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Introduction
A disaster may occur at any time and place and this is often 
without prior warning. Several natural disasters, which cause 
mass casualties, occur in the world every year. Crisis is a natural 
or synthetic event that occurs suddenly or over the time and 
imposes hardship on society, and urgent and emergency actions 
are needed to overcome these hardships.1 Events and disasters 
can be categorized as follows:

•• Natural and sudden disasters such as avalanches, earth-
quakes, floods, dam destruction, storms, tornadoes, 
droughts and so on.

•• Man-made and sudden events such as building collapse, 
chemical explosions, nuclear explosions, fires and chemi-
cal pollution.

•• Man-made and long lasting events, including internal 
conflicts, international wars, and so on.

To deal with natural disasters and crises, there is a need for 
crisis management that is a set of specific operations and 

processes that are designed to prevent and mitigate the effects 
of the crisis in the 3 stages of pre-crisis, during the crisis and 
post-crisis.2 There are different approaches to dividing the 
phases of disaster management operations.3 One of these 
approaches divides the phases of disaster management opera-
tions into 4 phases: prevention, preparation, response, and 
recovery.4 Figure 1 shows the order of these phases starting 
from disasters. The duration of each phase is different depend-
ing on the type and severity of disasters. It should be noted that 
the above steps are repeated in a cycle.5

In the event of a crisis, the need for medical goods and relief 
products is well felt due to injuries and damage caused by it and 
rescue of many injuries and victims is dependent on the timely 
provision of relief supplies and equipment. Therefore, there 
should be a valid and reasonable planning for such critical situ-
ation which by timely supplying and distributing the required 
items, to create the opportunities to be used in urgent and 
emergency situation. Providing health and medical items that 
are needed by healthcare centers such as hospitals and health 
centers and managing them in normal and critical situation is a 
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challenge that the health systems are faced with it. There is 
always a demand for medical items, but the demand for these 
products is somewhat erratic. In other words, the demand for 
these items is often random and is not the same in different 
conditions.2 Several studies have considered uncertainty in the 
supply chain (SC) problems. In addition, due to the nature of 
crisis, which often ocuurs all of a sudden, crisis is associated 
with some uncertainty parameters. Parameters such as demand 
and travel time are usually non-deterministic that should be 
dealt with an appropriate approach.

In a classification, relief items are divided into 2 main cate-
gories of consumable and non-consumable. Figure 2 shows the 
classification of relief items.

Consumable relief items are delivered to the affected people 
several times, while non-consumable relief items are delivered 
one time. Non-consumable operational relief items are required 
to set up an operation, while non-operational ones are required 
to meet the essential needs of the affected population.6 The 

equilibrium of supply and demand for these products is diffi-
cult in an efficient way because most of the medical products 
are perishable and this makes it harder to manage such strate-
gic products. If the perishable medical products are not deliv-
ered properly and timely to the demand centers, they are 
exposed to corruption and are no longer usable and this makes 
it difficult to plan for medical items, and it is necessary to con-
sider the special sensitivity to supply and distribute these goods. 
In addition, unlike some other goods in the supply chain, that 
the shortage of them is allowed with a penalty, the shortage of 
medical and relief supplies is not acceptable at all since it leads 
to death and crisis. For all of the above reasons, designing an 
appropriate SC for supplying and distributing the medical 
products for crisis situation is a matter to take special care and 
consider all its components. One of the necessary and urgent 
actions in crisis management is the provision of adequate blood 
for the victims. As a result, in this study, a fuzzy bi-objective 
mixed-integer programing (MIP) model is proposed for the 
appropriate planning of transportation of perishable goods in 
crisis situation. The main goals of the currect study are men-
tioned as follows:

•• Investigating the impact of demand uncertainty in the 
supply chain network,

•• Planning facility locations and assigning demand points 
to these locations,

•• Detailed planning for transportation of perishable goods,
•• Considering the perishability threshold of perishable 

medical goods,
•• Presenting different approaches to solve problems in dif-

ferent dimensions

One of the significant contributions of the current research is 
to consider the uncertainty in the demand of service recipients 
(customers) and also the duration of the presence of medical 
goods in intermediate warehouses with an exponential proba-
bility distribution function to make the presented model close 
to real-world conditions. In addition, the important character-
istics of medical goods and relief items that are usually perish-
able and have a certain life span are taken into account.

The rest of the paper is organized as follows: In Section 2, 
the relevant literature is reviewed. The problem description, 
model formulation, and solution methods are described in 
Section 3. In Section 4, numerical experiments, interpretation 
of results of the 3 methods and sensitivity analysis of the mod-
el’s main parameters are presented. In addition, the application 
of the proposed model to an actual case study is provided. 
Eventually, the conclusions and suggestions for future research 
are presented in Section 5.

Literature Review
Fahimnia et al7 presented a comprehensive literature review of 
transportation problems and classified integrated production 

Figure 1.  Four phases of crisis management cycle.

Figure 2.  Classification of relief items.
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and distribution planning models into 7 general chapters. 
Since these models have a lot of abundance, all of them are not 
mentioned here, and only a variety of these models are men-
tioned. The general models for designing the production and 
transportation network include the following categories. An 
article is presented as an example for each of the following 
categories.

•• Transportation model for a product,8
•• Multi-product transportation model with a production 

unit,9
•• Multi-product with several units, with or without a 

warehouse,10

•• Multi-product with several units, with several ware-
houses, with or without a final consumer,11,12

•• Multi-product with several units, with several ware-
houses, with several final consumers, with a single trans-
portation route,13,14

•• Multi-product with several production units, with sev-
eral warehouses, with several final consumers, with sev-
eral transportation routes, and single-period,15,16

•• Multi-product with several production units, with sev-
eral warehouses, with several final consumers, with sev-
eral transportation routes, and multi-period.17

The category above is the classification of the models presented 
in the field of goods transportation based on the type of model 
used. Another approach that often exists in research classifica-
tion is classification based on the model solution method. The 
solution models include 4 general categories: mathematical 
methods,18 heuristic algorithms,19 simulation methods,20 and 
meta-heuristic algorithm.17

On the other hand, various approaches have been used in 
dealing with uncertainty.21 In some papers, the researchers pre-
sented a robust optimization model with regard to uncertainty 
in demand. This model integrates the entire supply, production, 
and distribution processes of a company, and all of these were 
identified in a comprehensive model by considering demand 
uncertainty in different parts.22,23 In these papers, a probabilis-
tic and scenario-based approaches were used to address these 
uncertainties. In addition to the probabilistic and scenario-
based approaches, the fuzzy approach has also been used by 
researchers to address the uncertainty. For example, Torabi and 
Hassini24 provided an integrated fuzzy goal programing model 
for supplying, distributing and transporting the goods.

Rezaei-Malek et al.25 designed a robust SC model for trans-
portation of perishable commodities in crisis situation. The 
authors could bring the proposed model closer to the real-world 
conditions by considering the time windows and various sce-
narios for the severity of disasters. Cheraghi et al.26 modeled the 
blood SC in crisis situation. The proposed model is a multi-
objective mixed integer programing. Tavana et al.27 presented a 
hybrid location, inventory, and routing model for the relief and 

rescue SC in pre and post-crisis situation. They provided 2 
models for planning before and after a crisis. Noham and Tzur28 
explored a model for a humanitarian SC to determine the post-
crisis decisions. In this research, they provided a hybrid location, 
inventory, and routing model for a rescue and relief supply 
chain. Zahraee et al.29 aimed at improving the efficiency of the 
blood SC system using the Taguchi method and dynamic simu-
lation. They also implemented their model on the Iranian Blood 
Transfusion Organization. Habibi-Kouchaksaraei et  al.30 pre-
sented a bi-objective, multi-echelon robust model for the blood 
SC in crisis situation. In this chain, three levels include the sup-
plier, processing, and distribution. The problem objectives 
include minimizing total cost, as well as satisfying blood needs. 
Table 1 shows a summary of the literature review of the research. 
Also, Zahiri et al.31 developed a bi-objective mathematical pro-
graming model to design the pharmaceutical SCN. Goodarzian 
et al.32 proposed a fuzzy mixed-integer non-linear programing 
(MINLP) model for the pharmaceutical SC problem and solved 
it using the meta-heuristic algorithms. Sinha and Anand33 
employed a meta-heuristic algorithm to solve the SCN of per-
ishable products. Zandkarimkhani et  al.34 introduced a bi-
objective optimization model for the perishable pharmaceutical 
SCN design considering the uncertainty of demand. Franco 
and Alfonso-Lizarazo35 proposed a MIP model for the phar-
maceutical SCN problem and solved it with the epsilon-con-
straint method. Goodarzian et al.36 introduced a MIP model for 
the medicine SCN problem considering uncertainty and applied 
the meta-heuristic algorithms to solve the problem. In addition, 
Goodarzian et al.37 addressed multiple objectives, multiple peri-
ods, multiple levels, and multiple products for a sustainable 
medical supply chain network. Fatemi et  al.38 developed a 
multi-objective mathematical programing model for the phar-
maceutical SCN and solved it using the GAMS optimization 
software. Khalili-Damghani et al.39 developed a mathematical 
model considering 2 levels and 2 echelons for minimizing the 
costs of pre-disaster and maximizing the coverage areas of post-
disaster relief. They employed a geographic information system 
(GIS) to categorize the disaster areas and identify the location 
and optimal number of distribution centers provided keeping 
the inventory costs of relief supplies’ as minimum as possible. 
They also exploited a simulation model for estimating the 
demands of relief supplies. Lotfi et  al.40 suggested a multi-
objective nonlinear model for designing the pharmaceutical 
SCN and solved it using the LP-metric method with the 
GAMS software. Kochakkashani et al.41 proposed a MIP model 
for the pharmaceutical SCN clustering with K-means. 
Goodarzian et  al.42 introduced a Fuzzy Inference System for 
forecasting medical wastes related to the COVID-19. They also 
proposed a fuzzy sustainable model for minimizing supply 
chain costs and the environmental consequences of medical 
waste while establishing detoxification centers ensuring effec-
tive management of social responsibility initiatives during the 
COVID-19 epidemic.
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According to the literature review, few studies have consid-
ered the SCN problem of perishable medical goods in crisis 
situation. In other words, the particular characteristics and 
conditions of crisis have been neglected. For example, in the 
event of a crisis, some parameters such as time and demand are 
uncertain. Moreover, the features of medical goods and relief 
items that are often perishable and have a certain lifespan have 

been overlooked in numerous research works. In addition, the 
relevant studies have focused solely on locating or routing 
problems. To this end, in the current study, a fuzzy bi-objective 
MIP model is presented for the SCN of perishable medical 
goods in crisis situation taking the uncertainty into account. In 
this model, the practical and real-world conditions such as the 
uncertainties associated with the customer demand and the 

Table 1.  A summary of the related studies.

Author(s) Year Description Fuzzy Scenario Probabilistic Objective 
function(Minimizing)

Sollution 
approach

Network 
design

Nagurney 
et al.43

2010 Providing a blood SC 
model, including 
collection centers, 
laboratory facilities, 
storage facilities and 
distribution centers

P costs Euler 
algorithm

Location-
allocation

Alfonso et al44 2012 Studing the blood 
collection problems 
by considering 
different blood 
collection processes, 
blood donor 
behaviors and 
required human 
resources

P costs Simulation 
technique

Location-
allocation

Salehi et al.45 2019 Developing a robust 
stochastic model for 
designing a blood 
SCN in a crisis

P costs Stochastic 
programing

Location-
allocation

Khalilpourazari 
and Arshadi 
Khamseh and 
Khamseh46

2019 Bi-objective 
emergency blood 
SCN
design in earthquake 
considering 
earthquake 
magnitude

costs Exact 
method

Location-
allocation

Diabat et al.47 2019 A perishable product 
SCN problem with 
reliability and 
disruption
considerations

P costs Exact 
method

Location-
allocation

Safaei et al.48 2020 Emergency logistics 
planning under 
supply risk
and demand 
uncertainty

uncovered demand and 
total cost

Exact 
method

Location-
allocation

Goodarzian 
et al. (2020)

2020 A fuzzy robust 
multi-objective 
model for the 
pharmaceutical SCN

P costs Meta-
heurisct 
algorithsm

;Location-
allocation

Fatemi et al.38 2022 A multi-objective 
mathematical model 
for the 
pharmaceutical SCN

P costs, unmet demands, 
and waiting time

Exact 
method and 
meta-
heurisct 
algorithm

Location-
allocation

Kochakkashani 
et al.41

2023 A single-objective 
mathematical model 
for the SCN design 
of vaccine and 
pharmaceutical 
clusters

P costs Stochastic 
programing

Location-
allocation
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presence duration of medical goods and relief items in interme-
diate warehouses are considered using the exponential proba-
bility distribution. In addition, it is assumed that the perishable 
medical goods follow the Weibull distribution function to 
improve the accuracy of the model.49-54 The perishable medical 
goods SC is accompanied by high uncertainty. This uncertainty 
in demand can be in terms of the place and time of demand as 
well as the amount and type of demand. Since facilities and 
distribution networks might be partially or completely inter-
rupted by disaster, access to the transportation network, 
required time to pass through each route of the network, and 
transportation costs are associated with uncertainty. In addi-
tion, it should be noted that the generosity of donors cannot be 
predicted. Also, in case of a disaster occurrence, the capacity of 
suppliers and the stock stored in permanent medical goods dis-
tribution centers may be partially or completely disrupted. 
Hence, there is a high degree of uncertainty in the supply of 
medical goods and relief items.

Modeling
Problem description

In this paper, a fuzzy bi-ojective mathematical programing 
model is developed for the three-level SCN problem of the 
perishable medical goods assuming that the corruption of 
medical products follows the Weibull probability distribution.

The Weibull random variable is a random variable with 
continuous values based on non-negative real numbers. As a 
result, in cases where the random variable is related to life span, 
this distribution can be used.50 The Weibull distribution is a 
continuous probability distribution used to model lifetime and 
failure time. This distribution has high flexibility and can 
model a wide range of failure behaviors, including premature 
failures, wear-out, and random failures. The Weibull distribu-
tion parameters include the shape and scaling parameters. The 
shape parameter determines the shape of the distribution and 
the scaling parameter determines the scale of the distribu-
tion.52,53 The Weibull distribution can model a wide range of 
failure behaviors. Weibel distribution is easy to understand and 
use, which makes it useful in various fields. Weibel distribution 
is used in various sciences and in many fields, including medi-
cal sciences. Weibel distribution can be used in survival time 
modeling to check the life of patients, check the life of medical 
parts and analyze errors.54 In engineering sciences, the Weibull 
distribution is used as a useful tool in modeling the lifetime of 
pipelines, electrical and mechanical systems, electronic compo-
nents, and manufacturing and assembly systems. This distribu-
tion can help to analyze the behavior of parts reduction and 
predict their life. Weibel distribution can be used in buyer 
behavior modeling, product and project performance analysis, 
delivery time modeling and supply chain management. In gen-
eral, the Weibel distribution with its diverse properties is a 
powerful tool for modeling complex behaviors and analyzing 
data that simultaneously has the property of reducing the 

exponential distribution function and the shape of the Weibel 
distribution. It should be noted that this distribution has been 
used in many articles related to the life of the product and the 
results presented are acceptable and close to reality.51 In addi-
tion, Chołodowicz and Orłowski and Orłowski49 demonstrated 
that the accuracy of modeling can be increased by the applica-
tion of the Weibull distribution function to perishability. That 
is, the higher the presence of each relief item in the SC, the 
higher the probability of its corruption.The SC levels include: 
(1) suppliers of items, (2) intermediate warehouses, and (3) 
final customers.

The present supply includes three main levels, the custom-
ers for medical goods and relief items are at the first level of 
chain that are denoted by set I: {i = 1, 2, 3, .  .  ., |I|}, and the 
amount of each customer’s demand (d i) is considered as a tri-
angular fuzzy number. Zadeh55 introduced the fuzzy sets the-
ory for displaying the verbal assessment and linguistic judgment 
associated with the decision-making processes as well as deal-
ing with ambiguity and uncertainty corresponding with the 
real-world decision-making processes. Fuzzy set theory has 
been broadly applied to deal with the uncertainty because of its 
several advantages that can be briefly explained as follows56:

(a) Fuzzy sets theory can be exploited when there is no his-
torical data for the parameter and no probability distribution 
function can be attributed to that parameter. (b) Unlike the 
probabilistic method, in which the dimensions of the problem 
increase significantly with transforming the non-deterministic 
model into its deterministic equivalent, the crisp equivalent of 
a fuzzy model, which is the same as the deterministic equiva-
lent, does not change the dimensions of the problem.

At the second level, there are potential intermediate ware-
houses displayed by set J: { j = 1, 2, 3, .  .  ., |J|}) that receive, store, 
and transfer relief items from suppliers at the third level, and 
play the role of interface between 2 levels. The proposed model 
seeks to select the optimal intermediate warehouses as well as 
the optimal amount of flow from suppliers to intermediate 
warehouses, and from intermediate warehouses to each of the 
customers, with the minimum total costs and shortest possible 
time for the items to be received by the customers. Finally, at 
the third level, there are suppliers denoted by set K: {k = 1, 2, 3, 
.  .  ., |K|}. The medical items are displayed with set M: {m = 1, 2, 
3, .  .  ., |M|}. Figure 3 shows the structure of the problem net-
work. It should be noted that the capacity of the intermediate 
warehouses is limited and is shown with parameter Cj . It is 
assumed that the time of the presence of the medical items in 
the intermediate warehouses follows an exponential distribu-
tion with the parameter λ j , which, in fact, the average time of 

presence of each medical item is equal to 
1

λ j
. The corruption of 

items has a probability function of Weibull with the parameters 
μ and ρ from the time of presentation (t) in the chain as 
follows:

f t t e tt( ) ( )= ≥− −ρµρ ρ µ ρ1 0	 (1)
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In order to make the proposed model closer to real-world con-
ditions, uncertainty in the parameters of customer demand for 
service and spent time in the intermediate warehouses is taken 
into account using the exponential distribution function.57,58

Parameters

Variables

Mathematical model. 

minObj D d R D d R F X
i j m

ij
m

ij ij

j k m

jk
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jk jk
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i
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m

jk
m≥ − −( ) ∀∑ * �1 ; , , 	 (7)

Figure 3.  Supply chain network (SCN).

Cj Capacity of intermediate warehouse j

Fj Fixed cost of opening intermediate warehouse j

dij
Distance between customer i and intermediate 
warehouse j

d jk Distance between intermediate warehouse j and supplier k

tij
Time interval between customer i and intermediate 
warehouse j

t jk
Time interval between intermediate warehouse j and 
supplier k

Qi
m Demand of node i for item m is given as a triangular fuzzy 

number (Q Q Qi
m

i
m

i
m1 2 3, , )

1

λ j

Average time of presence of each medical item in 
intermediate warehouse j

μ Scale parameter of the Weibull probability distribution 
indicating probability of corruption of each medical item 
in the supply chain

ρ Shape parameter of the Weibull probability distribution 
indicating probability of corruption of each medical item 
in the supply chain

Rij
Cost of transferring a unit of medical product from 
warehouse j to customer i per unit of distance

Rjk
Cost of transferring a unit of medical product from 
supplier k to warehouse j per unit of distance

β Feasibility coefficient of fuzzy constraints

BN A big number

Yij
m

A binary variable determines whether medical item m 
required by customer i is provided by warehouse j or 
not

Wjk
m

A binary variable determines whether medical item m 
from supplier k is transferred to intermediate 
warehouse j or not

X j

A binary variable determines whether intermediate 
warehouse j is open for storage and transfer of medical 
items or not

Dij
m

Number of product m sent from intermediate 
warehouse j to customer i

Djk
m

Number of item m sent from supplier k to intermediate 
warehouse j
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j

ij
mY i m∑ = ∀1; , �	                                                                  (8)

k

jk
m

jW X j m∑ ≤ ∀; , �	 (9)

i m

ij
m

jD C j∑∑ ≤ ∀; �	 (10)

Y W X or i j k mij
m

jk
m

j, , ; , , ,∈{ } ∀0 1 	 (11)

D D i j mij
m

jk
m, ; , ,≥ ∀0 	 (12)

Obj Obj R1 2, |∈ 	 (13)

Constraint (2) expresses the first objective function of the 
model ( )Obj1  that attempts to minimize the total costs includ-
ing the total transportation costs from suppliers to intermedi-
ate warehouses and from intermediate warehouses to 
customers as well as the construction costs of intermediate 
warehouses. Constraint (3) states the second objective func-
tion of the model ( )Obj2  that seeks to minimize the total time 
of the presence of the medical goods in the supply chain, in 
which the total transportation time from suppliers to inter-
mediate warehouse, the transportation time from intermedi-
ate warehouses to customers and the average time of the 
presence of each medical item in intermediate warehouse are 
taken into account. Constraints (4) and (5) ensure that entry 
to and exit from the present intermediate warehouse depends 
on its openness.

Constraint (6) ensures providing the demand of each cus-
tomer, taking into account the initial amount of demand and 
the amount of corrupted medical items along the supply chain. 
Constraint (7) shows that the input of each intermediate 
warehouse is at least equal to its output (since the first objec-
tive function is to minimize the flow of input and output of 
intermediate warehouse, the left side value of the constraint 
cannot be greater than its right side value). Constraint (8) 
indicates that each medical item required by each customer is 
supplied by exactly 1 intermediate warehouse. Constraint (9) 
states that any medical item can be entered into an intermedi-
ate warehouse from only 1 supplier. Constraint (10) mandates 
the capacity of intermediate warehouses. Constraint (11) 
exhibits the binary variables. Constraint (12) specifies the 
nonnegative variables, and constraint (13) shows that the 
objective functions are free variables.

Defuzzification method

In order to defuzzify the fuzzy parameters of the proposed 
model, a well-known defuzzification method introduced by 
Jiménez et al.59 is employed to transform the triangular fuzzy 
numbers into the crisp numbers. It should be noted that the 
selction of the appropriate defuzzification method pertains to 
the context and type of the decision-making.60

The steps of this approach are as follows:

Step 1: Determine a minimum constraint feasibility degree: This 
is, in fact, determination of the minimum possibility of fuzzy 
numbers in the constraints, which, constraint feasibility is met.

Step 2: Determine the values for feasibility of constraints based 
on the minimum specified parameter in the first step: Based on 
the methodology proposed by Kaufman and Gupta,61 which 
states that for every 0.1 changes in the value of the possibil-
ity of a fuzzy number, the value of the number also changes, 
so the values for feasibility of constraints are started from 
the minimum value and 0.1, 0.1 is added to reach 1.

If βmin is the minimum constraint feasibility degree that the 
DM is willing to admit, the feasibility interval is as follows:

M k kk min
min= = + = …

−






⊂ [ ]β β

β
0 1 0 1

1

0 1
0 1. | , , ,

.
,*

	
(14)

Step 3: Solving the model with the objective function equals to 
the middle value of the fuzzy number of the objective function 
and feasibility of constraints for each feasibility value: We start 
from the minimum feasibility value and, make the con-
straints crisp for the different feasibility values, and solve 
the model, for all constraints and with the objective func-
tion equals to the middle value (probable value) of the fuzzy 
number and determine the values of decision variables and 
objective functions. Note that after determining the value of 
decision variables for the probable value of the fuzzy objec-
tive, we set the values of the variables in the fuzzy objective 
and determine the fuzzy value of the fuzzy objective.

Define a fuzzy goal number for the fuzzy objective: In fact, at 
this stage, 1 goal is defined as a fuzzy number for a given fuzzy 
objective value. In other words, the minimum and the maxi-
mum satisfactory value for the fuzzy objective are respectively 
G and G, then the goal is expressed by means of a fuzzy set G  
whose membership function is as follows:

µ
G
z

z G

G z

G G
G z G

z G



�

�
�

( ) =

≤

−
−

< ≤

>













1

0

;

;

;

	 (15)

Step 5: Determine the degree of satisfaction of the fuzzy 
goal by each obtained value for the fuzzy objective: If the 
value of the fuzzy objective for the feasibility value of βk  for 
the constraints equals to z k

0 ( )β , the degree of satisfaction 
of the fuzzy goal (K

G
) is as follows:
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Determine the fuzzy decision set: The members of the men-
tioned set are the vector of x k

0 ( )β  and the membership func-
tion is equal to µ

D
  which is calculated according to the 

following equation:

µ β β β
D

k k
G

kx K z
 

0 0( )( ) = ( )( )* 	 (17)

Determine the decision vector and the crisp objective value for 
the problem: Among the decision vectors, the vector that has the 
highest membership in the set is chosen as the final vector of 
the decision and its associated objective value as the final value 
of the fuzzy objective. In simpler terms:

µ β ββ
D

*
M k

G
kx max *K z

k 
( ) = ( )( )








∈
0 	 (18)

Consider the following example to better understand the 
defuzzification method of Jimenez et al.59:

Min (19, 20, 21) x1+ (29, 30, 31) x2
S.t.
(4.5, 5, 5.5) x1 + (2.5, 3, 4) x2 ≥ (194, 200, 206)
(3, 4, 5) x1 + (6.5, 7, 7.5) x2 ≥ (230, 240, 250)

x x1 2 0, ≥ 	 (19)

Now we have to calculate the acceptable solutions of the 
following ordinary α-parametric linear program:

Min 20x1 + 30x2
S.t.
�((1-α) 5.25 + α 4.75) x1  + ((1-α) 3.5 + α 2.75) x2 ≥  203 
α + (1-α) 197
�((1-α) 4. 5 + α 3. 5) x1  + ((1-α) 7.25 + α 6.75) x2 ≥  245 
α + (1-α) 235

x x1 2 0, ≥ 	 (20)

Different values of the coefficient α from 0 to 1 can be con-
sidered depending on the level of conservatism or the risk 
appetite of the decision maker. Then solve the model based on 
this assigned coefficients. Assume that the value of α is consid-
ered to be 0.5 according to the manager’s view. According to 
this coefficient, the value of x1 is 28.89, the value of x2� is 17.78, 
and the objective function value is equal to (1064.53, 1111.20, 
1157.87).

The crisp equivalent of the sixth constraint according to the 
defuzzification method of Jimenez is in the form of relation (21):

D Y Q Q Q

t t
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ij
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	 (21)

Solution methods

Since the SC problems are NP-hard, the solution time increases 
exponentially by increasing the dimensions of the problem. 
Hence, it is not possible to apply the exact methods to find the 
optimal solutions for large-sized real-world problems within a 
reasonable computational time. Hence, the need arises to use 
meta-heuristic algorithms to solve large-size problems. As the 
proposed optimization model is NP-hard, it is necessary to solve 
large-size problems with heuristic and meta-heuristic algorithms. 
In the present study, the LP-Metric exact method is employed to 
solve the proposed model for small-sized problems. In addition, 
due to the NP-Hardness of the problem in hand, the modified 
multi-objective particle swarm optimization (MOPSO) and 
Non-dominated Sorting Genetic Algorithm (NSGA-II) are uti-
lized as the 2 of the most efficient and frequently used meta-
heuristic algorithms to solve the large-size problems since the 
LP-Metric exact method is not capable in finding the optimal 
solutions in a reasonable computational time.

In the last decade, many multi-objective evolutionary algo-
rithms have been proposed. Among these algorithms, the 
MOPSO, MOSA, MOGWO, and NSGA algorithms can be 
mentioned.62 The NSGA-II algorithm has characteristics that 
make its use in multi-objective problems easier compared to 
other algorithms.63 NSGA-II uses binary codes for coding the 
decision variables and also uses the probability cycle to select 
the parents and this itself causes getting close to the optimal 
solution.64 On the other hand, the speed of reaching the opti-
mal solution is lower than the MOPSO algorithm, also, it 
reaches convergence later.65 The NSGA-II algorithm is one of 
the most powerful algorithms that has been widely used in the 
literature and has shown several times that it works well for 
solving various multi-objective optimization problems, for this 
reason, this algorithm is considered as the basic and accepted 
algorithm in this research.66,67

The MOPSO algorithm is one of the frequently-used effi-
cient population-based and multi-objective algorithms that was 
chosen for comparison with the NSGA-II algorithm.68 The 
MOPSO algorithm has a memory in such a way that the knowl-
edge of good solutions is kept by all particles.69 In other words, 
in MOPSO, each particle benefits from its past information, 
while there is no such behavior and feature in other evolutionary 
algorithms, for example, there is no such memory in GA. The 
previous knowledge of the problem is lost once the population 
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changes. The PSO algorithm shows more flexibility compared 
to other optimization strategies by using a large number of 
crowding particles against the local optimal problem. The main 
problem of MOPSO is premature convergence. In this algo-
rithm, the particles gradually travel in the search space near the 
best global optimal solution and do not explore the rest of the 
space, and in other words, the particles converge and during the 
search process, some particles in the population may get caught 
in the local optimum and do not participate in the next discover-
ies. The MOPSO algorithm has several advantages and disad-
vantages. The use of memory, high convergence speed, better 
dealing with the local optimal solutions, and ease of implemen-
tation can be mentioned as some its main advantages. Some of 
its disadvantages are premature convergence, getting stuck in the 
local optimum, and reducing the diversity of the population.70

The results indicate that the proposed meta-heuristic algo-
rithms are efficient in achieving the optimal solution for small-
size problems and and close to the optimal solution for the 
large-size problems in a quite short computational time.

LP-metric method.  The goal of this approach is to arrive at a 
response that minimizes the deviation between the values of 
objective functions and ideal value derived from the individual 
optimization of them in problems with more than one goal.71 
At first, each of goals is considered separately in the problem 
and the optimal value of each of them is obtained, regardless of 
the other goals, and this is considered as the ideal value of the 
objective. In the next step, the objective function of the devia-
tion, equation (22), is considered as the new objective of the 
problem and the optimization of the problem is performed 
with that goal. It should be noted that in the first step, the goals 
should be maximized in order to individual optimization, that 
is, minimization functions should be converted to maximiza-
tion with a multiplication in a negative. For a better under-
standing, assume that the objective functions of the problem 
and their individual optimal values in maximization case are 
respectively f g pg ; , , , ,= …( )1 2 3  and f g pg

*; , , , , .= …( )1 2 3  
Now the deviation objective function used in the second step is 
calculated as the equation (22) (in this case r is a constant 
parameter):

minD
f f

fg

p
g g
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r r
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1
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�	 (22)

In this research, the value of the parameter r is assumbed to 
be 1 to retain the linearity of the proposed MIP model for 
using the CPLEX solver. Therefore, the limitations of the 
CPLEX solver were the main motivation for the parameter 
setting.

Multi-objective particle swarm optimization (MOPSO).  Particle 
swarm optimization was first introduced by Eberhart and 

Kennedy in 1955 as a stochastic optimization technique for 
functional optimization. This algorithm is a social search algo-
rithm inspired by social behavior of bird flocking or fish school-
ing. The PSO algorithm is based on an initial population 
(swarm) containing the candidate solutions (particles) which 
move around the search space. The particles’ movements are 
directed by their best position so far in the search space together 
with the entire swarm’s best position so far.72 Each particle has 
a fitness value calculated by a fitness function. If a particle is 
closer to the food-goal in the search space (in the model of the 
movement of birds), its fitness value is greater. Each particle 
also has a velocity that controls the movement of the particle. 
The agent moves in the problem space by continuing to pursue 
the optimal particles in the present state. PSO initialzes with a 
group of random particles (solutions) and tries to find an opti-
mal solution by updating the generations. At each step, each 
particle is updated using 2 best values. The first one (pbest) has 
been the best situation ever achieved by the particle.73 The 
flowchart of this algorithm is shown in Figure 4. In this algo-
rithm, the convergence test is updating the best position found 
by each particle and best position found by the best particle of 
the particle group. The execution of the algorithm continues, 
until the stop condition (execution of the algorithm’s iterations, 
reaching the predetermined time for the algorithm execution, 
reaching the predetermined tolerance in the best value of the 
particle target, etc.) is met.

As shown in Figure 5, the red node ( pk
g) represents the best 

position found by the best particle in the group in the k-th 
repetition of the algorithm’s execution. The blue and black 
nodes pi , xk

i  and xk
i
+1,� respectively, are the best position found 

for the i-th particle and the positions of this particle in the k-th 
and k + 1-th repetition of that particle. Also, the green, blue 

Figure 4.  Flowchart of PSO.
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and red vectors show the current motion influence, particle 
memory influence and swarm influence, what PSO formalizes 
is how to combine these tendencies in order to be globally 
efficient.

Non-dominated sorting genetic algorithm (NSGA-II).  The non-
dominated sorting genetic algorithm (NSGA-II) has been 
broadly employed to solve numerous multi-objective optimi-
zation problems.74-78 In the NSGA-II algorithm, the fast non-
dominated-sorting operator is exploited to insert the 
dominance concept via searching the first goal known as con-
vergence. The schematic representation of the NSGA-II pro-
cedure and flow diagram are displayed in Figures 6 and 7.

Structure of the solution in the algorithms.  The proposed 
problem is a complete delivery, so that all demand for each 
medical item required by each customer must be provided by a 
supplier and an intermediate warehouse. For validation of the 
model as well as the solution approach, a SC is considered that 
includes 3 suppliers, 6 intermediate warehouses and 3 custom-
ers, each of them requires a specified amount of 3 medical items 
with the assumption of complete delivery. Since this algorithm 
works only with numbers in the interval 0 and 1, then consider 
the structure of the solution as a matrix with 3 rows and 9 
columns. (The number of rows equals to the number of drug 
items and each of the first to third lines of each row represents 

the number of intermediate warehouses supplying that drug 
item to the first to third customers, and the fourth-ninth lines 
of each row determine that an intermediate warehouse provid-
ing the medical item for each customer is served by which sup-
plier, but if the intermediate warehouse is not used to supply 
the medical item, the value of the number associated with the 
supplier is considered to be zero). First, fill all matrix strings 
with the random numbers in the interval 0 and 1, which we 
call it the position of the solution. The position designed for 
this problem is shown in Table 2. Figure 8 shows the schematic 
presentation of the designed solution for r = .74.

As described above, the first 3 lines of all rows indicate that 
the corresponding demand node (first, second, or third) is pro-
vided by which of the first, second, third, .  .  ., sixth warehouses. 
Suppose that a random number in one of those strings is equal 
to r. The intermediate warehouse is calculated by the following 
equation:

a r= +( )( )min 1 6 6* , 	 (23)

In equation (23), sign 5 ? means the rounding of the inner 
phrase is downward and number 6 indicates the number of 
intermediate warehouses. Same relationship is also used for the 
second part of the solution structure, since the second part of 
each row indicates the intermediate warehouse supplier num-
ber and in this example, the number of suppliers is equal to 3, 
so, number 6 in the above relationship changes to 3. The posi-
tions of solutions are used in all stages of the algorithm, except 
for calculating the objective functions.

Parameter tuning.  The efficiency of metaheuristic algorithms 
significantly depends on the values of structural factors of the 
algorithm. Hence, there are many approaches to tune the con-
trol parameters of the metaheuristic algorithms in order to cre-
ate a powerful solving method. Here the Taguchi approach is 
used because of its positive features.79 Hajipour et al.80 states 
that the Taguchi method leads to the proper and effective 
adjustment of the parameters of the algorithm based on statis-
tical evaluations and sensitivity analysis. In this technique, the 
S/N ratio implies the amount of variation present in the 
response variable.81 Some of these parameters values are pre-
sented in Tables 3 and 4. The optimal levels of parameters are 
displayed in Tables 5 and 6.

Numerical Experiments and Results
Sample generation

To generate the sample problems, assume that customers, 
intermediate warehouses, and suppliers are distributed uni-
formly on a 2-dimensional page, respectively, with dimensions 
[10,100], [0,100], and [20,120]. Also, their distance is consid-
ered as Euclidean intervals (rounded to the nearest integer) 
and the delivery times are calculated by dividing these intervals 

Figure 5.  Particle motion view in PSO.

Figure 6.  Schematic of the NSGA-II procedure.



Shahrabadi et al	 11

Figure 7.  Flowchart of NSGA-II.

Table 2.  An initial position designed for the problem.

0.23 0.19 0.83 0.27 0.58 0.91 0.88 0.86 0.77

0.44 0.31 0.66 0.12 0.58 0.08 0.48 0.66 0.96

0.74 0.28 0.31 0.91 0.77 0.68 0.79 0.37 0.05

Figure 8.  Schematic presentation of the designed solution for r = .74.
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into 80 (with one decimal). The values of the parameters Q im1  
and Q im3  are determined as the random integers with uniform 
distributions in the intervals [20, 40] and [30,60] which the 
value of the parameter Q im2  is equal to the average of 2 other 
values. Table 7 shows how to generate the data.

Numerical examples

In this section, various test problems with different sizes (small, 
medium, and large) are considered and solved to evaluate the 
efficiency and performance of the proposed solution methods. 
The computational experiments are performed on a personal 
PC with Intel, Core i5 CPU, 1 GHz Processor and 4 GB of 
RAM. Achieving the optimal solution is possible for a problem 
with 4 customers, 3 medical items, 6 intermediate warehouses 
and 3 suppliers at a time less than 3600 seconds (small size 
problems) due to the length of the solution time in the 
LP-Metric method. Because the GAMS Software is incapable 
of solving large size problems and needs long time runs for 

Table 3.  Parameters of MOPSO.

Parameters Levels Description

MaxIt
100,200,300 Maximum number of 

iterations

nPop 100,150,200 Number of population

nRep
10,20,30 Number of members 

of the Pareto Front in 
each iteration

ϕ ϕ1 2= 2.05 —

ϕ ϕ ϕ= +1 2 4.1 —

W 2

2 42ϕ ϕ ϕ− + −

Inertia Weight

Wdamp
0.99 Inertia weight loss 

ratio

C1 W *ϕ1 Individual learning 
factor

C2 W *ϕ2 Collective learning 
factor

nGrid
20,30,40 Number of networks 

in each dimension

α 0.1,0.2,0.3 Inflation rate to create 
a positioning network 
of the members of 
Rep

β 5,7,9 Pressure of selecting 
a leader

γ 5,7,9 Pressure of selecting 
the additional member 
of Rep to remove

µ 0.1,0.2,0.3 Mutation rate

Table 4.  Parameters of NSGA-II.

Parameters Levels Description

MaxIt
50,75,100  Stopping condition for the 

algorithm

nPop
50,75,100 Number of population

Pm 0.1,0.2,0.3 Mutation rate

Pc 0.7,0.8,0.9 Crossover rate

Table 5.  The best factor level combination for MOPSO.

Parameters Levels

MaxIt
100

nPop 100

nRep 20

ϕ ϕ1 2= 2.05

ϕ ϕ ϕ= +1 2 4.1

W 2

2 42ϕ ϕ ϕ− + −

Wdamp
0.99

C1 W *ϕ1

C2 W *ϕ2

nGrid
30

α 0.1

β 7

γ 7

µ 0.3

Table 6.  The best factor level combination for NSGA-II.

Parameters  Best levels

MaxIt 100

nPop
100

Pm 0.3

Pc 0.7
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large size problems. Therefore, meta-heuristic algorithms were 
used in large-size problems. The results indicate that the algo-
rithms are efficient in achieving the optimal solution for small-
sized problems and close to the optimal solutions for large-sized 
problems within a very short time. In the LP-Metric method, 
it is only possible to obtain a solution that has the minimum 
difference of the individual optimal value of each objective, 
while MOPSO and NSGA-II find a set of non-dominated 
members in the population (Pareto front solutions).

Numerical results for the small-sized test problems.  Five test prob-
lems in small size were generated and solved with 3 approaches. 
The results are shown in Table 8.

It should be noted that, as a sample, the expression 
3 × 6 × 2 × 3 in the specification column of Table 8 means 3 
customers, 6 intermediate warehouses, 2 suppliers and 3 items. 
Error percentage of first and second objective function of men-
tioned algorithms was calculated for the comparison of each 
algorithm’s results with the results of GAMS software. 
According to Table 8, the results of proposed algorithms are 
similar to the results of LP-Metric method for small-sized 
problems. Figures 9 to 11 show the Pareto front for problems 1 
to 3.

According to Figures 9 to 11, it can be said that while the 
value of the first objective function (economic goal) decreases, 
the value of the second objective function, which seeks to mini-
mize the total time of the presence of the medical goods in the 
supply chain, increases gradually. On the contrary, if the deci-
sion of the managers is to reduce the total time of the presence 
of the medical goods in the supply chain, more costs should be 
incurred.

In order to analyze the sensitivity on the parameters that 
follow the Weibel distribution, the problem s1 defined in the 
previous section is examined. As mentioned in the previous 
section, the value of the first objective function of the problem 
is equal to 667590.385 and the value of the second objective 
function is equal to 4231.628. Now, we consider the increase 
and decrease of the value of this parameter by 20% while 

Table 7.  The function of generating the random numbers.

Parameter Random distribution function

Q im1
U [20,40]

Q im3
U [30,60]

Rij
U [10,24]

Rkj
U [3,10]

Fj
U [5000,10 000]

Cj
U [600,650]
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keeping the other parameters constant to analyze its effect on 
the objective functions. Table 9 shows the values of the objec-
tive functions in the current, increased, and decreased situa-
tions of the above parameter.

As can be seen in Table 9, the increase in the parameter `  
significantly reduces the value of the first objective function. 
Also, the decrease in this parameter increases the value of the 
first objective function significantly. The effect of these changes 
on the value of the second objective function is completely 

opposite, so that the increase of this parameter in the Weibel 
distribution causes an increase in the value of the second objec-
tive function, and its decrease causes a decrease in the value of 
the second objective function.

Numerical results for the medium and large-sized test problems.  In 
this section, several test problems with different sizes (medium 
and large) are solved to evaluate the performance of 2 presented 
meta-heuristic algorithms. Totally, ten test problems were ran-
domly generated and solved with the algorithms. The results 
are shown in Table 10. Figures 12 and 13 are shown to evaluate 
and compare the performance, objective function values 
(OFVs) and CPU times of the mentioned parameter tuned 
algorithms. As shown in Figures 12 and 13, NSGA-II achieves 
the more suitable solutions for the first and second objective 
functions than the MOPSO. Also, as shown in Table 10, meta-
heuristic algorithms achieve the best quality solutions for 
medium and large-size problems at a very good time that the 
LP-Metric did not achieve them at a time less than 1 hour. 
Also, these algorithms, despite the LP-Metric method, which 
was only able to achieve an appropriate response, was able to 
obtain a set of good responses. Figures 14 to 16 show the Pareto 
front for problems 1 to 3.

Sensitivity analysis.  Sensitivity analysis is performed on several 
important parameters to assess the impact of various factors on 
the objective function values.

Sensitivity analysis on Rij  (the cost of transferring the items 
from the warehouses to the customers).  Problem s1 , which is 
defined in the previous section, is examined in order to do the 
sensitivity analysis on the cost of transferring the items from 
the warehouses to the customers. As mentioned in the previous 
section, the first objective function value is 667590.385 and the 
second objective function value is 4231.628. We are investigat-
ing the effect of reducing and increasing of this parameter on 
the objective functions while the other parameters are constant, 
so we reduce the value of this parameter by 20% and increase 
20%. Table 11 shows the value of the objective functions in 
the current, increased and decreased state of the mentioned 
parameter.

As can be seen, the increase in the parameter Rij  signifi-
cantly increases the first objective function. The decrease in this 
parameter also significantly reduces the first objecticost ve 

Figure 9.  Pareto front for problem S1.

Figure 10.  Pareto front for problem S2.

Figure 11.  Pareto front for the problem S3.

Table 9.  The values of the objective functions corresponding with 
decreasing and increasing of the values of the Weibel distribution 
parameters.

Parameter   1 2. ρ   ρ   0 8. ρ

Objective 
function value 1

623841.79 667590.385 701983.2

Objective 
function value 2

4379.91 4231.628 4153.39



Shahrabadi et al	 15

function. The effect of these changes is not significant on the 
second objective function.

Sensitivity analysis on Rjk  (the cost of transferring a medical 
item from the supplier to the intermediate warehouse).  Problem s1, 
which is defined in the previous section, is examined in order 
to do the sensitivity analysis on the cost of transferring a medi-
cal item from the supplier to the intermediate warehouse. As 
mentioned in the previous section, the first objective function 
value is 667590.385 and the second objective function value 
is 4231.628. We are investigating the effect of reducing and 
increasing of this parameter on the objective functions while 
the other parameters are constant, so we reduce the value of 
this parameter by 20% and increase 20%. Table 12 shows the 
value of the objective functions in the current, increased and 
decreased state of the mentioned parameter.

As can be seen, the increase in the parameter Rjk  signifi-
cantly increases the first objective function. The decrease in this 

Table 10.  Numerical results in medium and large dimensions.

Problem Specifications NSGA-II MOPSO

First 
objective 
function 
(*109)

Second 
objective 
function 
(*104)

CPU (in 
seconds)

First 
objective 
function 
(*109)

Second 
objective 
function 
(*104)

CPU (in 
seconds)

M1 4 × 7 × 4 × 3 1.2546 10.825 78 1.4623 11.837 66.92

M2 4 × 7 × 4 × 4 0.8954 7.0032 89 1.6102 7.2035 64.62

M3 5 × 8 × 5 × 4 0.2897 4.7875 77 0.66012 5.0646 53.80

M4 5 × 7 × 5 × 4 1.1589 5.7125 84 1.7246 6.114 58.23

M5 6 × 8 × 6 × 5 1.0789 6.0548 95 1.9621 7.513 78.20

M6 7 × 6 × 4 × 3 1.7968 7.3515 102 2.0545 8.3521 84

M7 7 × 7 × 6 × 3 1.2485 7.1458 109 2.4214 8.2154 94

M8 8 × 5 × 4 × 5 1.1562 5.7895 108 1.9654 6.1148 102

M9 9 × 7 × 5 × 6 2.7985 6.4578 113 3.4578 7.4589 101

M10 9 × 8 × 7 × 7 2.5894 5.6478 114 3.6584 8.3546 104

Figure 12.  Comparison of the OFVs of the proposed algorithms.

Figure 13.  Comparison of the CPU times of the proposed algorithms.
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parameter also significantly reduces the first objective function. 
The effect of these changes on the second objective function is 
that by increasing this parameter, the second objective function 

decreases slightly. Also, by decreasing this parameter, the sec-
ond objective function shows a slight increase.

The case study

In this section, the usefulness and practicality of the proposed 
model as well as the solution method are evaluated based on a 
real case study. The model was applied to design an effective 
and efficient perishable medical product SCN in Tehran (the 
capital city of Iran). The Tehran metropolitan city contains 22 
geographically dispersed districts. The customers are allocated 
based on these districts. Figure 17 shows the location of the 
pharmacies (customers) in 22 geographical districts of Tehran. 
This SC involves ten pharmaceutical companies as suppliers, 5 
pharmaceutical distribution companies as intermediate ware-
houses, and pharmacies in 22 districts of Tehran as the final 
customers for the pharmaceutical products. Six types of widely 
used drugs in Iran were taken into account as the medical items 

Figure 14.  Pareto front for the problem M1.

Figure 15.  Pareto front for the problem M2.

Figure 16.  Pareto front for the problem M3.

Table 11.  The effect of reducing and increasing of Rij� on the objective 
function values.

Parameter 0.8 Rij   Rij 1.2 Rij

First objective 
function

631256.14 667590.385 697210.1

Second 
objective 
function

4286.12 4231.628 4198.5

Table 12.  The effect of reducing and increasing of Rjk� on the 
objective function values.

Parameter 0.8 Rjk   Rjk 1.2 Rjk

First objective 
function

621218.4 667590.385 758 236

Second objective 
function

4278.2 4231.628 4208.13

Figure 17.  Location of the pharmacies in the geographical districts of 

Tehran.
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in this study. A brief description of these drugs and their appli-
cations are given below:

Aspirin (acetylsalicylic acid (ASA)) is used to relieve pain, 
fever, and inflammation in various conditions such as lower 
back and neck pain, the flu, common cold, and so on. Metformin 
is an oral diabetes medicine that helps control blood sugar lev-
els. Metformin works by helping to restore your body’s proper 
response to the insulin you naturally produce. Atorvastatin is 
used along with a proper diet to help lower bad cholesterol and 
fats (such as LDL, triglycerides) and raise good cholesterol 
(HDL) in the blood. Losartan is used to treat high blood pres-
sure (hypertension) and to help protect the kidneys from dam-
age due to diabetes. Metoral (Metoprolol) is a drug called a 
beta-blocker. It’s used to treat conditions such as high blood 
pressure, heart failure, and angina (chest pain). Pantoprazole is 
used to treat certain stomach and esophagus problems (such as 
acid reflux). It works by decreasing the amount of acid your 
stomach makes. Table 13 shows the companies that produce 
these drugs. It is obvious that all drugs are distributed by all 
pharmaceutical distribution companies.

The required data of our case is collected according to valid 
sources and published studies and travel distances and travel 
times are obtained from Google maps. Demand of each phar-
macy for each drug item is given as a triangular fuzzy number 
(Q Q Qi

m
i
m

i
m1 2 3, , ) which the value of the parameter Q im2  is 

shown in Table 14, and the values of the parameters Q im1  and 
Q im3  are determined based on the parameter Q im2 , 
(0 8 1 22 2 2. * , , . *Q Q Qi

m
i
m

i
m ).

Traveling distance between pharmacies and pharmaceutical 
distribution companies is shown in Table 15. Traveling distance 
between pharmaceutical distribution companies and pharma-
ceutical companies is shown in Table 16. The cost of transfer-
ring a unit of medical product from pharmaceutical distribution 
companies to pharmacies and cost of transferring a unit of med-
ical product from pharmaceutical companies to pharmaceutical 
distribution companies are supposed to be proportional to the 

traveling distances between nodes (Tables 15 and 16). Travel 
time between pharmacies and pharmaceutical distribution 
companies is shown in Table 17. Travel time between pharma-
ceutical distribution companies and pharmaceutical companies 
is given in Table 18. Set up cost of intermediate warehouses 
depends on its storage capacity, if the capacity of distribution 
companies is supposed to be 16 000 m3 (medium); the opening 

cost of local hospitals is equal to $800 000.82 The average life of 

each drug is estimated to be 300 minutes 1

λ j











. Scale and 

Shape parameters of the Weibull probability distribution are 
estimated to be .3 and .1, respectively.

Tables 18 and 19 summarize the numerical results of the 
problem. Distribution companies of Alborz and Exir are cho-
sen to be open for storage and transfer of medical items to 
pharmacies with the goal of minimizing the total cost of the 
chain and total time of the presence of the items in the supply 
chain. Table 19 shows that which distribution company pro-
vides the medical items required by pharmacies and the quan-
tity of medical products transferred from distribution 
companies to pharmacies and Table 20 shows the transmission 
of medical items from pharmaceutical distribution companies 
to distribution companies.

Conclusion
In this paper, a fuzzy bi-objective MIP model for the SCN of 
perishable medical goods in crisis situation was proposed con-
sidering uncertainty. The present problem was the design of a 
three-level SC for corruptible items, which the corruption of 
items has a probability function of Weibull. It means whatever 
the presence of any relief item is more in the chain, the proba-
bility of corruption is even greater. The customers are at the first 
level of chain that are customers for relief items, and the amount 
of demand for each of them is considered as a triangular fuzzy 
number. At the second level, there are potential intermediate 

Table 13.  Pharmaceutical companies of the drug items.

Aspirin Metformin Atorvastatin Losartan Metoral Pantoprazole

Pars Darou Co. ✓ ✓  

Tehran Chemie Co. ✓ ✓  

Aburaihan Co. ✓ ✓  

Tolid Daroo Co. ✓ ✓ ✓  

Osveh Co. ✓ ✓

Dr. Abidi Co. ✓

Razak Co. ✓  

Darou Pakhsh Co. ✓  

Tehrandarou Co. ✓  

Chemidarou Co. ✓ ✓
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Table 14.  Demand of each drugstore for drug items.

District Aspirin Metformin Atorvastatin Losartan Metoral Pantoprazole

1 Taleghani 
Pharmacy

532 100 412 356 401 265 347 446 78 962 215 895

2 Dr. Pasbin 
Pharmacy

428 256 258 996 358 974 78 562 86 952 245 895

3 Dr. Entekhabi 
Pharmacy

100 326 473 353 125 896 98 521 98 562 87 562

4 Omid 
Pharmacy

99 856 423 678 401 598 101 259 145 896 99 856

5 Dr. Adib 
Hashemi 
Pharmacy

88 546 321 589 398 752 254 120 245 895 125 963

6 13 Aban 
Pharmacy

520 728 198 756 378 562 125 964 278 952 150 253

7 Dr. Shirzadi 
Pharmacy

398 234 248 978 345 895 145 895 289 563 178 955

8 Armaghan 
Pharmacy

256 556 225 689 268 954 245 896 158 963 214 589

9 Dr. Shahrooz 
Saremi 
Pharmacy

357 438 158 965 400 259 345 895 178 952 276 512

10 Aryan 
Pharmacy

425 256 99 479 417 088 321 589 48 952 258 964

11 Nezaja 29 
Farvardin 
Pharmacy

500 451 148 975 256 988 285 652 75 689 156 335

12 Shahid 
Abedini 
Pharmacy

128 318 256 987 195 230 325 955 154 123 202 566

13 Bu Ali 
Pharmacy

298 819 321 598 98 562 345 891 189 562 278 812

14 Abyaneh 
Pharmacy

438 514 414 569 78 953 125 985 285 623 101 259

15 Dr. Bazargani 
Pharmacy

523 392 325 879 398 561 145 985 278 955 85 662

16 Omid-e-No 
Pharmacy

89 996 245 987 158 965 178 532 169 665 245 895

17 Isar Pharmacy 56 534 254 897 245 895 278 562 65 896 271 236

18 Dr. Esfandiari 
Pharmacy

265 943 158 698 389 562 344 789 215 698 68 955

19 Dr. Biabanaki 
Pharmacy

351 556 456 899 289 541 321 589 299 972 78 956

20 Sama 
Drugstore

256 666 358 974 401 256 258 963 201 568 158 965

21 Ghavamin 
Pharmacy

295 531 258 997 125 986 269 852 102 598 254 689

22 Shahab 
Pharmacy

432 321 459 872 245 698 289 522 136 984 189 663
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Table 16.  Traveling distance between pharmaceutical distribution companies and pharmaceutical companies.

Pars 
Darou

Tehran 
Chemie

Aburaihan Tolid 
Daroo

Osveh Dr. 
Abidi

Razak Daroupakhsh Tehrandarou Chemidarou

Hejrat 
Co.

21.1 15.2 32.6 12.9 14.6 16.5 23.6 25.5 15.4 32.2

Ferdows 
Co.

23.4 14.1 23.3 10.1 11.1 13.3 21.6 23.5 12.3 33.5

Alborz 
Co.

15.8 21.6 12.4 10.1 12.8 17.8 25.6 31 16.7 14.8

Razi Co. 16.6 18.2 13.2 11.2 15.2 17.3 25.2 26.2 16.3 15.6

Exir Co. 13.3 20.1 13.2 14.1 17.1 27.6 27.1 28.1 18.2 13.5

warehouses that receive, store and transfer relief items from 
suppliers at the third level, and play the role of interface between 
2 levels. The selection of optimal intermediate warehouses and 
the optimal amount of flow from suppliers to them, and from 
them to each of the customers, with the minimum cost in the 

chain and the shortest possible time for the items to be received 
by the customers, is the object of the problem. And finally, there 
are suppliers at the third level. In this research, we tried to make 
the problem as compliant as possible with the real world condi-
tions. The proposed mathematical model can be applied to all 

Table 15.  Traveling distance between pharmacies and pharmaceutical distribution companies (Co.).

Hejrat Co. Ferdows Co. Alborz Co. Razi Co. Exir Co.

Taleghani Pharmacy 17.5 29.1 14 13.6 18.1

Dr. Pasbin Pharmacy 4.2 8.1 12.5 9.8 17.2

Dr. Entekhabi Pharmacy 18.2 17.9 14.7 14.3 16

Omid Pharmacy 16.5 16.2 13.2 12.9 8

Dr. Adib Hashemi Pharmacy 6.2 11.3 17.1 17.5 21.8

13 Aban Pharmacy 2.9 6.5 4 3.6 3.4

Dr. Shirzadi Pharmacy 15.5 8.4 3.8 3.4 0.12

Armaghan Pharmacy 18.4 18.1 10.5 10.2 7.1

Dr. Shahrooz Saremi Pharmacy 7.9 7.4 11.3 11.6 13.6

Aryan Pharmacy 10.9 6.2 7.7 8 11.2

Nezaja 29 Farvardin Pharmacy 12 7.3 3.6 3.8 6.9

Shahid Abedini Pharmacy 20.3 9.2 3 2.6 2.1

Bu Ali Pharmacy 21.7 11.9 7.3 6.9 5.1

Abyaneh Pharmacy 26.8 17.2 9.6 9.3 8.3

Dr. Bazargani Pharmacy 40.6 41.6 35.1 52.6 54.6

Omid-e-No Pharmacy 17.4 9.7 6.9 7.1 11.1

Isar Pharmacy 3.4 8.6 4.4 4.1 5

Dr. Esfandiari Pharmacy 7 13.8 8.1 7.8 12.8

Dr. Biabanaki Pharmacy 15 14.4 11.7 11.9 15

Sama Drugstore 24 31.9 11.8 11.4 11.8

Ghavamin Pharmacy 12.6 6.7 5.8 15.5 17.5

Shahab Pharmacy 12.3 6.4 10.8 23.3 24.2
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Table 17.  Travel time between pharmacies and pharmaceutical distribution companies (minute).

Hejrat Co. Ferdows Co. Alborz Co. Razi Co. Exir Co.

Taleghani Pharmacy 29 39 34 32 27

Dr. Pasbin Pharmacy 12 24 33 33 34

Dr. Entekhabi Pharmacy 30 33 28 28 22

Omid Pharmacy 35 40 26 24 16

Dr. Adib Hashemi Pharmacy 17 21 38 35 36

13 Aban Pharmacy 9 24 12 11 9

Dr. Shirzadi Pharmacy 30 33 12 11 1

Armaghan Pharmacy 32 36 23 21 12

Dr. Shahrooz Saremi Pharmacy 20 18 30 29 35

Aryan Pharmacy 22 16 26 26 32

Nezaja 29 Farvardin Pharmacy 24 17 14 14 22

Shahid Abedini Pharmacy 32 32 12 10 6

Bu Ali Pharmacy 35 34 17 15 10

Abyaneh Pharmacy 45 41 24 23 18

Dr. Bazargani Pharmacy 51 51 37 64 69

Omid-e-No Pharmacy 33 24 24 25 29

Isar Pharmacy 9 26 11 10 11

Dr. Esfandiari Pharmacy 19 22 21 20 22

Dr. Biabanaki Pharmacy 34 29 27 27 33

Sama Drugstore 41 32 32 31 27

Ghavamin Pharmacy 20 11 13 32 38

Shahab Pharmacy 19 10 15 41 45

Table 18.  Travel time between pharmaceutical distribution companies and pharmaceutical companies (minute).

Pars 
Darou

Tehran 
Chemie

Aburaihan Tolid 
Daroo

Osveh Dr. 
Abidi

Razak Daroupakhsh Tehrandarou Chemidarou

Hejrat Co. 63 35 65 36 33 28 33 32 27 56

Ferdows Co. 32 21 32 19 18 17 21 21 15 32

Alborz Co. 27 32 27 23 27 29 36 35 27 29

Razi Co. 28 31 29 23 28 28 34 35 26 31

Exir Co. 17 30 17 26 27 37 33 34 25 22

infrastructure or disaster types that are compatible with this 
model.

Three multi-objective approaches (LP-Metric,MOPS and 
NSGA-II) were utilized for the test problems to compare their 
performances based on the CPU run times and fitness function 
values and the results indicate the ability of the model and 

algorithms to solve various problems. To demonstrate the 
validity and capability of the developed model, a case study of 
a SC of perishable medical goods in crisis situations in Iran’s 
capital, Tehran was considered.

According to the obtained results, key managerial implica-
tions can be outlined as follows:
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Table 19.  The assignment of pharmacies to pharmaceutical distribution companies and the quantity of medical products transferred from 
pharmaceutical distribution companies to pharmacies.

Aspirin Metformin Atorvastatin Losartan Metoral Pantoprazole

Taleghani 
Pharmacy

Alborz Co. 612 132 432 386 347 846 224 895

Exir Co. 421 365 79 961  

Dr. Pasbin 
Pharmacy

Alborz Co. 274 996 421 574 87 552 257 195

Exir Co. 512 256 81 662  

Dr. Entekhabi 
Pharmacy

Alborz Co. 110 316 101 256  

Exir Co. 481 257 126 895 99 854 87 954

Omid Pharmacy Alborz Co. 109 856 435 898 211 289  

Exir Co. 523 598 215 796 120 268

Dr. Adib 
Hashemi 
Pharmacy

Alborz Co. 98 548 278 120  

Exir Co. 345 689 421 852 314 595 215 463

13 Aban 
Pharmacy

Alborz Co. 215 874 321 852 158 253

Exir Co. 541 228 215 656 421 762  

Dr. Shirzadi 
Pharmacy

Alborz Co. 324 978 358 995  

Exir Co. 410 534 214 895 315 763 184 591

Armaghan 
Pharmacy

Alborz Co. 264 156 235 889  

Exir Co. 315 854 316 096 178 568 348 189

Dr. Shahrooz 
Saremi 
Pharmacy

Alborz Co. 412 195 314 526

Exir Co. 384 538 215 765 401 358 211 452  

Aryan 
Pharmacy

Alborz Co. 487 456 445 689 456 789 78 592  

Exir Co. 112 579 328 964

Nezaja 29 
Farvardin 
Pharmacy

Alborz Co. 214 935 84 589 178 735

Exir Co. 623 451 278 956 295 752  

Shahid Abedini 
Pharmacy

Alborz Co. 211 356 345 855  

Exir Co. 283 418 258 999 162 523 212 668

Bu Ali 
Pharmacy

Alborz Co. 308 489 348 598 378 591  

Exir Co. 101 262 198 762 288 112

Abyaneh 
Pharmacy

Alborz Co. 478 596 129 855 299 213 125 250

Exir Co. 485 714 79 853  

Dr. Bazargani 
Pharmacy

Alborz Co. 578 312 358 679 289 955 95 462

Exir Co. 401 761 189 585  

Omid-e-No 
Pharmacy

Alborz Co. 89 999 278 956 189 635 289 558

Exir Co. 187 132 178 658  

Isar Pharmacy Alborz Co. 87 134 321 197 289 462 287 116

Exir Co. 289 115 74 596  

Dr. Esfandiari 
Pharmacy

Alborz Co. 289 431 189 998 401 556 88 555

Exir Co. 378 889 256 981  

(continued)
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Aspirin Metformin Atorvastatin Losartan Metoral Pantoprazole

Dr. Biabanaki 
Pharmacy

Alborz Co. 358 558 298 741 328 585 89 156

Exir Co. 489 911 301 172  

Sama 
Drugstore

Alborz Co. 378 174 411 258 212 567  

Exir Co. 266 866 299 967 179 465

Ghavamin 
Pharmacy

Alborz Co. 287 156 275 152  

Exir Co. 353 151 185 110 158 501 259 856

Shahab 
Pharmacy

Alborz Co. 452 231 278 618 299 522  

Exir Co. 488 721 178 596 201 565

Table 20.  The quantity of transferred medical items from pharmaceutical companies to pharmaceutical distribution companies.

Aspirin Metformin Atorvastatin Losartan Metoral Pantoprazole  

Alborz Co. Pars Darou 1 475 576  

Tehran Chemie  

Aburaihan  

Tolid Daroo 3 017 422  

Osveh  

Dr. Abidi 2 108 701

Razak 3 417 156  

Daroupakhsh 3 736 762  

Tehrandarou  

Chemidarou 3 969 135  

Exir Co. Pars Darou  

Tehran Chemie 3 861 156  

Aburaihan 3 968 741  

Tolid Daroo 2 825 924  

Osveh 2 608 577  

Dr. Abidi 2 427 095

Razak  

Daroupakhsh  

Tehrandarou 2 063 832  

Chemidarou  

•• Senior management should consider the issues of trans-
portation and inventory of relief items in a coordinated 
and integrated framework.

•• The collection for different situations and changes 
should be managed, and the planning should not be con-
fined to a definite specific condition, anticipate the 

uncertainties should be foreseen and proper planning 
should be provided for them.

•• The management of the rescue and relief chain should 
not consider merely the cost factors in the discussion of 
completing and supplying the network and should always 
consider qualitative factors in their decisions.

Table 19. (continued)
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Although it has been tried to identify all the important param-
eters of the model, due to the abundance of these factors, some 
other unknown factors may also be effective that were not 
identified. Also, accessing the required data was challenging, 
and obtaining the necessary permits took considerable time. In 
addition, due to the NP-hardness of the problem, it was not 
possible to solve the problem with commercial softwares such 
as LINGO and GAMS.

The following suggestions are provided for further studies: 
The multi-objective model can be solved by other efficient 
meta-heuristic or heuristic algorithms and results should be 
compared with the results of this research. Also, other 
approaches may be considered to cope with the uncertainty of 
the parameters. In addition, the presented model should be 
implemented and evaluated on different types of crises and 
geographical regions.
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