 
location for a set of facilities that are required to serve the clients. Facilities can serve clients within a prescribed radius 
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only, i.e. a client is covered or served by a single facility if it is within the covering range of the facility, otherwise it is not 
covered. The covering problem was introduced in [4] and it has been widely used in practice in areas such as the location 
of emergency vehicles, of retail facilities, or of telecommunication equipment. However, the simple “all or nothing” covering 
constraint has been found too restrictive for many applications, and several relaxations have been proposed and studied 
in the last decade. The excellent survey [2] presents three relaxations: (a) the gradual cover model where the degree with 
which a client is served decreases as its distance to the facility increases; (b) the cooperative cover model where several 
facilities can contribute to serving the same client; (c) the variable covering radius model where the planner can choose the 
covering range for the facilities, but the opening cost for the facility increases with its range.

We introduce a new family of covering problems, Covering with Variable Capacities (CVC), which addresses the client 
coverage problem in the presence of interference in wireless networks. CVC generalizes the classical capacitated covering 
due to [15] where an upper bound on the total demand that can be served by a facility is imposed. Facilities correspond to 
wireless base stations employing omni-directional antennas and clients represent service subscribers. We assume that the 
location of the clients is given. Demands (bandwidth requirements) and profits (revenue) are associated with the clients.

In our model, every facility has a variable covering range and the facilities need to be located and assigned a covering 
range. The range can only be increased at the expense of the capacity, as increasing the power of the radio transmitter 
causes more interference in the network [3,9,10].

Our paper is motivated by the current research in the field of networking aimed at understanding the connection 
between interference and base station capacity in networks utilizing the popular code division multiple access (CDMA) 
technology. Several researchers have investigated the idea of using this dependency to improve the performance of net-
works. For example, Radwan and Hassanein [16] show that there are significant savings in resource utilization for wide 
band CDMA networks when the range of the base stations is appropriately chosen, and Tam et al. [18] describe a cellular 
network that exploits this phenomenon. Arguably our models and solutions have immediate applications in the mobile tele-
phony industry. In addition we extend the theory of facility location problems by studying a new class of location problems 
in which the facilities have variable capacities, and the designer not only has to choose a location for the facility but also 
the capacity at which the facility should operate.

Problem CVC can be defined in any metric space. We study three variants of CVC: CVC with fixed facilities (or simply CVC) 
where the location of the facilities is given and the objective is to maximize the total profit of the clients served, maximum 
CVC where a set of clients with maximum total profit must be covered by a fixed number of facilities, and set-cover CVC
where the entire set of clients must be covered by a set of facilities with total minimum cost. The three problems are 
defined next. We use index notation to refer to clients and facilities, and so ui for some index i refers to a client and a j for 
some index j refers to a facility.

Problem 1 (CVC).
Input:

– A set U = {ui : i ∈ I} of clients where I is the index set of clients.
– For each client ui , a non-negative demand or size si and profit pi .
– A set A = {a j : j ∈J } of open facilities, where J is the index set of facilities.
– For each facility a j , a set R j of allowed ranges and for each r ∈ R j a corresponding capacity c jr . We denote by N jr the 

set of clients within the covering range r of facility a j .

Output:

– For each facility a j , a range r j ∈ R j .
– For each facility a j , a subset of clients denoted by I j ⊆ I that are served exclusively by a j satisfying 

∑
i∈I j

si ≤ c jr j and 
ui ∈ N jr j for all i ∈ I j .

Objective:

– To maximize the total profit of clients served, max
∑

i∈⋃
j∈J I j

pi .

Problem 2 (Maximum CVC).
Input:

– Same as for Problem 1. The set of facilities represents candidate facility locations.
– A positive integer k.

Output:

– k facilities are to be opened, indexed by J ∗ ⊆J where |J ∗| = k.
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