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Hub-Spoke Network Design considering multiple allocation

Hyun-Woong Jin* - Sukun Park**

Abstract

The logistics network design problem has been one of the important decision problems in
the area of production management as well as management science. As a consequence,
traditional models such as the p-median network and the p-center network were developed
as modeling tools for the logistics network. However, as the logistics network has become
more complex due to globalization, the development of realistic and effective network models
is now required. The hub-spoke network is one of the network models which has been
developed so as to model large scale networks such as airline passenger flow networks,
telecommunication networks and parcel delivery networks.

The hub-spoke network consists of hubs and spoke nodes, and the traffic generated at
each spoke node(origin) is mainly transported via some hubs(while sometimes being
transported directly) to the associated destination spoke node. Because most of the traffic is
transported via hubs, the traffic flow between each pair of hubs increases greatly in
quantity. Such increased traffic flow between hubs induces economies of scale, which
decreases the inter-hub transportation cost per unit of flow. The objective of the hub-spoke
network design problem is to determine all the required hub locations among the given hub
candidate sites, as well as to identify all the spoke-to-spoke routes so that the related
network design cost is minimized.

Because it has been widely used for large scale network modeling, many researches
considering the hub-spoke network design problem have been published. However, due to
the complexity issue, most of these researches adopted a single allocation strategy in the

hub-spoke network design. Therefore, this paper deals with the hub-spoke network design

* Associate Professor, Dept. of Business Administration, Hannam University
** Graduate Student, Dept. of Industrial Engineering, KAIST
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problem considering a multiple allocation strategy. Moreover, the considered problem allows
direct service as well as hub service and assumes each hub to have limited capacity.

Because the complexity of the considered problem is NP-complete, a heuristic solution
algorithm based on Tabu Search is proposed in this paper. Tabu search is a meta-heuristic
procedure based on the neighborhood search algorithm and has been widely adapted in the
network design area. Since the meta-heuristic procedure is defined as a form of black-box
mode] to be adapted to various combinatorial optimization problems, it becomes necessary
for the detailed algorithm design to reflect the characteristics of the considered problem. In
this paper, the solution procedure consists of two sub-procedures; first, finding the hub
locations and secondly finding the routes of each traffic. Both procedures are designed by
taking into account the characteristics of the considered problem. The solution procedure
seems to conform to the guidelines for the use of meta heuristic procedures proposed by
Hertz and Widmer(2003).

In order to evaluate the effectiveness of the proposed procedure, the procedure is coded in
C++ language and tested with well-known numerical examples such as CAB data and AP
data. The performance of the proposed procedure is evaluated in terms of the elapsed time
and the objective function value of the final solution. And the performance of the proposed
algorithm is compared with a heuristic algorithm proposed by Aykin, which is the only
known algorithm for the considered problem. Test results show that the objective function
values of two algorithms are similar, although the averaged elapsed time of the proposed
algorithm is less than 20% of the averaged elapsed time of Aykin's algorithm. Therefore, it
is inferred that the proposed algorithm is as effective as Aykin's algorithm in terms of the
objective function value and more efficient than Aykin's algorithm in terms of the elapsed
time. As a result, it is submitted that the proposed algorithm can be effectively used as an

engine of the decision support system for the logistics network design.

Key words: Hub-Spoke Network, Multiple allocation, Tabu Search, Meta Heuristics
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