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Abstract

This paper deals with a capacitated hub location problem arising in the design of telecommunications networks.
The problem is different from the classical hub location problem in two ways: the cost of using an edge is not
linear but stepwise and the capacity of a hub restricts the amount of traffic transiting through the hub rather than
the incoming traffic. In this paper both an exact and a heuristic method are presented. They are compared and
combined in a heuristic concentration approach to investigate whether it is possible to improve the results within
limited computational times.
� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction and problem description

Optimization problems related to the design and installation of telecommunication networks gain
interest due to the growing importance of telecommunications. Since nowadays installing telecommu-
nication networks is expensive, an optimization phase with the goal of minimizing costs is needed in
the design process. This paper deals with an optimization problem arising in the design of a quite com-
mon network architecture, the so-calledbackbone/tributary network, in which two kinds of nodes are
present.Terminal nodesrepresent origins and destinations of the traffic demands to be routed. Usu-
ally, connecting all pairs of terminals nodes by direct links is a very costly solution. So, the traf-
fic originating in different terminal nodes must be collected in nodes calledhubs, which receive

∗ Corresponding author.
E-mail addresses:hyaman@bilkent.edu.tr(H.Yaman),giuliana.carello@polito.it(G. Carello).
1Also for correspondence.

0305-0548/$ - see front matter� 2004 Elsevier Ltd. All rights reserved.
doi:10.1016/j.cor.2004.05.009

http://www.elsevier.com/locate/cor
mailto:hyaman@bilkent.edu.tr
mailto:giuliana.carello@polito.it


3228 H.Yaman, G. Carello / Computers & Operations Research 32 (2005) 3227–3245

ab

c

d

f

g h
i

l

m

n

o
e

i

k

terminal node

hub node

tributary link

backbone link

routing from e to m

Fig. 1. Backbone/tributary network instance.

traffic from terminal nodes and route it through other hubs towards the destinations. The network
connecting the terminal nodes to the hub to which they are assigned is called thetributary network
and the network connecting the hubs is called thebackbone network. Since the cost per unit of traffic
is usually cheaper in the backbone than in the tributary network, collecting traffic allows to reduce the
costs.
Different kinds of optimization problems may arise in backbone/tributary network design. Klincewicz

[1] gives a survey on these problems and Yuan[2] gives an annotated bibliography in communication
network design and routing problems that presents over 600 references. Problems differ in many aspects,
e.g. it is possible to focus on the design of the backbone and/or the tributary networks or on the hub
location problem. Furthermore, it is possible to consider different kinds of costs, e.g. to consider fixed
costs for installing hubs and/or variable costs for using them as well as fixed costs for installing the
needed capacity on the edges or variable costs for using the edges. It is possible to limit the capacities
of both edges and hubs. Moreover, in some problems, an a priori structure is specified for the networks.
For example, one can look for a network where the backbone is a tree and the tributary networks are
stars.
In this paper, we focus on networks with complete backbone and star tributary networks and solve

the location and dimensioning problems simultaneously. The locations of the hubs are chosen among
the terminal nodes and each terminal node is assigned to exactly one hub. All the outgoing traffic of
a terminal node is sent to the hub to which it is assigned, and is routed through the other hubs to-
wards the destinations. All the traffic incoming in the terminal node is routed from its origins through
the hubs towards the hub to which the node is assigned. The hubs are fully connected and each ter-
minal is directly connected to the hub to which it is assigned. The traffic between two nodes goes
from its origin to the hub of the origin, then on the direct edge to the hub of the destination and fi-
nally to its destination. InFig. 1, an example of the considered network is shown. In the network the
hub nodes arec, d, f and l. The edges of the backbone network, which is fully connected, are repre-
sented by bold lines. The routing of the traffic from terminal nodee to terminal nodem is represented
by dashed lines. First the traffic is routed tod, to whiche is assigned. Then it is routed on the direct
edge from hubd to hub l, to whichm is assigned, and finally it reachesm through the star tributary
network.
We consider fixed costs of installing hubs and fixed costs of installing the needed capacity on each edge.

The capacity needed to route the traffic on an edge is provided by the installation of an integer number
of bidirectionallinks of fixed capacity. The link capacity can be different for the backbone and for the
tributary edges. For each edge, the cost of establishing a link on this edge is given and this cost depends
on the length of the edge. Furthermore, there is a capacity which is the maximum amount of traffic that
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