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Abstract: Facility location is a factor of competitiveness and demand satisfaction. Using a hub on the network can facilitate communication across the network and reduce costs. 
In the current study, with regards to demand uncertainty, operational costs of the hub, and building extra capacity in the hub it has been aimed to develop a mathematical 
programing model for the middle hub location problem with a certain capacity,. Due to the presence of the uncertainty in the problem’s parameters, the possibilistic programing 
approach which is a subset of fuzzy programing has been used. The proposed model has been investigated via GAMS software and the CPLX solver. Finally, the proposed model 
has been validated by the dataset obtained from Iran Aviation Dataset (IAD) for a round-trip, and the proper locations for facilities in each level and allocation of the customers to 
the facilities, were determined by the obtained Pareto analysis answer. 
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1 INTRODUCTION 
 

The hubs are specific facilities that serve as the centers 
for transfer, coordination, and integration in the distribution 
systems. The research on locating and designing the hub 
network has been significantly improved during the last two 
decades. In the complex systems of transportation, 
communication, and computer systems, there are many 
points as the origin and destination among which the flow is 
exchanged. The hub is doing for such purpose [1]. Each of 
the network nodes is connected to one or several hubs and the 
hubs, by the use of these links as well as the links, which exist 
between them, can transfer the flow of information or goods. 
There is a very large set of points in the hub networks and the 
use of hubs has led the link between them to be established 
with a very low number of the links [2]. 

During recent years, the research on the hub points 
location has found an important position in the discussion of 
the location. It has been the result of the increasing use of hub 
points network in the modern systems of transportation and 
communication. Such systems try to meet the trip demands 
or connect the origin and destination in a way that large-scale 
economization is feasible. The use of the hub enables a 
higher number of origins and destinations to connect with 
fewer links. On the other hand, using fewer links in the 
network leads to the concentration of flow and makes the 
proper-scale economization viable [3]. The hub location 
problem was first introduced in the communication and 
transportation industries in which existed several transmitters 
and receivers. The system efficiency in transportation is 
increased by the use of hub points in which the products are 
collected from the origins and distributed in the destinations. 
Regarding the vast usages of the hub points networks as well 
as the product costs index in the competitive market, the 
study of hub points location is of great importance [4]. 

In the second section, the research on hub points location 
has been addressed and in the third section, a certain and 
uncertain model of hub location would be addressed. The 
analysis of the results based on the proposed model under the 

fuzzy conditions has been done in the fourth section. The 
conclusion and suggestions are provided in the fifth section. 
 
1.1 Review of the Related Literature  
  

The hubs are special facilities used as the exchange, 
transfer, and classification points in a large number of 
distribution systems. The hub facilities, instead of serving 
between each origin-destination pair, concentrate the flows 
to use economizations generated by it. The flows are 
combined with a hub from the same origin with different 
destinations on their paths, and then, they are combined with 
the flows with different origins and same destination. In the 
hub location problems, the flows between the origins and 
destinations are indicative of the demand and the hubs act as 
the connection or integration points [5]. Many researchers 
have studied and compared the issues related to the hub 
location such as the different strategies of direct transfer or 
transfer by different terminals as well as the problems related 
to the route design [6]. Hekmatfar and Pishvaee [7] have 
dealt with the Hub Location Problems (HLP). The focus of 
the articles has been initially on the modeling and then its 
optimization under different conditions [8].  

The research conducted on the hub location can be 
classified into three general categories of the simplification 
of the mathematical model and provision of a new model 
with new variables and constraints, provision of new solving 
methods, and changing the model and making it functional. 
The existing literature about the hub location problem 
indicates that the researchers’ approach dealing with this 
subject has been a quantitative one and the qualitative 
discussions in this field have been rarely addressed. Different 
types of the problems investigated in the articles are 
categorized under three categories of problems as middle hub 
location (with the fixed costs of establishment and without 
them), the central hub, and the covering hub [7]. Among the 
features of these problems, the problem space (continuous, 
discrete, and combinational) and the type of the problem’s 
certainty (certain, probable, and fuzzy) can be mentioned. 



Mohammad Reza Shahraki, Shima Shirvani: The Capacitated Multiple Allocation Hub Location Problem under Demand Uncertainty and Excess Capacity with Possibilistic … 

TEHNIČKI GLASNIK 15, 3(2021), 330-338                               331 

The hypotheses which are the main distinctions between 
most of the articles include the building and establishment 
costs (constant or variable), number of the hubs (definite or 
indefinite), the nodes and arcs capacity (limited or unlimited 
capacity), and the type of allocation of the non-hub to hub 
nodes (single-allocation or multiple0allocation). The type of 
the objective function also, based on the problem modeling, 
can be single or multi-objective and the minimization (cost 
or time) and maximization (service or reliability) have been 
considered. After the establishment of the mathematical 
model, the used solving methods (accurate, innovative, meta-
innovative) can create another classification for the problems 
[9]. 

Chen [10] proposed a linear whole number model for a 
single-allocation middle hub location with limited capacity 
and an indefinite number of hubs with a constant cost of 
expression hub establishment. He also provided an 
innovative solution for IT 5. De Sá et al. [11] proposed a 
linear whole number model for the location of a single-
allocation p-middle hub with limited capacity. Taghipourian 
et al. [12] dealt with the investigation of hub location 
problems approach by the use of linear whole number 
programming. Mohammadi et al. [13] dealt with the 
investigation of the hub location problems by the use of the 
colonial competitive algorithm. Yang et al. [14] modeled the 
p-hub by the use of a genetic algorithm which included local 
search. Masaeli et al. [4] dealt with transportation 
programing in hub location problems. Paul et al. [15] 
investigated a multi-objective problem with the maximum 
covered problems to the hierarchical location change. 
Golestani et al. [33] presented a multi-objective green hub 
location problem with several different temperatures for 
perishable products. 

 Mokhtar et al. [2] proposed a model for solving the hub 
location problems. Eghbali-Zarch et al. [16] investigated the 
problem of locating the hub by considering the M/G/C queue 
system. Considering congestion in hubs under uncertainty, 
they presented a new mixed-integer linear programming 
model for an HLP with a ring-structured hub network. 
Wasner and Zäpfel [17] dealt with the programing and 
optimization of a hub routing model for post-service 
vehicles. Fernández and Sgalambro [34] examined hub 
location problem by considering several telecommunications 
companies. 

Mohammadi et al. [18] dealt with the hub location 
problems by the use of game theory and fuzzy numbers. 
Zhalehchian et al. [19] dealt with the hub location 
investigation by the use of an evolutionary algorithm. 
Ernardes Real et al. [20] dealt with the hub location problems 
in the aerial networks. Wu et al. [35] selected the market to 
examine the hub location problem. 

Gelareh et al. [21] dealt with the investigation of the hub 
location problems in transportation. Sadeghi et al. [22], using 
an artificial bee colony algorithm, investigated the problem 
of p-hub coverage with reliable travel time. Mohammadi et 
al. [1] dealt with hub location problems using a metaheuristic 
hybrid. 

Regarding the mentioned research in the field of middle 
hub location, the objective function has been the 

minimization of the transportation and hub establishment 
costs. In the current study, in addition to these costs, the costs 
for building extra capacity and the operational costs inside 
the hub have been also considered, and the demand 
parameters, operational costs, and costs for creating extra 
capacity inside the hub in the uncertainty and fuzzy 
conditions have been investigated. In the current study, a 
mathematical programing model for middle hub location 
problem with the definite capacity and uncertainty in 
demand, operational costs of the hub, and costs for building 
extra capacity have been developed. To encounter the 
problem uncertainty, a possibilistic programing approach 
which is a subset of fuzzy programing has been used.  
 
2 METHODOLOGY 
 

In terms of the type of allocation, the hub location 
minimization problems can be divided into single-allocation 
and multi-allocation hub locations. These two models have 
approximately the same objective with different constraints. 
In the current study, the development of a fuzzy model for 
multi-allocation middle hub location problems with limited 
capacity has been investigated. The model proposed in this 
section is developed from the Skorin-Kapov et al. [23] 
reference model. 

 
Sets and indices 
Nset of nodes 
nset of hub type 
inode number index Nt∈ 
jnode number index NJ∈ 
khub number indexNK∈ 
lhub number indexNI∈ 

 
Decision-making variables: 

 
Wij The demand rate with the flow between the i and j groups 
Cijkl The cost of good transfer from group i to group j by hubs 

k and l 
Fkn The constant cost of hub establishment from the n-type 

in node k 
gkn The variable cost of establishment of each unit of hub 

capacity from the n-type in node k 
knQ The maximum annual capacity of goods crossing in the 

hub from the type n in node k 
knQ The minimum annual capacity of goods crossing in the 

hub from the type n in node k 
Cpkn The operational cost including the separation and 

preparation costs in the hub from the type n in the kth 
Ykn If in the k node, an n-type hub is established, the value 

will be 1 and if not, the value will be 0. 
Xijkl The shortage from the sent flow from i to j which is 

transferred by k and l hubs. 
Qkn The quantity of existing goods from the n-type in the k 

hub 
 

Parameter 
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2.1   The Certain Model of the Problem 
 

The allocation in the current study is multi-type and any 
non-hub point can be linked to more than one hub. The 
number of hubs is not predetermined and the direct link 
between the hubs is not allowable, and the hub network is 
complete. The problem space is discrete. The objective 
function is minimization and single-objective and the arcs 
capacity is infinite.  

The costs for building extra capacity as well as the 
operational costs inside the hub have been also considered. 
The parameters and variables added to the basic model are as 
follows: 
- There is a different operational cost in each hub. 
- There is a different extra capacity building cost in each 

hub. 
- The operational and extra hub capacity building costs, as 

well as the demand costs, have been considered as 
uncertain. 

- There are several hub type options for building the hub 
in a location. 
 
The decision-making variables and indices are initially 

introduced for mathematical modeling of the problem under 
study. The objective function is the minimization of total 
costs including the transportation, hub establishment, extra 
hub capacity, and operational costs inside the hub. The 
constraint (2) guarantees that all Wij demand would be 
supplied. Constraint (3) means that in each site, a maximum 
of one type of hub can be established. Constraints (4) and (5) 
indicate that Xijkl would have a value when it is developed in 
nodes k and l. Constraint (6) is indicative of the quantity of 
hubs in the hub k. The first part is the total number of goods 
input to the hub and the second part is the total number of 
goods output from it. Constraint (7) is a lower limit and 
suggests a maximum limit for the number of the goods inside 
hub k. Constraints (8) indicate the non-negative and without 
shortage flow and the quantity of the existing goods in the 
hub. Constraint (10) also shows the binary state of the hub 
building variable.  
 
Min ij ijkl ijkl kn kn

i N j N k N l N n k N

kn kn kn kn kn kn
n k N n k N n k N

z W C X F Y

F Y g Q Cp Q
∈ ∈ ∈ ∈ ∈

∈ ∈ ∈

= + +

+ + +

∑ ∑ ∑ ∑ ∑∑

∑∑ ∑∑ ∑∑
       (1) 

1                                            , ijkl
k N l N

X i j
∈ ∈

= ∀∑ ∑               (2) 

1                                                     kn
n

Y k≤ ∀∑                  (3) 

                                          , , ijkl kn
l N n

X Y i j k
∈

≤ ∀∑ ∑           (4) 

                                          , , ijkl ln
k N n

X Y i j k
∈

≤ ∀∑ ∑           (5) 

( )     , ij ijkl ji jikl knn
i N j N l N

W X W X Q k n
∈ ∈ ∈

+ ≤ ∀∑ ∑ ∑ ∑             (6) 

                                  , kn kn kn kn knQ Y Q Q Y k n≤ ≤ ∀             (7) 

0                                                         , knQ k n≥ ∀             (8) 

0                                                       , , , ijklX i j k l≥ ∀        (9) 

{ }0, 1                                                   , knY k n∈ ∀            (10) 
 
2.2   The Uncertain Model of the Problem 
 
       There are several methods to encounter uncertainties 
including the mathematical optimization methods, AI-based 
methods, simulation-based methods, and combined methods 
[24]. 
       In the current study, the mathematical optimization 
approach has been used for the application of the uncertain 
conditions of the parameters. This method of encountering 
the uncertainty has been developed by the researchers [25]. 
      The possibilistic programing method is used when there 
is not enough knowledge about the exact values of the input 
data or parameters due to a lack of access to the needed data 
or their inadequacy.  
       In this regard, proper possibilistic distributions based on 
the existing objective data and the subjective preferences of 
the decision-maker are introduced for modeling the vague 
data in the form of fuzzy numbers. These possibilistic 
distributions are indicative of the possibility of occurrence of 
different values of parameters based on the existing historical 
data or the experts’ opinions, or both. The possibility 
distribution is indicative of the possibility rate of possible 
values occurrence for each parameter in the uncertain state. 
It is usually determined based on experts’ opinions and the 
existing data on the intended parameter [26]. 
        Fig. 1 shows a trapezoidal possibility distribution in the 
form of ε1, ε2, ε3 and ε4. The points ε1 and ε4 are indicative of 
the most pessimistic and most optimistic possible values, 
respectively. The points ε2 and ε3, and their distance, are 
indicative of the most possible values which are determined 
by the decision-makers and the experts based on the existing 
data and personal knowledge. In the current study and based 
on the type of the problem being investigated, a trapezoidal 
fuzzy number has been used for modeling the parameters 
with uncertainty. 
 

 
Figure 1 Trapezoidal possibility distribution of uncertain parameter ε  

 
In the possibilistic programing problems, there is one 

possibilistic distribution function considered for each of the 
uncertain parameters. In the literature related to the fuzzy 
models, several methods have been presented to encounter 
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the fuzzy models with uncertain coefficients in constraints 
and objective functions. The method proposed by Liu has 
been used in the current study to change the proposed models 
into their definite counterparts. 

Generally, the credit-based chance-constrained 
programming method is one of the sufficient possibilistic 
programing methods which has the following advantages 
[27]: 
1) It is based on credible mathematical concepts such as the 

expected distances and mathematical expectation of the 
fuzzy numbers. Therefore, it has a strong mathematical 
ground. 

2) It is designed based on the general rating method 
proposed by Liu [27] and can be applied to uncertain 
parameters with different fuzzy membership functions 
such as the triangular and trapezoidal functions. It can be 
also applied to non-linear membership functions in both 
symmetric and asymmetric states. 

3) It enables the decision-maker to adjust the confidence 
level of constraints satisfaction and helps him to satisfy 
some chance constraints in the minimum confidence 
level.  

4) The most significant advantage of this method is the use 
of credit measure which, opposed to the location and 
necessity measure that lacks the self-duality feature, is a 
self-dual measure [28]. In other words, when the credit 
measure is equal to 1, the decision-maker believes that 
the fuzzy event would occur. In addition, when the credit 
measure is equal to 0, he would believe that the fuzzy 
event will not occur (theoretically). However, when the 
fuzzy event possibility is equal to 1, there is still the 
possibility that the event won’t occur. Besides, when the 
necessary measure of a fuzzy event is equal to 0, 
theoretically, there is no guarantee that the event will not 
occur.  

 
Assume that ε  is a fuzzy variable with the membership 

function of μ(x), and r is a real number, the credit measure is 
defined as Eq. (11) [29]. 
 

{ } [ ]1 ( ) 1 ( )
2

                                      

rC r sup x sup x

x r x r

ε µ µ≤ = + −

≤ >
                                   (11) 

 
Since the possibility measure is equal to 
{ } ( ),pos r sup xε µ≤ =  x ≤ r and necessity measure is equal 

to { } 1 ( ),Nec r sup xε µ≤ = − ,  x > r, the credit measure can 
be defined as Eq. (12): 
 

{ } { } { }1 .
2rC r pos r Nec rε ε ε≤ = ≤ + ≤                      (12) 

 
Eq. (12) indicates that the credit measure is, in fact, the 

mean of the possibility and necessity measures. In addition, 
concerning the proposed definitions, Eq. (13) expresses the 
mathematical expectation of variable .ε  
 

[ ] { } { }
0

0

1 1d d
2 2r rE C r r C r rε ε ε

∞

−∞

= ≤ − ≤∫ ∫                   (13) 

 
Now assume that 𝜀𝜀 ̅is a trapezoidal fuzzy number as ε  

= (ε1, ε2, ε3, ε4), then based on the Eqs. (12) and (13), the 
mathematical expectation of this fuzzy number is (ε1, ε2, ε3, 
ε4)/4 and its credit measure is in the form of Eqs. (14) and 
(15). 
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Based on the Eqs. (14) and (15), for each 0.5 > α, the 

following expressions are provable [30]: 
 

{ } 3 4(2 2 ) (2 1)rC r rε α α ε α ε≤ ≥ ↔ ≥ − + −                  (16) 

{ } 1 2(2 1) (2 2 )rC r rε α α ε α ε≥ ≥ ↔ ≥ − + −                  (17) 

{ } 1 22 1 2 2
2 2rC r r α αε α ε ε      = ≥ ↔ ≥ − + −            

     (18) 

{ } 2 32 2 1 2
2 2rC r r α αε α ε ε      = ≥ ↔ ≥ − + −            

    (19) 

 
The Eqs. (16) and (17) can be directly used for changing 

the fuzzy chance constraints into their definite counterparts. 
It should be noted that Liu [27] has also proposed expressions 
like what was mentioned under the title of α critical values 
for changing the fuzzy chance constraints into their definite 
counterparts.  

The uncertainty parameters in the model include the 
followings: 
 Wij is the demand rate or the sent flow between the 
groups i and j. The following parameters are indicative of the 
trapezoidal fuzzy numbers of the demand rate: 
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( )1 2 3 4, , , ij ij ij ijW W W W  

 
Cpkn is the operational cost. The following parameters 

are indicative of the trapezoidal fuzzy numbers for 
operational as follows: 

 

( )1 2 3 4, , , kn kn kn knCp Cp Cp Cp  

 
gkn is the variable cost of building each extra unit of 

capacity in the hub from the type n in node k. The following 
parameters are indicative of trapezoidal fuzzy numbers of 
costs of building each extra unit of capacity in the hub: 
 

( )1 2 3 4, , , kn kn kn kng g g g  

 
In the current study, a combined approach of credit-

based possibilistic programing which uses the mathematical 
expectation for modeling the objective function and a chance 
programing approach for modeling the constraints have been 
applied. This model, unlike the chance-dependent 
programming approaches [31, 32], has not increased the 
number of the basic model’s constraints and does not need 
extra information about the objective function (such as the 
confidence level or ideal value). In addition, this model lacks 
the disadvantages of chance programming and chance-
dependent programming methods. It is also possible to use 
these methods’ advantages in controlling the constraints [26]. 
Regarding the mentioned approach, the uncertain model 
would be as follows: 

 
1 2 3 4

1 2 3 4

1 2 3 4
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≤ ∀∑ ∑                   (23) 
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≤ ∀∑ ∑                   (24) 
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i N j N l N n
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 + − + − ≤ 
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                         , kn kn kn kn knQ Y Q Q Y k n≤ ≤ ∀                    (26) 

0                                                , knQ k n≥ ∀                    (27) 

0                                               , , , ijklX i j k l≥ ∀              (28) 

{ }0, 1                                           , knY k n∈ ∀                    (29) 
0 5 1                                           . kα≤ ≤ ∀                        (30) 
 
3     RESULTS AND DISCUSSION 

 
In this section, the data obtained from the IAD 

(considering 20 nodes) have been used via the proposed 
model, so that the performance and efficiency of this model 
will be investigated. The data in the references are the data 
on the demands for a trip from each province to another. 
Therefore, for the calculation of the transfer costs between 
the origin and destination, the discount factor for transfers 
between the hubs have been generated. In the classic 
problems of hub point location, the costs for hub-to-hub arcs 
transfer are decreased with a constant discount factor 
generically. In this problem, the discount factor has been 
considered to be 0.7. With the assumption that in each center, 
three types of hubs with different costs and capacities can be 
built, the data which are not available (Tab. 1) have been 
generated in invariable intervals, each in three levels.  

The GAMS software Ver.24.1.3 has been used on a 
computer with 4 gigabytes of RAM and Core i5 2.6 GHz 
CPU.  

 
Table 1 The data used in the problem 

Row Data type Data value 
1 Demand flow Available 
2 Distance Available 
3 Building cost An invariable interval [400 and 750] 
4 Capacity building cost An invariable interval [65 and 35] 

5 Maximum capacity An invariable interval  
[9000 and 125000] 

6 Minimum capacity An invariable interval [900 and 2100] 
7 Operational cost An invariable interval [45 and 75] 

 
As was mentioned in section three, α is the confidence 

level value, which is the uncertain parameter constraint per α 
percent of the feasible events. On the other hand, this 
coefficient can take 0.5 to 1 values. The α factor is analyzed 
twice in the current study in a way that once it is considered 
as the variable to determine the value the model itself obtains, 
and once it has been taken as a parameter. In the latter state, 
different values are allocated to the parameter and the results 
have been analyzed. In fact, with the increase in α value, risk-
taking of the decision-maker is also increased and in fact, it 
indicates that how much we are willing to cost and risk so 
that the constraint with the uncertain parameter be feasible 
with the higher confidence level and satisfy the decision-
maker’s confidence level. To respond to the research 
questions, the model solving results are demonstrated in 
tables and figures in a way that the hub points in each phase 
of problem-solving, and the allocated nodes, as well as the 
objective costs, have been investigated.  

 
3.1  Factor α as the Variable  

 
In this mode, the factor α is treated as a variable and the 

model itself would obtain its value. The results are shown in 
Tab. 2 and Fig. 2. The results indicate that the model since 
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the objective function has been minimized has obtained the 
minimum α value to have the lowest risk and cost.  
 

Table 2 The obtained results with taking α as a variable 
The value 

obtained from 
model solving 

α 

Objective 
function value 

The intended 
points for 

building the 
hubs 

Type 
of 

hub 

Model 
solving time 

(s) 

0.5 2.515522×108 2.19 1.1 8781/352 
 

 
Figure 2 The hub points and nodes allocation to the hub with the assumption of 

variable being of factor 
 

3.2 Factor α as the Parameter 
 
In this mode, this factor has been taken as a parameter 

and different values in the allowable range have been 
allocated to it. The selection of this value depends on the rate 
of risk-taking by the decision-maker and with the increase in 
this rate; the intensity of constraint with the uncertain 
parameter is increased. The results are shown in the 
following, in the form of Tab. 3 and Fig. 3. In this mode, the 
results are the same as the mode in which the confidence level 
was taken as a variable (Tabs. 4-8, Figs. 4-8). 
 

Table 3 The results for α = 0.5 

Parameter’s 
value 

Value of 
objective 
function 

The points 
intended for 
hub building 

Type of 
the hub 

Solving 
time (s) 

0.5 3.515522×108 2, 19 1, 1 6.521 
 

Table 4 The results for the hub points and allocated nodes with α = 0.6 

Parameter’s 
value 

Value of 
objective 
function 

The points 
intended for 
hub building 

Type 
of the 
hub 

Solving time 
(s) 

0.6 3.536406×108 2, 19 1, 2 3.556 
 
Table 5 The results for the hub points and allocated nodes with α = 0.7 

Parameter’s 
value 

Value of 
objective 
function 

The points 
intended for 
hub building 

Type 
of the 
hub 

Solving time 
(s) 

0.7 3.647931×108 19, 17, 3 2, 1, 3 3.453 
 

Table 6 The results for the hub points and allocated nodes with α = 0.8 

Parameter’s 
value 

Value of 
objective 
function 

The points 
intended for 
hub building 

Type 
of the 
hub 

Solving 
time (s) 

0.8 3.756350×108 15, 17, 12 2, 2, 3 3.582 
 

Table 7 The results for the hub points and allocated nodes with α = 0.9 

Parameter’s 
value 

Value of 
objective 
function 

The points 
intended for 
hub building 

Type 
of the 
hub 

Solving time 
(s) 

0.9 3.886346×108 20, 19, 17 2, 2, 3 3.591 
 
Table 8 The results for the hub points and allocated nodes with α = 1 

Parameter’s 
value 

Value of 
objective 
function 

The points 
intended for 
hub building 

Type of 
the hub 

Solving 
time (s) 

1 4.212080×108 15, 19, 17, 12 1, 2, 2, 3 3.623 
 

 
Figure 3 The hub points and allocated nodes with α = 0.5 

 

 
Figure 4 The hub points and allocated nodes with α = 0.6 
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Figure 5 The hub points and allocated nodes with α = 0.7 

 

 
Figure 6 The hub points and allocated nodes with α = 0.8 

 
Table 9 The model solving results with consideration of the confidence level as a 

variable 
The value of α 
obtained from 
model solving 

Value of 
objective 
function 

The points 
intended for 
hub building 

Type 
of the 
hub 

Solving 
time (s) 

0.5 3.515522×108 2.19 1.1 8781.352 
 
α is the confidence level value which is the uncertain 

parameter constraint per α percent of the feasible events. On 
the other hand, this coefficient can take 0.5 to 1 values. The 
α factor is analyzed twice in the current study in a way that 
once it is considered as the variable to determine the value 
the model itself obtains, and once it has been taken as a 
parameter. In the latter state, different values are allocated to 
the parameter and the results have been analyzed. According 
to the results obtained in Tab. 9, when we consider the 
confidence level of feasibility of the constraint as a variable, 
the model solving obtains the minimum value, which is 0.5, 
for the confidence level factor since the objective function is 

minimized and through obtaining the minimum confidence 
level, lower costs would be incurred.  

 

 
Figure 7 The hub points and allocated nodes with α = 0.9 

 

 
Figure 8 The hub points and allocated nodes with α = 1 

 
Table 10 The results obtained from the model solving with the change in 

confidence level parameter in the allowable range 

Row Value  
α 

Value of 
objective 
function 

The points 
intended for 
hub building 

Type of 
the hub 

Solving 
time (s) 

1 0.5 3.515522×108 2,19 1,1 6.521 
2 0.6 3.536406×108 2,19 1,2 3.556 
3 0.7 3.647931×108 19,7,3 2,1,3 3.453 
4 0.8 3.756350×108 15,17,12 2,2,3 3.582 
5 0.9 3.886346×108 20,19,17 2,2,3 3.591 
6 1 4.212082×108 20,19,17,12 1,2,2,3 3.623 

 
Then, the confidence level factor has been taken as a 

parameter and different values in the allowable range have 
been allocated to it so that the model’s behavior can be 
investigated. Besides, each of the change modes of this 
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factor, the number of hub points, and allocated nodes to the 
hub were determined. Tab. 10 shows a summary of the 
results. 

Tab. 10 shows the sensitivity analysis on the values of 
parameter α and each case of a parameter change, the costs, 
problem-solving time, and the intended hub points, as well as 
their types, have been determined. As seen in the table, with 
the increase in parameter α, the objective function value has 
been also increased, which is shown in Fig. 9. The higher the 
confidence level rate, the more conservative the decision will 
be in a way that the number of hub points is increased and 
the hub type is also changed. Therefore, regarding the 
conducted validation, this model can be used for hub location 
in the presence of uncertainty through the use of experts’ 
opinions for the determination of the range of the uncertain 
parameters. By this possibility, the decision-maker would be 
able to satisfy some chance constraints in the lowest 
confidence level. 

The numbers in the proposed model analysis have been 
obtained by the GAMS software. 
 

 
Figure 9 The graph of the changes in costs per increase in the confidence level 

parameter 
 

4 CONCLUSIONS 
 

The main objective of the hub location models is the 
selection of the proper hub points from the potential points 
and allocation of the non-hub point to selected hub points by 
the model. Its objective function is the minimization of the 
total costs of transportation between the nodes and the hub 
building costs. A single-objective linear model has been 
developed in the current study which is, in fact, a more 
advanced variant of hub models. In this model, in addition to 
the hub building costs and the transportation costs, the extra 
capacity building inside the hub and the operational costs 
have been also considered. On the other hand, regarding the 
fact that the objective is to apply uncertain conditions, the 
demand parameters, operational costs, and extra capacity 
building costs have been also considered to be uncertain and 
these uncertain parameters have been represented by 
trapezoidal fuzzy numbers. In the following, the introduced 
fuzzy programing was used and the model was rewritten in 
the form of a linear programing model. The proposed model 

was solved by standard optimization software and the hubs 
and the nodes allocated to them were determined. The results 
indicated that with the change in the feasibility confidence 
level of the constraint with the uncertain parameter, the costs 
are also increased and the number of the type of hubs is 
changed as well. It is also tangible in the real world since we 
incur additional costs as decisions become more stringent, so 
it can be mentioned that the more the uncertainty, the higher 
the costs. Therefore, with consideration for the experts’ 
opinions about the range of uncertain parameters this model 
can be used for middle hub location problems under 
uncertainty. Through this model, the decision-maker, with 
the lowest confidence level, would be able to satisfy some 
constraints with uncertain parameters. It is suggested that 
future studies use an innovative or meta-innovative approach 
for solving the problem at larger scales. Also, proportionate 
to the increase in hub capacity, the operational costs can be 
increased step-by-step. 
 
5 REFERENCES  
 
[1] Mohammadi, M., Jula, P., & Tavakkoli-Moghaddam, R. 

(2019). Reliable single-allocation hub location problem with 
disruptions. Transportation Research Part E: Logistics and 
Transportation Review, 123, 90-120. 
https://doi.org/10.1016/j.tre.2019.01.008 

[2] Mokhtar, H., Krishnamoorthy, M., & Ernst, A. T. (2019). The 
2-allocation p-hub median problem and a modified Benders 
decomposition method for solving hub location 
problems. Computers & Operations Research, 104, 375-393. 
https://doi.org/10.1016/j.cor.2018.09.006 

[3] Alumur, S. A., Nickel, S., & Saldanha-da-Gama, F. (2012). 
Hub location under uncertainty. Transportation Research Part 
B: Methodological, 46(4), 529-543. 
https://doi.org/10.1016/j.trb.2011.11.006 

[4] Masaeli, M., Alumur, S. A., & Bookbinder, J. H. (2018). 
Shipment scheduling in hub location problems. Transportation 
Research Part B: Methodological, 115, 126-142. 
https://doi.org/10.1016/j.trb.2018.07.003 

[5] Campbell, J. F., Ernst, A. T., & Krishnamoorthy, M. (2002). 
Hub Location Problems. Facility Location: Applications and 
Theory, Heidelberg, Germany, 373-408. Available at: 
http://works.bepress.com/james-campbell/54/ 

[6] Campbell, J. F., Ernst, A. T., & Krishnamoorthy, M. (2005). 
Hub arc location problems: part I—introduction and 
results. Management Science, 51(10), 1540-1555. 
https://doi.org/10.1287/mnsc.1050.0406 

[7] Hekmatfar, M., & Pishvaee, M. (2009). Hub location problem. 
In Facility Location (pp. 243-270). Physica, Heidelberg. 
https://doi.org/10.1007/978-3-7908-2151-2_11 

[8] Skalna, I., Rębiasz, B., Gaweł, B., Basiura, B., Duda, J., Opiła, 
J., & Pełech-Pilichowski, T. (2015). Advances in fuzzy 
decision making. Studies in Fuzziness and Soft 
Computing, 333. https://doi.org/10.1007/978-3-319-26494-3 

[9] Sarvari, P. A., Yeni, F. B., & Çevikcan, E. (2018). Hub 
Location Allocation Problems and Solution Algorithms. 
In Handbook of Research on Applied Optimization 
Methodologies in Manufacturing Systems (pp. 77-106). IGI 
Global. https://doi.org/10.4018/978-1-5225-2944-6.ch005 

[10] Chen, J. F. (2007). A hybrid heuristic for the uncapacitated 
single allocation hub location problem. Omega, 35(2), 211-
220. https://doi.org/10.1016/j.omega.2005.05.004 



Mohammad Reza Shahraki, Shima Shirvani: The Capacitated Multiple Allocation Hub Location Problem under Demand Uncertainty and Excess Capacity with Possibilistic … 

338                                                                                                                                                                               TECHNICAL JOURNAL 15, 3(2021), 330-338 

[11] de Sá, E. M., de Camargo, R. S., & de Miranda, G. (2013). An 
improved Benders decomposition algorithm for the tree of 
hubs location problem. European Journal of Operational 
Research, 226(2), 185-202. 
https://doi.org/10.1016/j.ejor.2012.10.051 

[12] Taghipourian, F., Mahdavi, I., Mahdavi-Amiri, N., & Makui, 
A. (2012). A fuzzy programming approach for dynamic virtual 
hub location problem. Applied Mathematical Modelling, 36(7), 
3257-3270. https://doi.org/10.1016/j.apm.2011.10.016 

[13] Mohammadi, M., Jolai, F., & Tavakkoli-Moghaddam, R. 
(2013). Solving a new stochastic multi-mode p-hub covering 
location problem considering risk by a novel multi-objective 
algorithm. Applied Mathematical Modelling, 37(24), 10053-
10073. https://doi.org/10.1016/j.apm.2013.05.063 

[14] Yang, K., Liu, Y. K., & Yang, G. Q. (2013). Solving fuzzy p-
hub center problem by genetic algorithm incorporating local 
search. Applied Soft Computing, 13(5), 2624-2632. 
https://doi.org/10.1016/j.asoc.2012.11.024 

[15] Paul, N. R., Lunday, B. J., & Nurre, S. G. (2017). A 
multiobjective, maximal conditional covering location 
problem applied to the relocation of hierarchical emergency 
response facilities. Omega, 66, 147-158. 
https://doi.org/10.1016/j.omega.2016.02.006 

[16] Eghbali-Zarch, M., Tavakkoli-Moghaddam, R., & Jolai, F. 
(2019). A Robust-Possibilistic Programming Approach for a 
Hub Location Problem with a Ring-Structured Hub Network 
under Congestion: An M/G/C Queue System. International 
Journal of Industrial Engineering, 26(3), 273-300 

[17] Wasner, M., & Zäpfel, G. (2004). An integrated multi-depot 
hub-location vehicle routing model for network planning of 
parcel service. International journal of production 
economics, 90(3), 403-419. 
https://doi.org/10.1016/j.ijpe.2003.12.002 

[18] Mohammadi, M., Tavakkoli-Moghaddam, R., Siadat, A., & 
Rahimi, Y. (2016). A game-based meta-heuristic for a fuzzy 
bi-objective reliable hub location problem. Engineering 
Applications of Artificial Intelligence, 50, 1-19. 
https://doi.org/10.1016/j.engappai.2015.12.009 

[19] Zhalechian, M., Tavakkoli-Moghaddam, R., & Rahimi, Y. 
(2017). A self-adaptive evolutionary algorithm for a fuzzy 
multi-objective hub location problem: An integration of 
responsiveness and social responsibility. Engineering 
Applications of Artificial Intelligence, 62, 1-16. 
https://doi.org/10.1016/j.engappai.2017.03.006 

[20] Real, L. B., O'Kelly, M., de Miranda, G., & de Camargo, R. S. 
(2018). The gateway hub location problem. Journal of Air 
Transport Management, 73, 95-112. 
https://doi.org/10.1016/j.jairtraman.2018.08.006 

[21] Gelareh, S., Monemi, R. N., & Nickel, S. (2015). Multi-period 
hub location problems in transportation. Transportation 
Research Part E: Logistics and Transportation Review, 75, 67-
94. https://doi.org/10.1016/j.tre.2014.12.016 

[22] Sadeghi, M., Tavakkoli-Moghaddam, R., & Babazadeh, R. 
(2018). An Efficient Artificial Bee Colony Algorithm for a P-
Hub Covering Location Problem with Travel Time Reliability. 
International Journal of Industrial Engineering, 25(1). 

[23] Skorin-Kapov, D., Skorin-Kapov, J., & O'Kelly, M. (1996). 
Tight linear programming relaxations of uncapacitated p-hub 
median problems. European journal of operational research, 
94(3), 582-593. https://doi.org/10.1016/0377-2217(95)00100-X 

[24] Peidro, D., Mula, J., Poler, R., & Lario, F. C. (2009). 
Quantitative models for supply chain planning under 
uncertainty: a review. The International Journal of Advanced 
Manufacturing Technology, 43(3-4), 400-420. 
https://doi.org/10.1007/s00170-008-1715-y 

[25] Klibi, W., Martel, A., & Guitouni, A. (2010). The design of 
robust value-creating supply chain networks: a critical review. 
European Journal of Operational Research, 203(2), 283-293. 
https://doi.org/10.1016/j.ejor.2009.06.011 

[26] Pishvaee, M. S., Razmi, J., & Torabi, S. A. (2012). Robust 
possibilistic programming for socially responsible supply 
chain network design: A new approach. Fuzzy sets and 
systems, 206, 1-20. https://doi.org/10.1016/j.fss.2012.04.010 

[27] Liu, B. (2004). An Introduction to its Axiomatic Foundations 
Uncertainty Theory. 

[28] Li, X., & Liu, B. (2006). A sufficient and necessary condition 
for credibility measures. International Journal of Uncertainty, 
Fuzziness and Knowledge-Based Systems, 14(05), 527-535. 
https://doi.org/10.1142/S0218488506004175 

[29] Liu, B., & Liu, Y. K. (2002). Expected value of fuzzy variable 
and fuzzy expected value models. IEEE transactions on Fuzzy 
Systems, 10(4), 445-450. 
https://doi.org/10.1109/TFUZZ.2002.800692 

[30] Zhu, H., & Zhang, J. (2009, November). A credibility-based 
fuzzy programming model for APP problem. In 2009 
International Conference on Artificial Intelligence and 
Computational Intelligence (Vol. 1, pp. 455-459). IEEE. 
https://doi.org/10.1109/AICI.2009.204 

[31] Huang, X. (2007). Chance-constrained programming models 
for capital budgeting with NPV as fuzzy parameters. Journal 
of Computational and Applied Mathematics, 198(1), 149-159. 
https://doi.org/10.1016/j.cam.2005.11.026 

[32] Yang, L. & Liu, L. (2007). Fuzzy fixed charge solid 
transportation problem and algorithm. Applied soft computing, 
7(3), 879-889. https://doi.org/10.1016/j.asoc.2005.11.011 

[33] Golestani, M., Moosavirad, S. H., Asadi, Y., & Biglari, S. 
(2021). A Multi-Objective Green Hub Location Problem with 
Multi Item-Multi Temperature Joint Distribution for Perishable 
Products in Cold Supply Chain. Sustainable Production and 
Consumption. https://doi.org/10.1016/j.spc.2021.02.026 

[34] Fernández, E. & Sgalambro, A. (2020). On carriers 
collaboration in hub location problems. European Journal of 
Operational Research, 283(2), 476-490. 
https://doi.org/10.1016/j.ejor.2019.11.038 

[35] Wu, T., Shi, Z., & Zhang, C. (2021). The hub location problem 
with market selection. Computers & Operations Research, 
127, 105136. https://doi.org/10.1016/j.cor.2020.105136 

 
 
Authors’ contacts: 
 
Mohammad Reza Shahraki, Assistant Professor 
(Corresponding author) 
Industrial Engineering Department,  
University of Sistan and Baluchestan,  
University Blvd, 98167-45845 Zahedan, Iran 
E-mail: mreza.shahraki@iran.ir 
 
Shima Shirvani, Post Graduate Student 
Industrial Engineering Department,  
University of Sistan and Baluchestan,  
University Blvd, 98167-45845 Zahedan, Iran 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


