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Abstract- This paper considers a capacitated hub location problem with direct shipment. We determine the number of hubs, 
the locations of hubs, the allocation of non-hub nodes to hubs, and direct shipment paths in the network. An optimal solution 
is found using Xpress-MP for the small sized problems. Further, a hybrid meta-heuristic technique based on an ant colony 
optimization algorithm and a genetic algorithm is developed which solves the hub selection and the design of direct shipment 
path hierarchically. The performance of the proposed algorithm is investigated through a computational experiment. 
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I. INTRODUCTION 
 
The hub location problem (HLP) is one of the most 
important planning issues in designing 
communication networks, air cargo networks, water 
and sewage network, and logistics networks in order 
to facilitate the flow of the traffic among nodes. In a 
typical hub and spoke network, rather than carrying 
from origins to destinations directly the flow would be 
consolidated to hub facilities and then transfer to 
another hub and distributed to the destinations. In 
general, the flow of each origin-destination (O-D) pair 
consists of three components, in other words, 
collection, transfer and distribution respectively. The 
HLP is concerned with determining which nodes in a 
network are designated as hubs and which non-hub 
nodes are allocated to each hub. There are several 
variants of HLP. In the p-hub median problem, the 
total number of hubs is fixed as p and the locations of 
p number of hubs are determined such that the sum of 
the flow costs is minimized. Further, the HLP can be 
categorized into single allocation and multiple 
allocations. In the single allocation, each non-hub 
node must be allocated only one hub whereas in the 
multiple allocations, each non-hub node may be 
allocated to more than one hub. The flow of 
commodities either can be routed via hubs and/or 
direct shipment path. In addition, the HLP can be 
categorized as either capacitated or uncapacitated. 
The capacitated HLP considers capacity constraint on 
the amount of flow through hub. On the other hand, 
there are no capacity restrictions on the uncapacitated 
HLP. For an extensive review and classification of 
HLP see Campbell [1]. 

 
There have been considerable interests by 
practitioners and researchers in finding efficient 
methods for designing H&S network. The 
uncapacitated single allocation p-hub median problem 
is the most commonly studied and has been subjected 
to both exact and heuristic approaches. While much 

attention has been focused on uncapacitated versions 
of the problem, there has been less effort concentrated 
on capacitated versions. For the capacitated HLP, 
some researches are conducted by Campbell [2], Perez 
et al. [3], Costa et al. [4], Randall [5], Zorica [6]. But 
all these previous research articles dealing with 
capacitated HLP do not consider the direct shipment, 
which is common practice in real industry. Lumsden 
et al. [7] indicate that we can design the more efficient 
network by considering the direct shipment. Aykin [8], 
Zpfel and Wasner [9], Elhedhli and Hu [10] dealt with 
this issue. But these researches assume that the 
capacities of hubs are infinite. 
 
In this paper, a capacitated hub location problem with 
direct shipment (referred as CHLPwD) is considered. 
We determine the number of hubs, the locations of 
hubs, the allocation of non-hub nodes to hubs, and 
direct shipment paths in the network with the 
objective of minimum total transportation costs and 
fixed hub costs. The hubs have capacity restrictions 
and fixed costs for establishing them. Each non-hub 
node should be allocated to exactly one hub, in other 
words, single allocation policy is considered. To solve 
the problem, a hybrid meta-heuristic technique based 
on an ant colony optimization algorithm (ACO) and a 
genetic algorithm (GA) is proposed which solves the 
hub selection and the design of direct shipment path 
hierarchically. The proposed network with direct 
shipment is compared with traditional network 
without direct shipment in terms of cost. 
 
II. ANT COLONY OPTIMIZATION FOR HUB 
SELECTION 
 
The problem under study is hard to solve exactly when 
the size of problems increases. Therefore, we propose 
a hierarchical solution framework based on two 
efficient soft computing heuristics to get the near 
optimal solutions of the CHLPwD within a reasonable 
computational time. For the application of the 
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hierarchical approach to CHLPwD it is convenient to 
distinguish between two types of decision. The first 
refers to the hub selection, that is, the optimal number 
of hubs are selected among a given candidate hub 
locations and each customer node is allocated to the 
hub. The second decision refers to design of direct 
shipment path, that is, the choice of O-D pairs where 
direct shipment is performed. The proposed HBC 
technique is applied to these two sub-problems 
hierarchically. 
 
ACO algorithm is one of the most well-known soft 
computing techniques based on swarm intelligence. 
Dorigo and Stutzle [11] introduced the concepts and 
fundamental backgrounds of the ACO algorithm. 
ACO based algorithms have been widely applied on 
combinatorial optimization problems and showed the 
distinguished results. Our proposed ACO algorithm 
solves the hub selection, one sub-problem in the 
CHLPwD. 
 

A. Hub Selection 
The number of hubs must be determined at the 
beginning of each iteration in the search process. 
Denote the number of hubs used by colony as p which 
is chosen as a random number in the range of 
1 p H  . The solution construction in the hub 
selection might be divided into two phases, which 
involve the selection of hub locations and the 
allocation of customer nodes to hubs. Then the 
solution of the hub selection can be constructed by the 
following probabilistic equations. 
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where s
hL  is the set of candidate hub locations which 

are not selected yet by ant h in the sth iteration, s
k  is 

the amount of pheromone on each candidate hub k in 
the sth iteration. The parameter   establishes the 
importance of heuristic information in comparison to 
pheromone quantity in the selection process. The 
value q is a random uniform variable [0, 1] and the 
value 0q  is a parameter. When each selection decision 
is made, the ant selects the node with the highest value 
from equation (1) if 0q q . Otherwise, the ant selects 
a random variable K to be the next hub using the 
probability distribution defined in equation (2). The 
heuristic information k needs to be defined 
considering various problem specific characteristics. 
In this paper we consider the capacities of candidate 

hubs, traveling costs and fixed hub costs as the 
following equation (3). 
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where s
hW  is the set of hub locations which are 

selected by ant h in the sth iteration. Intuitively, each 
candidate hub node with large capacity, low fixed cost 
and incurring low traveling cost is likely to be selected 
as the hub. 
 

B. Customer Allocation 
After the hub selection phase is completed each 
customer node is successively allocated to the hub by 
the following probabilistic formula, 
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where i is the index of the current customer node that 
is going to be assigned to hub and r is the index of any 
potential hub. A flow potential vector W is computed 
in which the i-th component iW  represents the sum of 
the flows from node i to all other nodes. We sort the 
nodes in decreasing order of flow potentials and at 
each construction step an ant h selects the next, still 
unassigned, customer node i as a candidate node for 
allocation. In addition, ir  is defined as equation (6). 
The heuristic information, intuitively, should prefer 
the hub which has a low transportation cost with the 
candidate node and low capacity requirements. 
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If the solution violates the hub capacity constraint, it is 
disregarded for the remainder of the iteration and the 
ant is considered as a dead ant. This construction 
process continues until all customer nodes are 
allocated to the hub. And then the next phase of 
solution method, that is GA for designing direct 
shipment path, is invoked.  
 

C. Pheromone Updating 
After the ants select the hubs, the amount of 
pheromone on these selected hub nodes would be 
decreased due to the natural evaporation of 
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pheromone. Additionally, the amount of pheromone 
on each of the allocated customer-hub pair also would 
be decreased. The local pheromone updating rule in 
the proposed ACO can be defined as the following 
equations. 
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where ,   is a control parameter for the speed of 
evaporation and 0 0,   is an initial pheromone value 
assigned to all potential hub nodes and arcs 
representing all customer-hub pairs in the network, 
respectively. In this paper 0 0,   is set to the inverse of 
initial total costs found for a particular problem 
instance. s

hB  is denoted as the set of customer-hub 
pair selected by ant h in the sth iteration. 
 
After a predetermined number of w ants generate 
feasible solutions, global pheromone updating is 
conducted by adding pheromone to each of the hub 
nodes and allocated customer-hub pair contained in 
the current best solution found at the iteration. The 
global pheromone updating rule can be described as 
follows: 
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where 1s s

k ir bestL     , is a reciprocal of values of 
the current best solution, bsT . Before global 
pheromone updating is performed, a local search is 
applied to improve the quality of a current best 
solution found in each iteration. In this study, the hub 
is reassigned for each customer node. The best 
combination of customer-hub is found and the solution 
is updated. 
 
III. GENETIC ALGORITHM FOR DIRECT 
SHIPMENT PATH  
 
GA is a stochastic search method based on the 
mechanism of natural selection and natural genetics. 
The soft computing based on GA has already been 
proved efficient for many combinatorial optimization 
problems. Our proposed GA solves the design of direct 
shipment path, the other sub-problem of the CHLPwD 
in the second stage of solution framework. 
 

A. Genetic Representation 
In order to determine the direct shipment path in the 
network each customer node should be allocated to the 
hub by the application of ACO algorithm in the 
previous phase. The solution representation method is 

very critical to the successful implementation of GA to 
the application area. In this paper, one-dimensional 
array is used to genetically represent individuals for 
designing direct shipment path. The length of an 
individual is equal to the number of customer nodes, 
|C|. Each 0-1 value in the individuals indicates 
whether each customer node is a candidate origin node 
with direct shipment or not. 
 
In this study, a problem specific encoding/decoding 
method where an individual is encoded as a binary 
string and then decoded as one-dimensional array of 
customer node numbers indicating the destination 
nodes with direct shipment is proposed. Each 
customer node i with value of 1 is considered one by 
one and determines the destination node number j for 
direct shipment which has the maximum value of ij  
defined as equation (11). Intuitively, each O-D pair is 
selected as direct shipment pair which incurs the low 
direct shipment costs and high capacity requirements 
on the assigned hub.  

 

 
   

,ij
ij

ij ijh i

w
j C

w c


  
  

 
     (11) 

 
where   ,h i i C  is the hub index where the node i 
has been allocated. The proposed encoding/decoding 
method ensures that the feasibility conditions are not 
violated by the crossover operations such that every 
individual results in a feasible solution.  
 

B. Genetic Operator 
Each individual in the population is considered for 
genetic operations such as selection, crossover and 
mutation to generate new offspring for the next 
generation. In this paper, a stochastic remainder 
sampling without replacement method [12] is used for 
selection operator. After selection process is 
completed, members of the newly generated 
chromosomes are mated at random. Then, the 
crossover operator is applied to produce new offspring. 
In this study, a simple one-point crossover operator 
[12], which randomly selects one cut point and 
exchanges the right parts of two parents to generate 
offspring, is applied due to the binary genetic 
representation.  
 
The probability of crossover is set as 0.8cp   by the 
preliminary experiments, so we expect that, on 
average, 80% of individuals undergo crossover. In 
addition, an exchange based mutation operator has 
been utilized by altering one or more genes with a 
probability equal to the mutation rate. If the feasibility 
is violated by the genetic operators a penalty is 
imposed to the fitness function when the individual is 
evaluated. 
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IV. COMPUTATIONAL RESULTS 
 
This section evaluates the effectiveness of the 
proposed HSC algorithm through a comparative study. 
For this purpose, the proposed algorithm is 
programmed in C++ and run on a workstation with 
3.5 GHz microprocessor and 32GB RAM. 
Computational experiments are carried out to evaluate 
the effectiveness of the allocation policy with direct 
shipment over standard policy without direct 
shipment using the AP data set. The AP data set is 
derived from a real world hub location problem for 
Australia Post. The AP data set, which includes fixed 
costs and capacities for the nodes, can be obtained 
from OR-Library [13]. Two types of fixed costs, low 
(L) and high (H), and two types of capacities, loose (L) 
and tight (T) are considered. So for each problem with 
|C| nodes, there are four cases to be considered: LL, LT, 
HL, HT. The comparison of computational 
experiment is conducted in this study. The parameters 
in ACO algorithm have been determined via the 
preliminary experiments: 0q  = 0.6,   = 1,   = 0.1, 
m = 50. The genetic parameter values selected in the 
experiments are summarized as follows: Pop_Size = 
100, 0.8cp  , 0.01mp  . The performance of the 
proposed ACO-GA is measured in terms of the 
relative deviation from the optimal solution. The 
maximum number of iterations of ACO is set to 
|C|*100 and the maximum number of generations of 
GA is set to |C|*50, respectively. Note that the 
execution of ACO-GA terminates either when the 
optimal solution has been reached or a maximum 
number of iterations has elapsed. 
 
Though we tried to solve the problem using 
Xpress-MP 7.6, commercial optimization software, 
we found that the mathematical formulation for the 
CHLPwD could not get the optimal solutions for the 
test problems with more than 50 nodes in a reasonable 
computational time. It can be observed that the 
proposed ACO-GA generates the solutions whose 
error sizes are within 4% of the optimal solutions with 
substantially less computing time.  
 
The results of computational experiments indicate that 
the allocation policy with direct shipment outperforms 
the existing policy without direct shipment and 
generates 2.15%~14.37% improved solutions. As 
distribution costs account for a large portion of the 
company costs in most industries, it is readily justified 
to consider direct shipment in designing logistics 
network in order to improve the solution quality even 
by a small amount. 

CONCLUSIONS 
 
In this paper, a hybrid meta-heuristic solution method 
has been developed for solving the HLP. It seems that 
the direct shipment has a great impact on constraints 
of hub capacities. In other words, in case of having 
tight hub capacities (LT, HT) we can design the more 
efficient network by considering the direct shipment. 
The direct shipment may help enhance the 
possibilities of allocating the nodes to the more cost 
effective hubs by relaxing the constraints on hub 
capacities. Accordingly this kind of policy may 
change the entire network structure. 
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