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ABSTRACT 

The problem studied in this paper is the p hub center and the network structure is hierarchical and in three levels; 
where level one is for demand nodes, level two is for hub nodes, and level three is for central hubs. Central hubs have 
a complete network and hubs in the network have the capacity constraint. Given that the issue under consideration is 
for the purpose of transporting perishable goods, Such problems are often used in transportation systems in which 
customer response time is of great importance and sensitivity; Therefore, the objectives of the proposed model are to 
find the best location for hubs in the network as well as the best allocation of nodes to hubs so that network transporta-
tion costs are reduced and the maximum travel time between each pair of origin destination nodes is minimized. To 
evaluate the model, a numerical example with CAB dataset is introduced and to review and analyze the results, 
GAMS software with CPLEX solver is used. The results show that the discount coefficient of central hubs compared 
to the discount coefficient of second level hubs has the greatest impact on the cost of transportation and travel time. 
 
Keywords: Hierarchical Hub Center Location, Multi-Objective Optimization, Capacity Constraints, Perishable Goods 
 
* Corresponding Author, E-mail: dadang_mohamad@yahoo.com 

Industrial Engineering  
& Management Systems 
Vol 20, No 4, December 2021, pp.613-620 https://doi.org/10.7232/iems.2021.20.4.613
ISSN 1598-7248│EISSN 2234-6473│ © 2021 KIIE



Mohamad, Ahmed, Widjaja, Alghazali, Guerrero, Fardeeva, and Kalajahi: Industrial Engineering & Management Systems 
Vol 20, No 4, December 2021, pp.613-620, © 2021 KIIE 614
  

 

1. INTRODUCTION 

Hub location problems (HLPs) are used in the design 
of transportation systems (e.g., air and road transport), as 
well as postal systems and telecommunication networks 
(Tikani et al., 2018; Brimberg et al., 2017). The perfor-
mance of these systems is mainly determined based on 
the function of central exchange nodes known as a hub. In 
fact, hub facilities are recognized as switching facilities in 
distribution centers networks. In hub networks, distribu-
tion flows integrate with each other, and the total trans-
portation cost will be much less than the separate flow 
mode due to the coefficient of the economic factor. In 
these problems, the main objective is to find nodes to 
establish a flow in a network that includes demand and 
hub nodes, in a way that the costs could be minimized as 
much as possible (Kartal et al., 2019; Jafari and Pour 
(2018). In fact, hub center problems are among maximal 
minimization issues, which are often used in transporta-
tion systems, where the time to respond to customers’ 
demands is of great sensitivity and importance. In this 
regard, Nagy & Salhi (Taherkhani et al., 2020; Zhao et al., 
2020; Tiwari et al., 2021; Nagy and Salhi, 1998) pre-
sented the mathematical formulation of numerous hub-
related problems and assessed its relationship with differ-
ent problems in distribution management. In addition, 
Farahani et al. (2013) provided a review of all variants of 
HLPs (i.e., network, continuous, and discrete HLPs) for 
guiding future studies in this area. In another study, Graça 
Costa et al. (2008) presented a different approach to the 
capacitated single allocation hub location problem, where, 
instead of using capacity constraints for paths in the hub 
network, they introduced a second objective function to 
the model (besides the traditional cost-minimizing func-
tion), aiming at minimizing the time to process the flow 
entering the hubs. Yaman (2009) studied the problem of 
designing a three-level hub network, where the top-level 
consists of a complete network connecting the so-called 
central hubs and the second and third levels are unions of 
star networks connecting the central hubs to high-level 
hubs and the demand centers to hubs and central hubs, 
respectively. In this model, the problem was developed to 
decide on the locations of hubs and allocation of demand 
nodes to hubs with regard to predetermined routes. Alu-
mur et al. (2012) assessed the hierarchical hub covering 
problem, aiming at minimizing the costs, where two types 
of hubs and hub links, accounting for ground and air 
transportation, were to be established while ensuring 
time-definite deliveries. After conducting a comprehen-
sive sensitivity analysis on the Turkish network with 
CAB data, the results showed that locations of airport 
hubs were less sensitive to the cost parameters compared 
to the locations of ground hubs. In another study, Karimi 
et al. (2014) developed the model of the capacitated sin-
gle allocation hierarchical hub median location problem. 

In addition, they introduced uncertainty into the model, 
taking into account the upward demand. Afterwards, they 
used IAD data and analyzed the results to verify the mod-
el. Arshadi Khamseh and Doost Mohammadi (2014) de-
signed and compared a hierarchical single-allocation hub 
network in the complete and incomplete network struc-
ture of central hubs. However, the incomplete structure of 
central hubs can be efficient due to their similarity to real 
situations and decrease transportation costs. In the fore-
going study, the researchers presented a mixed-integer 
programming model and assessed the CAB dataset in this 
regard. In general, perishable goods transportation has 
certain limitations and requires planning, contrary to other 
products. This is mainly due to the need for aggregation 
of goods and shipments at each product delivery stage 
based on the performance of hub systems to maximize the 
use of discount coefficient in that hub. This leads to more 
constraints in the mechanisms that already exist in sys-
tems with perishable goods. Esmizadeh and Bashiri (2014) 
presented a multi-objective mathematical programming 
model in the hierarchical hub location problem while tak-
ing the perishability of products into account. These scho-
lars mainly aimed to minimize the percentage of waste 
during transportation and network costs while increasing 
product freshness and customer satisfaction. According to 
the results, the proposed hierarchical operational hub lo-
cation model performed better than classical approaches 
for perishable goods.  

Taherkhani et al. (2020) evaluated the capacitated 
hub location problem to minimize the maximum travel 
time between pair of origin-destination nodes. They used 
the Benders decomposition approach because it was an 
NP-hard problem. In this research, various demand 
classes were defined. Zhao et al. (2020) (2) proposed the 
location problem for transportation of postal items with 
the goal of designing a network and determining the loca-
tion, size, and method of communication with the postal 
stations existing in China. To this end, they presented an 
integer programming model, which was optimized in the 
form of an accurate solution. Tivari et al. (2020) (3) pro-
posed alternative solutions for hub location problems in 
competitive situations. Accordingly, a non-linear integer 
mathematical model was proposed and optimized using 
Lagrangian Relaxation Method. According to the results, 
the method had a 1% error rate. Based on the mentioned 
background, the hub location problems have always fo-
cused on the improvement and optimization of how to 
create material flow and transfer in distribution networks. 
The type of goods for delivery and their features are often 
overlooked in problems related to hub arrangement. 
Meanwhile, there is a more limited space for time-related 
mistakes and delays of decision-makers when perishable 
goods are delivered. Therefore, more caution and plan-
ning are required to transfer perishable goods (e.g., agri-
cultural products), compared to other goods. Accordingly, 
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it is crucial to develop a suitable transportation network 
for the distribution of these products. To this end, we fo-
cused on the decrease of travel time and costs of the net-
work by integrating the hierarchical facility layout prob-
lem with the central hub location problem, which deals 
with the minimization of maximum travel time. In addi-
tion, attempts were made to make the model more realis-
tic and present a suitable distribution system for this type 
of product by considering the limited capacity for hubs 
and their multiple allocations.  

2. PROBLEM MODELING 

One of the most important hypotheses in the current 
study is that the issue under study is of p hub center type. 
The potential location of the hub facility is determined 
and in the form of discrete points. In addition, the level of 
demand is constant and determined, which means that 
modeling is carried out in certainty. Demand points are 
allocated in the network in multiple ways. The products 
are perishable and have a specific shelf life. The travel 
time (transportation of goods) between different nodes of 
the network is considered definite and fixed (a function of 
distance). In addition, the network’s structure is hierar-
chical and a three-level network is considered to this end. 
The delivery time of each product in the network must be 
less than its shelf life (maintaining the freshness of prod-
ucts). Moreover, each hub and vehicle in the network has 
limited capacity, while the capacity of the transmission 
routes is considered infinite.  

 
The sets and parameters used in the model include: 
I:  The set of all demand nodes (indexes of I 

and s) 
M I⊆ : The set of potential nodes as the second-

level hub (indexes of j and k) 
C M⊆ : The set of potential nodes as the central hub 

(indexes of h and l) 
1P :  The number of second-level hub nodes in 

the network 
2P :  The number of central hub nodes in the 

network 
isW :  The number of products originated from the 

i-th node and delivered to the s-th node 
(i,s I)∈  

isT :  product delivery time (travel time) between 
the i I∈  and s I∈  nodes 

ma :  Cost discount coefficient between the 
second-level hub and the central hub 

ca :  Cost discount coefficient between the cen-
tral hubs 

'
mα :  Time discount coefficient between the 

second-level hub and the central hub  
'
mα :  Time discount coefficient between the cen-

tral hubs  
iTr :  Processing time in the i-th node 

ijc :  The cost of delivery of each product unit 
from the i-th node to the j-th node, provided 
that the i-th demand node is connected to 
the j-th hub 

Γ j :  The capacity of the second-level hubs 
Γh :  The capacity of central hubs  
 
In addition, the decision variables used in the model 

are, as follows:  
ijhx : 1, if the i-th origin node is allocated to the j-th 

second-level hub and the j-th second-level hub 
is allocated to the h-th central hub; otherwise, 0.  

ijhF :  Product flow level, which is originated from 
the i-th node and passes through the j-th 
second hub and h-th central hub. 

'
iFhl : The amount of flow originated from the i-th 

node, which passes through the h-th central 
hub and l-th central hub.  

hR : The time distance between the supply or de-
mand points and h-th central hub.  

TT : Maximum time of transfer of products between 
each pair of origin-destination. 

 
According to the decision variables and parameters, 

the model will be, as follows:  

( )

{ } { }

'

 is si ij ijh
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j h
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∑

∑ ∑

∑

 (2) 

Min TT  (3) 
 Equation 1 is the first objective function of the 

model, which encompasses three sections that calculate 
goods transportation costs between among nodes, the 
second-level hubs, and the central hubs. In addition, For-
mula 2 is the second objective function of the model, 
which is non-linear but becomes linear in constraints (18). 
The second objective function focuses on the minimiza-
tion of maximal travel time from the origin point to the 
delivery point. Given the nature of products (i.e., perisha-
ble), it is best to minimize the maximum travel time in-
stead of minimizing the total goods transportation time so 
that all products could be delivered with acceptable fresh-
ness.  
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Constraints (4) declare that each hub and non-hub 
node can be allocated to more than one hub. Constraints 
(5) guarantee that the node cannot be connected to the j-th 
low-level hub and h-th central when only when the j-th 

low-level hub is connected to the h-th central hub. Con-
straints (6) ensure that the j-th second-level hub is con-
nected to the h-th central hub only when the h-th hub is 
selected as the central hub. Constraints (7) and (8) show 
the number of the second-level and central hubs. Con-
straints (9) prevents the connection of a central hub to a 
lower-level hub as a demand node. Constraints (10) esti-
mate the total amount of delivery flow, which passes from 
the i-th node of the j-th hub and the h-th central hub. Con-
straints (11) guarantee balance in the input and output 
flow between the central hubs. Constraints (12) and (13) 
ensure that the input flow to the second-level and central 
hubs is less than their capacity. Constraints (14) express 
the time difference between the supply and demand points 
and the central hubs. Constraints (15) express that the 
lowest TT is equal to the highest time distance between 
the pair of points, in a way that the points are connected 
to each other through different central hubs. Constraints 
(16), (17), and (18) calculate the travel time between the 
pair of points based on their allocation to hubs. Con-
straints (19) and (20) determine the type and symbol of 
variables.  

2.1 Bi-objective Model Solution Approach  

Since the model has two objectives of minimization 
of cost of travel between nodes and minimization of tra-
vel time, we used the LP-metric method in GAMS soft-
ware to make the model single-objective. This method 
minimizes the sum of the relative deviations of the targets 
from their optimal value and combines the multiple ob-
jective functions into a single target. The LP-metric me-
thod is applied to assess how much is the solution near an 
ideal one. The mathematical formula of the LP-metric 
method is:  

*

* 
p

i i
i

i I i

Z ZMin Z w
Z∈

⎛ ⎞− ⎟⎜ ⎟= ⎜ ⎟⎜ ⎟⎜⎝ ⎠∑  

( )1 2, , , 1,2, ,i i nZ f x x x i k= … = …  

( )1 2, , , 1,2, ,j n jg x x x b j m… ≤ = …  

0 1, 2, ,ix i n≥ = …  

where 0iw ≥  is the significance (weight) of the i-th ob-
jective. In order to eliminate the problem of the difference 
between the scales of objectives, we divided the level of 
deviation of the ideal solution of the i-th objective into *

iZ , 
which is the optimal value of the i-th objective function 
(independent from other objective functions while consi-
dering the constraints). In addition, 1 p≤ ≤∞ determines 
the degree of emphasis on deviations, in a way that the 
larger its value, the more emphasis on the largest devia-
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tion (3). 

3. NUMERICAL RESULTS  

The presented model is of a linear integer program-
ming type and is solved using GAMS software with the 
CPLEX method. In this example, we assumed 15 demand 
nodes, five potential locations for the second-level hubs, 
four potential locations for central hubs, and two central 

hubs with discount coefficients '
c m c(α 0.7,α 0.9, α= = =

'
m0.6, = . The processing time in each origin node is 

shown in Table 1. The capacity of transfer from each of 
the second-level hubs is considered 100 kg, whereas the 
capacity of transfer from the central hub is considered to 
be 200 kg. The amount of products (kg) and travel time 
(hour) between the two nodes of origin i I∈  and desti-
nation s I∈ are shown in Table 2: 

Figure 1 shows the method of location and alloca-
tion of points, whereas Figure 2 demonstrates the 

Table 1. Processing time of origin nodes (hour) 

Origin node 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Processing time 3 2 2 1 1 3 2 2 1 3 2 1 3 3 2 

Table 2. The amount of products (kg) and travel time (hour) between the i-th origin and s-th destination nodes 

( , ) / ( , )T I S W i s  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
1 0 21 33 47 46 61 71 56 68 36 20 38 51 54 36 
2 4 0 10 22 27 40 61 64 82 36 16 16 32 48 32
3 3 6 0 21 16 32 51 64 85 42 27 10 26 43 26
4 5 2 4 0 26 43 60 70 88 66 38 3 43 57 46 
5 8 4 2 5 0 16 36 46 68 40 27 10 16 32 26 
6 2 7 3 3 2 0 18 41 45 41 44 26 11 26 26
7 4 1 7 2 3 7 0 16 26 31 45 35 22 16 31 
8 3 3 1 4 5 2 3 0 18 22 42 48 33 15 32 
9 1 5 4 3 6 2 4 5 0 32 51 64 53 36 49 
10 2 5 2 3 3 5 6 6 4 0 21 32 33 16 15 
11 3 4 3 5 4 3 2 4 5 7 0 16 33 30 16
12 2 1 3 4 5 2 1 2 3 5 4 0 16 30 16 
13 2 3 1 4 5 5 6 5 2 2 3 2 0 15 15 
14 3 1 2 5 2 6 2 4 4 2 3 1 2 0 16 
15 2 2 4 5 5 6 1 7 4 5 7 5 4 4 0 

 

 
Figure 1. Location and allocation method in the network with 15 demand nodes, 5 hubs and two central hubs (13 & 15). 
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amount of flow of products between the origin and des-
tination nodes when the number of central hubs is equal 
to two.  

In addition, we assessed the sensitivity of the model 
toward a change in the coefficient of discount on cost and 
travel time, and it was aimed to determine that change in 
which level of discount coefficient had the highest impact 
on objective functions. According to Table 3 and the 
comparison of the slopes of their diagrams, it was con-
cluded that the discount coefficient of central hubs had 
the highest effect on transportation costs and travel time.  

4. CONCLUSION  

The time of response to customers’ demands is sensi-
tive and important for the transportation of perishable 
products, which justifies the use of transportation net-
works in the form of exchange points of the central hub. 
In these problems, the main goal is to find points to estab-
lish a flow in a network that encompasses demand and 
hub points in a way that the costs, distance, and transfer 
time are minimized as much as possible. To this end, we 
proposed a mathematical model encompassing two objec-
tives of minimization of transportation costs and minimi-
zation of the maximum travel time between two origin-
destination nodes. To evaluate the model, we introduced a 
numerical example and evaluated the sensitivity of the 
model in two sections relative to a change in the number 

of central hubs and discount coefficients. The results were 
indicative of a higher impact of the discount coefficient of 
the central hubs on objective functions, compared to the 
discount coefficient of the second-level hubs. Therefore, a 
change in this parameter could significantly affect the 
travel time and costs. It is recommended that the current 
problem be expanded for future studies by considering 
uncertainty in effective parameters. Another suggestion is 
to assume the incomplete network of central hubs in the 
problem and establishing more realistic situations. In ad-
dition, large-scale problem-solving methods can be de-
veloped using metaheuristic algorithms. 
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