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In recent years, regarding the issues such as lack of natural resources, government laws, environmental
concerns and social responsibility reverse and closed-loop supply chains has been in the center of
attention of researchers and decision-makers. Then, in this paper, a multi-objective multi-product multi-
period mathematical model is presented in the sustainable closed-loop supply chain to locate distribution,
collection, recycling, and disposal centers, considering the risk criterion. Conditional value at risk is used
as the criterion of risk evaluation. The objectives of this research are to minimize the costs of the chain,
reducing the adverse environmental effects and social responsibility in order to maximize job
opportunities. Uncertainty in demand and demand-dependent parameters are modeled and determined
by the fuzzy inference system. The proposed model has been solved using multi objective particle swarm
optimization algorithm (MOPSO) approach and the results have been compared with Epsilon constraint

Sustainable method. Sensitivity analysis was performed on the problem parameters and the efficiency of the studied
methods was investigated.
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1. INTRODUCTION

Academically, the supply chain is defined as a system for
converting raw materials, transporting products, and
purchasing between different levels of supplier and
customer [1]. In configuring logistics networks, we deal
with two types of flows: 1. direct flow and 2. reverse
flow. A reverse logistics network provides a flow
between the used product supply market and the new
product market. When the two markets overlap, a closed-
loop or integrated network is created [2].

In the design of reverse logistics networks, the
number of facilities required and the flow of materials
between them are examined according to the structure of
the supply chain [3]. Today, the main goals of customers
are to receive the right goods and services in a short time,
so this has changed the logistics approach of many
companies In most previous studies, the design of direct
and reverse logistics networks has been studied
separately; but, the configuration of the reverse logistics
network has a significant impact on the direct logistics
network. Design separation may lead to the production of
non-optimal designs. Therefore, the design of direct and
reverse logistics network should be integrated [4].
Pollution and emission of greenhouse gases have a great
impact on the environment, and several recent studies on
the mortality rate due to greenhouse gas emissions from
production units showed the importance of this issue [5].
In recent years, regarding the issues such as lack of
natural resources, government laws and environmental
concerns, reverse and closed-loop supply chains has been
in the center of attention of researchers and decision-
makers [6]. Due to the laws that have been passed by the
government recently, the issue of sustainability must be
considered in all companies and organizations [7].
Sustainable supply chain means creating a coordinated
supply chain by integrating economic, environmental and
social considerations with the business systems within a
supply chain. This integration is for the efficient and
effective management of materials, information and
flows related to the purchase, production and distribution
of products or services, and its purpose is to meet the
needs of stakeholders, increase profits, create
competitive advantage and chain sustainability in the
short and long term [8]. These types of chains seek to
balance economic, environmental, and social objective
function. In addition, at the request of customers to pay
attention to the dimensions of sustainability in the
production of products and services, international and
governmental organizations have also passed and
implemented laws in this field. An examination of the
expansion of these laws shows that the number of these
laws and their compulsoriness will increase in the future.
To maintain their competitive advantage in the future,
companies need to pay attention to these rules and move
toward sustaining their processes [9]. In recent years, due

to increasing use of resources, increasing pollution, the
current competitive market, as well as transportation
costs, paying attention to the integration of reverse
network problems with the forward network has created
a special type of supply chain network, called sustainable
closed loop supply chain [10].

Long-term and strategic decisions are effective in the
design of the supply chain network, which means that
changes in these decisions will lead to very high costs.
Due to the constant changes in the business environment,
considering the multi-product multi-period supply chains
and assumptions that affect the model makes the supply
chain problems more realistic and complicated [11].
Today, sustainable development and sustainability are
the main issues of economic activities [1]. Sustainability
dimensions for distribution and production systems
include economic, environmental, and social aspects [7].

Environmental concerns have become more common
recently, so one of the key issues in designing a supply
chain is the effect of environmental effects created by
carbon emissions, specifically known as CO2 emissions.
Considering the green supply chain can significantly
address the concerns of customers and other stakeholders
of the supply chain.

In addition to consider the design of the closed-loop
for supply chains, it seems necessary to consider their
contribution to environmental pollution. One of the main
factors influencing environmental pollution is CO:
emissions, which can be generated by continuous
production of products, reproduction of returned
products, transportation of products between different
levels of supply chain and construction of facilities. This
gas can also be produced through stored materials in
warehouses, especially perishable materials that require
special conditions, so considering this issue has been one
of the topics of interest for researchers [4, 11-13].

Due to severe economic fluctuations and uncertainty
in the amount of demand in different periods of
production, organizations and managers of supply chains
need to estimate the cost, revenue and conditions of
production, distribution, sales, and establishment of
facilities related to them and so on. They should also have
a managerial view towards different situations so that
they can make the best decision in the shortest possible
time if the boom conditions turn into a recession or vice
versa [14]. Therefore, in order to deal with the
uncertainty, the scenarios of recession and boom of
demand, which has been calculated as fuzzy, has been
used which is considered as one of the contributions of
this research.

Today, environmental studies are very important and
should be considered in supply chain design. In today's
competitive economy, many parameters such as cost and
market demand can change, so in recent years the
uncertainty of cost and demand has been considered in
studies [15]. In addition to being a competitive
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advantage, the green supply chain, which focuses
specifically on environmentally friendly design, can also
be a guarantor of sustainability. Green supply chain
management can help reduce waste, cost, as well as
improve communication with business partners and
business conditions [16]. Uncertain factors cannot be
ignored in order for a green supply chain to be effective
enough. In many studies, this concept has been addressed
as probabilistic [17]. However, it is very difficult to use
probabilistic uncertainty in practice, and in many cases it
is impossible to use and collect data due to time and
systemic constraints. This issue causes many problems
when using traditional supply [11]. For example, it is
very difficult to find variable production prices in a
situation where the price of raw materials fluctuates [18].
But The fuzzy logic can greatly help decision makers to
deal with uncertainty [19].

Recently, environmental factors and commercial
factors such as commitment have led to the consideration
of risk in reverse logistics networks [20, 21]. Therefore,
supply chain risks should be recognized in order for them
to be managed [22, 23]. Risk sources may be
environmental, organizational, or caused by the supply
chain itself, so it will be very difficult to predict their
impact under uncertainty. Since the sources of risk are so
many and varied, it is impossible to completely eliminate
them. There are also various internal and external factors
and conditions that affect their intensity and weakness.
Therefore, it is necessary to conduct studies that explain
the various dimensions and components of this issue
[24]. Understanding the risks of supply chain that
decision makers face, allows managers to better detect
and deal with unexpected events. Risk identification
makes it possible to adapt to the uncertain conditions of
a competitive environment and it will act as a strategic
leverage in the process of competitiveness of
organizations. The supply chain risk assessment process
can help make strategic decisions and operational plans
to help reduce the number of supply chain failures [24].
Conditional value at risk is one of the methods for
calculating risk in financial engineering. Being linear and
convex is one of the characteristics of conditional value
at risk method which makes it a proper method for risk
assessment [25]. Due to their complex nature, supply
chains face a high degree of uncertainty that can
adversely affect the quality of their performance [26].
Uncertainty in parameters can be divided into two
systematic and environmental categories, which the latter
are destructive factors that can affect the supply chain
[14].

Therefore, in this study, uncertainty is used in relation
to parameters (product quality and demand parameter).
In recent years, some studies have been conducted on
distribution and production systems to address the issue
of sustainability [7]. But the simultaneous effect of risk
and demand fuzzy uncertainty in the presence of different

market scenarios and quality has not been investigated in
previous studies; therefore, in this research, we will
simultaneously examine these issues.

The clear distinction between a traditional supply
chain and a reverse supply chain is uncertainty in quality
[27]. More specifically, the relevant literature on the
supply chain considers the quality as deterministic [27—
29]. Therefore, one of the prominent features of this
research is the existence of quality uncertainty in the
reverse route. Some topics in supply chain literature, such
as supply chain risk management, sustainability, pricing,
and revenue management, have been less studied [30].
Therefore, in this research, a new approach is presented
that includes locating the sustainable closed loop supply
chain with the presence of quality uncertainty and market
scenarios considering the risk. Unlike traditional
(forward) supply chains, there are various uncertainties
in the reverse supply chain, such as price, quality, time,
and rate of returned products [12].

This study is organized in five sections. In the second
section, the related literature will be reviewed. In the third
section, while stating the main problem of the research,
modeling of the problem and also the approach used to
estimate the uncertain demand will be presented. In the
fourth section, numerical examples and results and
sensitivity analysis of some model parameters will be
presented. Finally, in the fifth section, conclusions and
future research proposals will be expressed.

2. LITERATURE REVIEW

In this section, a review of previous literature on the
design of a green closed-loop logistics network, risk
modeling in the supply chain, and uncertainty modeling
in the supply chain are examined, and at the end, the main
innovations of this study are presented and analyzed.

2.1. Green Closed-loop Supply Chain The
study of Liu et al. [31] was one of the first studies that
investigated the emission of greenhouse gases in marine
units. In this study, traditional multi-criteria decision-
making (MCDM) methods were developed using group
fuzzy entropy and cloud technique [5]. In the last decade,
the closed loop supply chain has attracted a lot of
attention due to considering returned products,
environmental factors, and customer rights. In this
regard, it can be concluded that an effective closed loop
supply chain covers environmental factors along with
considering economic factors [32].

Karampour et al. [1] investigated at an alternative
method to reduce fuel consumption and emissions of
pollutants in a supply chain, which can shift the Vendor
Managed Inventory (VMI) to the Green VMI (GVMI).
So they designed a two-echelon bi-objective green
supply chain with a vendor and a number of retailers,
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which aimed to increase chain profits and reduce carbon
emissions through transportation. The proposed model
was solved with Nondominated Sorting Genetic
Algorithm (NSGA-II), Multi-Objective of Keshtel
Algorithm (MOKA) and Multi-Objective of Red Deer
Algorithm (MORDA), and finally a comparison between
the three methods showed that the MORDA method
performed better than the other two methods. Igbal et al.
[33] provided a mathematical model for minimizing
energy consumption in a green chain. In their proposed
supply chain, discarded materials were taken back from
customers and returned to the collection centers to be
recycled and reused as second-hand materials. Wang et
al. [34] presented a mathematical model for pricing in a
green supply chain. Their supply chain was considered to
be reverse, including producers, distributors, customers
and collection centers. The results indicated that the final
price of the product was not affected by the collection
method. Safaeian et al. [35] presented a 4-objective
model to select the best supplier, and the order allocation
operation was considered due to the incremental discount
in a fuzzy environment in the presence of uncertainty.
The fuzzy method used was Zimmermann, and to reduce
the risk, demand was considered uncertain. The four
objectives of this model were to reduce costs, increase
service levels, increase product quality and reliability.
Finally, the model was solved using the NSGAII method.
Wang and Li [36] presented an integer linear
programming model for the design of reverse logistics
networks, in which repair and reconstruction options
were considered simultaneously. Considering risk as
fuzzy was one of the innovations of their research. They
considered minimizing risk and transportation costs
simultaneously. Samuel et al [14] designed a
deterministic mathematical model for a supply chain
network under different carbon emission policies. They
considered the quality of returned products in a closed-
loop supply chain considering the different carbon
emission policies. Finally, their proposed model was
solved with a robust optimization approach.
Fathollahi-Fard et al. [37] provided a green home
health care supply chain which started from the pharmacy
and continued to the patient's home. In this supply chain,
scheduling and routing were considered as a competitive
advantage for organizations providing this type of
service. Locating the nearest pharmacy and allocating it
to the customer were two of the most important factors in
this supply chain. Finally, the model was solved with the
Simulated Annealing algorithm and the Epsilon
constraint method was used to examine the solutions in
small-scale. Baptista et al. [38] proposed a multi-period
multi-stage stochastic mixed zero-one optimization
model for establishment and expansion of reverse
logistics processing networks to maximize profits.
Among the innovations of their proposed model were
simultaneous consideration of various uncertainties such

as demand, production cost, volume of returned products,
and risk management.

Yun et al. [39] designed a sustainable closed loop
supply chain with economic, environmental and social
criteria. Their objectives included minimizing total costs,
minimizing the amount of carbon dioxide emissions, and
maximizing social impact. Three types of distribution
channels were considered in this study, including normal
delivery, direct delivery and direct shipment. Finally, the
model was solved by a hybrid genetic algorithm. Rabbani
et al. [40] presented a multi-objective, multi-period
model for location and allocation in a sustainable supply
chain. Considering the different technologies for vehicles
that lead to different costs, including the cost of carbon
dioxide emissions, was one of the contributions of this
research. In order to deal with the uncertainty of the
problem, Hybrid Robust Possibilistic Programming-II
(HRPP-I1) approach was used. Finally, a case study was
solved with the Epsilon constraint approach. Roghanian
and Cheraghalipour [41] presented a multi-objective
mathematical model to reduce costs and reduce CO;
emissions in the food supply chain. Among their research
innovations were the consideration of all levels of
decision-making, including the production of products,
distribution, inventory, sustainability, the consideration
of several vehicles in order to overcome shortages, as
well as the location of facilities. Taleizadeh et al. [42]
examined the supply chain design problem under
uncertainty in demand and by integrating supply chain
design and production planning for chain components.
They adopted a robust optimization approach. To solve
the model, they used a heuristic method to break down
the main problem into two sub-problems. Uncertainty
was considered as scenario-based, and considering the
uncertainty of product quality was one of their research
innovations.

Mehranfar et al. [7] designed a sustainable
production-distribution system using mixed integer
programming and used a hybrid metaheuristic method
based on Whale optimization algorithm and simulated
annealing to solve it. It was one of the first studies that
used this approach to solve problems.

2. 2. Quantitative Modeling of Risk in Supply Chain
The most basic research that has examined sustainability
in a closed-loop supply chain considering risk is for
Rahimi and Ghezavati [43]. They offered a multi-period
multi-objective linear programming model for a closed-
loop supply chain considering risk and uncertainty. The
objectives of this study included increasing profits and
social effects as well as reducing environmental effects.
Soleimani and Govindan [25] used a two-stage stochastic
model to examine the effecof risk in a closed-loop supply
chain using conditional value at risk. Khalili-Damghani
and Ghasemi [44] provided a three-level supply chain
based on conditional value at risk. In their model,
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suppliers and producers sought to increase profits, and
retailers sought to increase their profits by considering
conditional value at risk.

2. 3. Modeling Uncertainty in Supply Chain
There are several ways to consider uncertainty, one of
which involves fuzzy sets. Usually when the information
available is ambiguous, fuzzy set theory can be used to
consider uncertainty in the real world. Uncertainty is
widely used in supply [12]. Chen et al. [45] conducted a
study assuming uncertainty in demand.

Fathollahi-Fard et al. [19] modeled a multi-
warehouse multi-period bi-objective home healthcare
problem in a fuzzy environment. Jimenez fuzzy was used
to control the uncertainty of travel time and patient
satisfaction. Then, the model was solved by meta-
heuristic methods and the results showed the proper
performance of the model. Petrovic et al. [46] considered
demand as uncertain in their study. El-Sayed et al. [47]
used stochastic programming to determine the
uncertainty of the problem parameters. Pishvaee et al.
[48] used fuzzy mathematical programming for
modeling. Ali et al. [49], while modeling a reverse supply
chain, examined its application to air conditioning
products. The uncertainty in the considered sustainable
supply chain was fuzzy; in fact supply chaimn modeling
(SCM) is extensively discussed in literature [50-65].
Locating collection and recycling centers was one of the
most important objectives of this study. Abdi et al. [66]

modeled a two-objective closed loop supply chain using
two-stage stochastic programming and applied robust
method to control the uncertainties related to product
production, customer demand, product price, and product
return rate. Considering the objective function of cost and
financial risk was among the contributions of this
research. Finally, the model was solved using Whale
Optimization Algorithm (WOA), Particle Swarm
Optimization (PSO), Genetic Algorithm (GA) and
Simulated Annealing (SA) methods and their results
were compared.

Nezhadroshan et al. [50] studied a humanitarian
logistics due to the need for emergency services in the
case of disaster. Considering the robust uncertainty,
resilience and various earthquake scenarios were among
the contributions of this research. In their study,
warehouses and distribution centers could be reopened
and the inventory level of warehouses, distribution
centers and the flow between facilities were determined
by the model.

Table 1 categorizes and summarizes the literature
review of the most relevant studies in the field of supply
chain modeling in terms of the solution approach, the
type of modeling, the type of objective functions, and
attention to risk.

The research gap observed in the literature is as
follows. The only study that examined the effect of risk
as a part of the objective function on the closed-loop
supply chain, considering environmental effects, is the

TABLE 1. Summary of literature review

Approach Model Type Network Type Objective
Ref. ] _ Risk o Non ) ) ] )
2stage Stochastic Fuzzy Probabilistic Deterministic Deterministic Direct Reverse Economic Social Environment

[33] * * * * * *
[49] * * * *

[34] * * * * * *
[66] * * * * * *

[36] * * * * *

[24] * * * * * *
[4] * * * * *
[51] * * * * * *

[14] * * * * *
[42] * * * * *
[43] * * * * * * *
[52] * * * * *
53] * * * * * *
[15] * * * * *

* * *

[25] * *
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study of Rahimi and ghezavati [43]. Therefore,
considering risk in the objective function with effective
methods such as conditional value at risk is one of the
issues that have received less attention. Therefore, in this
paper, a multi-period multi-product multi-objective green
closed-loop supply chain network design model is
developed for locating distribution, collection, recycling,
and burial centers by considering the conditional value at
risk and scenario-based demand uncertainty; and it is
estimated using fuzzy theory and fuzzy expert system
alongside product quality scenarios.

3. DEFINITION OF THE PROBLEM

In this study, a green closed-loop supply chain is
presented considering the quality of returned products,
risk and fuzzy demand uncertainty under different
scenarios. Figure 1 shows the conceptual model.

According to Figure 1, the demand is estimated using
the fuzzy inference system and the method used is
Mamdani inference system due to its successful use in
many previous studies. Then the risk is added to the
model as a part of the cost objective function using the
conditional value at risk approach. In the supply chain
considered in this study, the flow of returned products is
determined based on their quality, then after solving the
model, sensitivity analysis is performed on basic
parameters such as alpha and lambda and by keeping the
other parameters constant, its effects on the values of the
objective function is investigated.

3. 1. Fuzzy Inference System In this section,
Mamdani and Asilian's [60] inference system is used due

FIS

Identifying demand criteria according to
previous studies

Sensitivity
HAMBAD Lo Analysis fef ALPHA
¢ A) : (a)

Fuzzification
Generating membership functions of
linguistic statements i

‘ CLSC

Rule Evaluation
With fuzzy rules, the standard
intersection (min) operator is utilized

i >

Aggregation
The standard union (max) operator is

used

‘ Returned Quality of
Chain 9 returned product

Forward Chain | [¢—| Risk (CVaR)

Defuzzification

Center of gravity is applied
Quiput
Demand

Figure 1. Conceptual model

to its simple structure, acceptable results, simplicity of
interpreting the results, and its success in previous studies
[52-55]. In this study, a fuzzy inference engine has been
designed to estimate the demand and its related scenarios.
The fuzzy system used includes three operational stages,
which are described in Figure 2.

3. 1. 1. Identifying Input Indicators To deal
with the proposed uncertainty, the fuzzy inference system
approach is used to estimate demand. Factors influencing
demand uncertainty include price, quality, environmental
effects, advertising, and availability. These factors are
based on the studies of Prasad and Sounderpandian [64],
Attaran and Attaran [65] and Bhardwaj and Palaparthy
[52].

3. 1. 2. Fuzzification In this research, there are
two scenarios of stagnation and boom for demand. In the
proposed fuzzy system, the demand estimation criteria
identified in the previous stage are the same for both the
stagnation scenario and the boom scenario. They are
considered as FIS inputs, and fuzzification operations are
performed on them. In this stage, we consider
membership functions for each input variable so that
deterministic inputs become fuzzy and enter the fuzzy
inference system.

3. 1. 3. Fuzzy Rules Rules are the main part of
the FIS model. Fuzzy rules are determined as if-then
based on expert opinions. A fuzzy rule can be as "if x, is
a; AND x, is by THEN y is c¢;" so x,,Xx,are variables
and y is the desired variable and a b and c are linguistic
variables, which are mentioned in Table 2.

I'he Crisp inputs

Inference The Crisn Outou
Fuzzifier :> engine :,) Difuzzifier =5

Fuzzy rule
base

Figure 2. The Mamdani’s FIS adapted from Amindoust et al.
[58]

TABLE 2. FIS setting

Feature Description
Fuzzy type Mamdani
Number of experts 9
Complete rulebase 486
Input of each rule 5
Output 1
Linguistic features of inputs 3

Defuzzification method COA(Center of area)
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3. 1. 4. Inference Engine The main function of
the fuzzy inference engine is adapting the rules to the
inputs and to integrate the considered fuzzy sets
according to the fuzzy rules.

3. 1. 5. Defuzzification It is converting fuzzy
outputs to deterministic information. Among four parts
of a fuzzy system, computing defuzzification has the
most complexity in terms of computation, and it is
Defuzzifier that finally determines the numerical value.
Common defuzzification methods include: the center of
area method (COA), bisector of area method (BOA),
mean of maximum method (MOM), smallest of
maximum method (SOM), and the largest of maximum
method (LOM). In this research, the center of gravity
method is used.

4. DETERMINING DEMAND WITH FUZZY MODEL

Some basic concepts should be defined to design a fuzzy
demand estimation model, so these concepts are
examined in the following sections.

4. 1. Determining the Membership Degree in the
Proposed Model The membership degrees used
in the Fuzzy Inference System (FIS) of this research are
in both trapezoidal and triangular forms. Trapezoidal
fuzzy numbers are shown asw = (a, by, b,, ¢) according
to Figure 3. Also, trapezoidal numbers are defined as
relation. Based on relation, if b; = b,, trapezoidal fuzzy
numbers will become triangular fuzzy numbers.

0 x<a
:“Z a<x<bh
() =<3 1
by—
0 x>c

4. 1. 1. Membership Function of Inputs and
Outputs At this stage, the membership function
of inputs and outputs are used in the FIS system. The

linguistic terms used in this study are "low", "average"

»
L
a b by, & %

Figure 3. The trapezoidal fuzzy membership function

and "high" according to Figure 4. These variables are
equivalent to fuzzy numbers in the range of 500-1500 for
demand in the stagnation scenario and the range of 1500
to 3000 for demand in the boom scenario, which are
shown in Table 2.

4. 1. 2. Membership Function for Criteria Weights
As mentioned in this study, there are 5 criteria for
estimating demand and the linguistic terms to describe
them are "low", "average" and "high". To determine the
importance of weight of these variables, they are equated
with trapezoidal fuzzy numbers in the range between zero
and one. Figure 5 shows three fuzzy sets, and the weights
of the linguistic variables are shown in Tables 3 and 4.

4. 2. Fuzzy Operators Mamdani and Larsen

implication relations use the min and multiplier
operators, respectively, to obtain the truth value of each

Degree of

Bl 1250
750 1000 1500

Figure 4. The triangular fuzzy membership function for
stagnation scenario

Degree of membership

0 01,1 01.2 OL.S 01.4 0.5 01,6 0),7 01.8 019 1
Figure 5. Membership functions for the weights of criteria

TABLE 3. The linguistic terms for demand evaluation

Scenario Linguistic Terms Fuzzy Set
Low (500,750,1000)

Stagnation Average (750,1000,1250)
high (1000,1250,1500)
Low (1500,1750,2000)

Boom Average (1750,2000,2500)
high (2000,2500,3000)
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TABLE 4. The linguistic weighting terms for criteria
Linguistic Terms

Fuzzy Set
(0,0,0.2,0.4)
(0.2,0.4,0.4,0.6)
(0.4,0.6,0.6,0.8)
(0.6,0.8,1,1)

Weak importance (WI)
Moderate importance (MI)
Strong importance (SI)

Extreme importance (EI)

rule. Equations (1) and (2) show Mamdani and Larsen
implication relations, respectively.

R(U,V) = min[u, (W), up(u)] )

R, V) = pa(). pp(w) @)

4. 3. Implementing the Fuzzy Rule-based System
As shown in Figure 5, the inputs of the fuzzy inference
system include the criteria of price, quality,
environmental effects, advertising, and availability, and
the output of the system is the predicted amount of
demand. Also, the rules for estimating demand in boom
and stagnation scenarios are stated in Table 5.

In this study, the Mamdani implication relation has
been used to obtain the truth value of each rule. As shown
in Figure 5, the inputs to the fuzzy inference system
include the criteria of price, quality, environmental
effects, advertising, and availability, and the output of the
system is the predicted amount of demand. Figure 6
shows mamdani FIS model.

Defuzzification is the process of converting a fuzzy
set to a definite number. Therefore, the input of the
defuzzification process is a fuzzy set (the result of the
aggregation of output fuzzy sets) and its output is a
number. There are various methods such as the center of
gravity, bisector, mean of maximum, smallest of
maximum, and the largest of maximum for
defuzzification. However, the center of gravity method is
the most commonly used method [56]. In this study,
COA method was used for defuzzification. Equation (3)
is the defuzzification relation based on the center of
gravity.

Figure 6. Mamdani FIS model

J I#i (%) xdx (4)

I:yi(xi)dx
where x; is a member of the set X, which is defined as
X = X4,Xy, ... ,X,. The membership value (1) indicates
the degree of membership of each member of x; in the
fuzzy set X, which is shown as X-=
X1 (M), X2 (H2)) -, Xn (Bn)-

It is worthwhile to say that after multiplication of
criteria and sub-criteria weights by customer’s demand in
the boom and stagnation scenario, the range of demand
([500-1500] in stagnation scenario and [1500,3000] in
boom scenario) is reduced. So, the obtained results do not
satisfy the aims of designed rules and causes inadequate
precision for the FIS outputs. To tackle this problem, the
FIS inputs are normalized for remaining in the previous
scale of inputs. This methodology must be repeated for
each candidate scenario.

COA

4. 5. Introducing the Research Problem In
this research, a four-level supply chain network includes
suppliers, producers, distribution centers, and customers
in direct route and includes collection, recycling, and
disposal centers. This model is multi-product and multi-
period. Distribution, collection, recycling and disposal
centers can be reopened. Overproduction in factories is
transported to the producer’s warehouse, and both the
producer and the warehouse can send the products
directly to the distribution centers. Suppliers, collection
and recycling centers are responsible for providing
components and raw materials to production equipment.
New products are sent from factories to customers
through distribution centers to meet their demand, and
the reverse supply chain process begins with customer
returned products. The decisive role in the flow of
returned products is played by their quality, so that the
returned products are disassembled according to their
quality in the collection centers and high quality parts
(gs;) are sent to production centers, reproducible parts
(gs,) are sent to recycling centers, and non-usable parts
(gs3) are sent to the disposal centers. It should be noted
that the demand parameter in the proposed model is
considered as uncertain and to deal with the proposed
uncertainty, the fuzzy inference system approach is used
to estimate demand.

Therefore, the research steps are as follows. First, the
values of uncertainty in demand are estimated using the
fuzzy inference system approach and the identified
factors. After mathematical modeling, the problem is
solved using the multi-objective particle swarm meta-
heuristic approach. Finally, sensitivity analysis are
performed on the results. Figure 7 shows the research
steps.

In the following, based on the definition of the
problem, the mathematical model is designed and the
components of the model are described. In this research,
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TABLE 5. The fuzzy rule base matrix based on scenarios

Criteria
Scenario Price Quality Environmental Effects ~ Advertising Availability Demand
low medium low medium High High
Market boom low High medium High medium High
medium medium low High High medium
High low High low medium low
Market stagnation High medium medium medium low low
medium low High low medium low

Mathematical
modeling of multi-

Demand estimation
using fuzzy
inference system

location problem

period multi product

Solving the model
using particle
swarm meta-

heuristic approach

Analysis of results
obtained from
solving the
proposed model

Figure 7. Research steps

the model determines the optimal amount of product
delivery to the market based on the market situation and
related scenarios. In this study, two modes are considered
for different scenarios. The first scenario is boom and the
second scenario is low boom of the market. Each of these
scenarios will affect product demand and lead to a change
in demand. And the probability of occurrence of both
scenarios is equal.

In this study, two objective functions are considered.
In the first objective function, we seek to reduce costs,
and in the second objective function, we seek to minimize
environmental effects and carbon dioxide emissions.
Figure 8 shows the proposed supply chain structure.

4. 6. Model Assumptions

- Uncertainty in parameters such as demand is considered
as scenario-based.

- The model is multi-product and multi-period and the
shortage is not allowed in the model.

- Each seller can be served by all warehouses and each
warehouse can be served by all distribution centers.

- Each product can be taken back in one period and each
returned product can only be recycled, collected and
disposed or sent to supply, production and distribution
centers in that same period.

- Each unit of distance is considered equal to one unit of
cost.

4. 7. The Main Structure of the Mathematical
Model Value at risk is a measure of financial risk,
which is widely used in the financial industry [62]. For
the decision variable x selected from the set X, for each
xeX, loss is T = L(x,y) where x is the decision variable
and y is the random variable, and in the significance level

ae(0<1) for the value at risk , loss of T is defined as
follows [44].

VaR,(x) = min{y|p{y|L(x,y) <y} = a} 5)

Due to not being convex and addable, the VaR criterion
is not appropriate. Therefore, the conditional value at risk
(CVaR) criterion is used, which is expressed as follows
[30]:

CVaR,(x) = @, (x) = E{L(x,&)|L(x,&) =
VaR ()} = o= [ e LEVFG)dy ©)

where f(y)is density function of €. Rockafellar and
Uryasev [54] proved that to minimize CVaR, it is
sufficient to minimize the following function:

CVaR,(x) = Fy(x,y) =y + = E[[Lx, ) =¥]*] (D)
In the above formula, the addition operator is as follows:
[t]* = max{0, t} (8)

The decision maker may consider a tolerance of previous
loss (B), which this constraint is shown in Goh and Meng
[55] as follows:

CVaR,(x) < B ©)

4.7.1.RiskModeling  Ingeneral, the two indicators
of cost minimization (profit maximization) and loss
minimization are important for decision makers. To
determine these two criteria simultaneously in a model,
we use a risk aversion rate, Ae(0<1), and the linear
combination of this criterion and the cost criterion
f(x,y) in the objective function is expressed as follows
(hy(x,y) represent the constraints of the problem):
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Producer’s
warehouse <

Supplier Manufacturer

li
Recycling Collection

Reverse route

Direct route

. Cust
Distributor uRomer

Burialand
disposal

Figure 8. Proposed supply chain structure

Min(1 - DE[f(x,y) + Z CVaRa(x)
JEM@xNI<0 l=j+1,..,
kCVaRax < fx € X

By placing the formula of CVaR in the above model, we
will have:

min(1 — 2) E[f (x, )] + A(y + — E[[L(x, &) = y]*)
E[m(,y]=0 1=12,..,j
Em(x,)]<0 1=j+1,..,k
y+—E[[L(x,e) —y]* < B
Zhou et al. [48] rewrote the above function and made it
linear:

Fa(xy)=r+0YIL(xy)-7T

(11)
(x,y)eX R

whered = ((1-a)sen)™ (12)

Ts = L(x,e) —v (13)

and the final model, considering the risk and cost, is
presented as follows:

min(1 = DE[f, D]+ Ay +0%s=1 Ty) (14)
St:

Elhx,»]=0 1=12,..,j

Elh(,y)]<0 1=j+1,..,k (15)
Ts = L(x,e)—y s=12,..,8

T4=>20 ZseR s=12,..,S

+0%=1 TP
The objective function of cost minimization:

X, y)eX «R

minzl= (Yrex fiVk + Lmem  fnIm +
ZpEP prp + Zn fnyn) T Wsen
(Zt Zsen (ZSES Ziel Zje] Cisj,senxisﬁsen +
ZSES Zje] CQJS'j,senQJS']é,sen +
ZSES Zje] ZkEK stk,senxjskt,sen +
ZSES Zije] ZREK Cq}?k,senQ}?lg,sen + (16)
ZSES ZkEK ZIEL Clil,senxlg,sen
+ ZseneSe;n (Zses ZIEL ZmEM

s s
Cim,senXim,sen +
st
Yses  XmeM ZpEP Xmp,sen
mp,sen

+ ZSES ZmEM ZTLEN Cfnn,senxfntn,sen +

N

Zses ZmEM Zje] Cfnj,senxrsrfj,sen +
ZSES ZpEP ZjE] C;j,senng,sen +
ZSES ZpEP ZiEI C;i,senxzf,sen +
ZSES Zje] hf,sen Ujs,gen)

ZtET Zsenesenaria ZSES Zje]
(COS ts,sen (Q]S;,sen + ZkEK xjskt,sen)))

The first objective function includes minimizing the cost
of establishing facilities, the cost of transporting the flow
of materials between centers, the cost of storing materials
in the producer's warehouse, the cost of returning the
product, the cost of collecting, the cost of recycling, the
cost of burial and disposal, and the cost of production for
each product. The second objective function:

Minz, = TE + FE FE = Ypex  Vk- Ox +
ZmEM Ym- 0 ’m + ZpEP yp' o ”p +
Ynen Yn- 0 nTE = Ysenesen Wsen- CEM

t
ZSES Ziel Zje] Cisj,senxisj,sen +

ZSES Zj €] qusj,sen Qﬁ,sen

+ ZSES Zje] ZkeK Cfg}c,senxjskt,sen +

ZSES Zije] ZkeK CQ}?k,seanli,sen + (]_7)
ZSES ZkEK ZleL Clﬁl,senxlif,sen

+ ZSES ZleL ZmeM Cfm,senxls‘rgl,sen +

ZSES ZmEM ZpeP Cfnp,senx'frfp,sen

+ ZSES ZmeM ZnEN Cﬁnn,senxrsrfn,sen +

ZSES ZmEM Zje] Crsnj,senx‘rsntj,sen +

ZSES ZpEP Zje] Czsaj,senxi;g’,sen +

ZSES ZpEP Ziel C;i,senx;g,sen]

The second objective function consists of two sections.
The first section minimizes the adverse environmental
effects (released carbon dioxide) caused by the
establishment of potential centers. The second part of the
objective function also minimizes the adverse
environmental effects (released carbon dioxide) caused
by the transportation and flow of products.

maxz3 = Yier Lsen (ZkEK Tk,senYk t

Ymem Tiny,senYm + ZpEP Tinv,senYp +

ZnEN ”inv,senyn) -

ZtET Zsen (Zje] Zses (lp]'(Qﬁ,sen +
ZkEI( x]%,sen) ))
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The third objective function is expressed in the form of
social responsibility as above. The first phrase of the
objective function indicates the number of job
opportunities created in the facilities with the ability to
reopen, such as distribution, collection, recycling and
burial and disposal centers. The second phrase indicates
the workplace injuries in the above centers.

Constraints:

ZkEK xlﬁ,sen - dlsenVI ELVsE S't €

(18)
T,sen € scenario

ZmEM xfrfl,qs,sen =

Tlqu,sen(ESES ZIEL xlgf,sen) VZ € L' Vs € S' te (19)
T, qs,sen € scenario

Constraints (18) and (19) ensure that the total demand of
customers may not be met in the direct flow, and that all
returned products will be collected from customer centers
in the reverse flow.

t —
Zq51 ZJE] x‘rsnj,qs,sen =

BjSt qu (ZZEL xisrgz,qs,sen)vm € M' Vs € (20)
S,t € T,Vsen € scenario

st —
ZmEM xlm,qs,sen -
t
rlqu,sen(ZsES ZZEL x;l,sen) vie L' Vs € S,t € (21)
T,qs,sen € scenario

qu3 ZnEN x1sntn,qs,sen =
Bnst qu (ZleL xlsrgl,qs,sen)vm €M, Vs € (22)
S,t € T,Vsen € senario

Zje] ( ksen + Q}k sen) ZlEL xlg,send € (23)
K,Vs € S,t € T,Vsen € scenario

quz ZmeM xrsntp,qs,sen = ZjE] x;;’,sen (24)
Vp € P,Vs € S,t € T,Vsen € senario

t t
ZiEI xfgj,sen + qul ZmeM x-rsn] gs,sen +
t — .
ZPEP x;j,sen - ZkEK jk sen + Qj] senvj € (25)
J,Vs €S,t € T,Vsen € scenario

t
2051 Zje] xrsnj,qs,sen +
quz ZpeP xrsntp,qs,sen +
qus Ynen x‘frfn,qs,sen = (26)

qu YieL Xlsrfl’sean EM,VsES,tE
T,Vsen € scenario

Ujsgen - Q]sj":,sen - Zkel( st'lg,sen Vj E/Vs€EStE

) (27)
T,Vsen € senario

Constraints (20) to (27) relate to flow balance constraints
in the nodes.

Ykek Qfksen < QfjsenVi €EJ,VS €St €

28
T,Vsen € senario 28)

Constraint (28) ensures that the amount of outflow from
the warehouse of the production center is less than the
total inflow to the warehouse.

Yses Njej Xifsen S ca;Vi € 1,t €T, Vsen € 29)
senario

ZSES ZkEK k sen + Zses Q]] sen Cajvj € ] ,TE (30)
T,Vsen € senario

Yses  XleL xkl sen < CaryVk €K, t €
T,Vsen € senario

31
qul ZsES Zje] letj,qs,sen +

qu3 ZSES ZnEN x‘rb;ltn,qs,sen + (32)

Zqu ZSES ZpeP xrs;fp,qs,sen < Camymvm €

M,t € T,Vsen € senario

ZSES (qul ZmeM xrsntj,qs,sen +
Yper  Xpisen) S CTVj €t €T, Vsen € (33)
senario

t
qu3 ZSES ZmEM x‘rsnn,qs,sen < Canynvn € (34)
N,t € T,Vsen € senario

Zqu ZSES ZmEM xmp gs,sen < Cap)’pvp €
(35)
P,t € T,Vsen € senario

Yses Uften < cajjVj € ],t € T,Vsen € senario (36)

Relations (29) to (36) ensure that the flow is only
between points in which a facility has been established
and that the total flow in each facility does not exceed its
capacity.

Ykek Yk =1 @37
Ymem Ym=1 (38)
Yper Yp =1 (39)
Ynen Yo =1 (40)

Relations (37) to (40) ensure that at least one of the
potential centers is active.

BjSt + BpSt + BnSt = 1Vs€S,t €T (41)

Relation (41) ensures that the sum of the coefficients of
the returned products is 1.

Yo Vie» Ypr Yn € {0,1}vm € M,Vk € K,Vp €

42
P,vyneN,teT (42)
ls]t’ ]k j]t’ U]St'xkl'Q]k'xlm' m]'xmpvxrsntn =0
Viel,Vje],VkEK,VIELVmE M,Vn € (43)

N,Vp€eP,teT

Constraints (42) and (43) are logical and obvious
constraints related to problem decision variables.
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5.SOLUTION METHOD
Solution method is as follow:

5. 1. Multi-objective Particle Swarm Solution
Algorithm Figure 9 shows the structure of MOPSO
optimization algorithm.

5. 2. Adjusting the Coefficients Managers look
for better ways or solutions for improvement, which will
help them manage the entire organization. Metaheuristic
algorithms are easy, cost-effective, and important tools
that allow researchers and managers to solve problems
[56]. PSO method is one of the best problem solving
techniques among swarm-based methods [56, 66].

In the MOPSO algorithm, the equations describing
the behavior of the particles are as follows, in which
Equations (44) and (45) determine the velocity and
position of particle i at the moment t + 1.

Vit + 1] = wVie] + ¢y (xPPesE[e] — x¥[t]) + ”
1y (x9Peste] — x1[t]) (44)

xt + 1] = xi[t] + Vi[t + 1] (45)

where x![t]is the position of the particle i at time t,
Vi[t] is the velocity of the particle i at time t, x"PeSt[t] is
the best position of the particle i at time t. Also, w is the
inertia coefficient, ryand r,are random numbers between
zero and one with uniform distribution, and ¢, and c, are
the personal and global learning coefficients,
respectively. The inertia coefficient w is an important
parameter in particle swarm optimization algorithm,
which has a direct effect on the convergence of the
algorithm. In other words, it controls the effect of
previous velocity on current velocity. A proper value for

Start

Generation of
initial particles

Calculating the No Is the end
fitness values of < condition
particles met?
i v i
i e { i o S
| Updating pBest and i =
ul nBest ¢
i |
I |
I —— 5
T End

Calculating the velocity
and position vector of
particles

Figure 9. Structure of solution algorithm [48]

w creates a balance between local search and global
search and often reduces the number of iterations needed
for convergence to a proper solution. Pishvaee et al. [48]
proposed the value of Equation (46) for the value of
inertia.

W = Wingy — nin (46)
where wy,.« is the initial value of the inertia coefficient,
WminiS the final value of the inertia coefficient, and
iterp,.xiS the maximum number of iterations of the
algorithm. Through this relation, the value of w is
considered as large in initial stages to conduct a
complete, global search of the search space. Then, during
the implementation of the algorithm, the value of w is
gradually reduced to bring the algorithm closer to the
convergence boundary. According to Relation (46), the
values of iterp,, = 500, wp, = 0.4and wp, =
1.2 are considered for each of the parameters. Also, 100
particles are used for searching the solution space.

5. 3. Displaying the Particles As can be seen in
the Figure 10, in this study, the integer values are used to
display the amount of remaining inventory of the product
s in the warehouse of the production center j during
period t in the scenario sen.

5. 4. Generation of Initial Solutions For the
generation of initial particles, a quasi-random method is
designed to use those particles between the two modes of
minimum and maximum number of deliveries. The steps
of this process for the generation of initial particles are as
follows [57]:

All components of the first particle are considered
equal to 1. This particle is the particle with the highest
number of deliveries and always feasible. In other words,
the first particle represents the mode in which we produce
in all periods and send in all periods for all retailers.

We put the first and second particle as the first and
second parent. Then, using the scattering crossover
operator, we create the other required particles. To
perform the scattered crossover operator, first a zero and
one random array the same size as the particle is created.

[ )

Sen Sen Sen

A ——

S 21| 38| 75| 75
; 68| 26| 62| 48
54| 71| 40| 57
20( 16| 74| 45
S 15 |82 |76 |60
35| 68| 78| 64

Figure 10. An example of displaying the particles
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If the component i of the random array is 1, the
component i of the child particle (new particle) will be
equal to the component i of the parent 1 (the first
particle), otherwise it will be equal to the component i of
the parent 2 (the second particle). The operation of the
scattered crossover operator is presented in Figure 11.

5. 5. Stop Criterion The maximum number of
iterations for all problem modes is considered as 500.

5. 6. Computational Results Epsilon constraint
method is one of the well-known approaches for dealing
with multi-objective problems. It solves this type of
problems by transferring all the objective functions
except one of them to the constraints at each stage. The
Pareto boundary can be created by the e constraint
method [50]. In this method, we always optimize one of
the objectives, provided that we define the highest
acceptable limit for other objectives in the form of
constraints, so that [57]:

min f (x)
x€EX

L@ <e (@7)

f00) < &

Table 6 shows the results of solving the model in small
and medium scale. This table compares the results of the
Epsilon constraint approach and particle swarm
optimization. It should be noted that examples 1 to 4 are
small scale and examples 5 to 8 are medium scale. The
results of solving each of the two approaches are also
listed in Table 6.

Parent (first particle) T V130 O O 0 [ N T |

Parent (second particle) I [0 [0 1 00 1]
Random array I @] ® [T ¥[8 17T
Child (new particle) 1] 0 6| I [0 1]

Figure 11. Performing the scattered crossover operator

According to Table 6, the mean error for all examples
is below one percent. As it is obvious, the mean error
percentage for objective function values is below one
percent. Due to the small difference of error between the
two algorithms, the accuracy of the performance and
efficiency of the multi-objective particle swarm
algorithm is proved, and the multi-objective particle
swarm algorithm can be trusted to solve large scale
problems. The results of the solution indicate that the
growth rate of the solving time of the exact solution
algorithm is much higher than that of the meta-heuristic
algorithm. The mean solving time of the Epsilon
constraint approach is 2047.25 seconds and the mean
solving time of the particle swarm approach is 19
seconds. Therefore, according to the results of Table 6,
we can trust the particle swarm algorithm to solve large
scale problems as well as predict its good performance.
Figure 12 shows the Pareto points obtained from
numerical samples. The red points are the Pareto points
for the particle swarm approach.

5. 7. Metrics to Evaluate Proposed Algorithm
To evaluate the accuracy of the proposed particle swarm
algorithm, two metrics of MID and SM are presented.
Spacing: This metric calculates the standard deviation
between the solutions and the Pareto points. This metric
is defined as Equation (48):

n-1
2in

(n-1)d

di_a\

SM = (48)

N is the number of Pareto points, d;is the Euclidean
distance between the two adjacent Pareto points, and d is
the average Euclidean distance of the solution points. The
closer this value is to zero, the closer the Pareto points
and the better the performance of the algorithm will be.
Mean ideal distance (MID): Calculates the convergence
rate of Pareto points to the ideal point (0.0). This metric
is defined as Equation (49):

TABLE 6. Comparative results of solution in small and medium scale

Epsilon Constraint MOPSO Error

f1 f2 f3 Time(s) f1 f2 f3 Time(s) f1 f2 f3
805 415 289 1 805 415 289 1 0 0 0
838 421 311 48 843 426.9 301 3 0.005967 0.01329 0.0332
952 429 314 53 956 432 304 7 0.004202 0.00582 0.0329
876 451 328 104 993 457 325 16 0.133562 0.01226 0.0092
1753 769 639 1799 1779 773 634 31 0.014832 0.00523 0.0079
1809 861 755 2131 1891 866 747 35 0.045329 0.00552 0.0107
1915 921 816 3313 1929 942 815 39 0.007311 0.02272 0.0012

2232 1151 996 8929 2234 1169

984 58 0.000896 0.01555 0.0122
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best best best
fli - fl fz\ - f2 fai - fa

Zi\/(fmax_fmin)+(fmax_fmin)+(fmax_fmin) (49)
MID =

1,total 1,total 2,total 2,total 3 total 3 total

n
fii is the value of j-th objective function for i-th Pareto
front. f;fora and fiflgggal are respectively the highest and
lowest values of the j-th objective function among the
Pareto points. So the lower the MID value is, the better
the performance of the algorithm will be.

Table 7 shows the metrics for small and medium scale
problems. The resuls show that the mean of MID and SD
metrics are 0.338 and 3.971 resecptivly. Therefore, the
results of the solution can be trusted and the algorithm
can be used to solve in large scale problems.

5. 8. Numerical Example In this problem, the
number of suppliers, producers and distributors is 5, the
number of customer centers is 6, the number of
collection, recycling and disposal centers is 5, the number
of products is 2, the number of periods is 2, the number
of scenarios is 2, and the number of quality levels is 3.
Because it is a two-objective problem, the solutions are
reported for 1 point of a specific Pareto point of a
numerical example. The method of selecting a Pareto
point is that due to the fact that the cost factor (first

3rd Objective

104,
1400

45

1000
4 1st Objective

2nd Objective 800

600 3
Figure 12. Pareto front

TABLE 7. Metrics for small and medium scale problems

MID SD

0 0

0.217 2.584
0.244 2.845
0.257 3.168
0.27 3.621
0.441 511
0.468 5.138

0.475 5.335

objective function) is more important than social
responsibility (second objective function), the Pareto
point is selected for product number 1, which has the
lowest cost. It should be noted that the amount of gamma
calculated for the desired Pareto point is 66750. Some of
the input parameters of the problem are in Table 8.

The results of solving the model in MATLAB 2018
software are as follows. Table 9 shows the Pareto points
resulting from solving the proposed model. In this table,
ten points (in large scale problem) are examined and the
solving time indicates the appropriate performance of the
proposed algorithm.Table 10 shows values of location of
distribution, collection, recycling and disposal centers,
Tables 11 and 12 show the amount of flow of the product
from supply centers to production centers and the amount
of flow of the product from the production centers to the
distribution centers respectively.

5. 9. Sensitivity Analysis In this section, we

analyze the sensitivity of the important parameters of the

TABLE 8. Problem parameters for a=0.95, f=1000000, 2=0.6
Parameters

Uniform distribution function for each period

di%en 500-3000
coStgsen 150-200
Bp®t 0.3-0.6
fm 450-600
€5 sen 50-100
ca; 400-500
Ca, 400-500
04,0',, 0,0, 200-300
CEM 0.2-0.4

TABLE 9. Pareto points obtained from solving the model

No f1 fa f3 Time(s) MID SD

1 57313 2126 1825 2 0.358 2.649
2 57346 2135 1831 6 0.362 2.741
3 57167 2265 1832 7 0.389 3.002
4 56739 2283 1828 14 0.402 3.325
5 57627 2253 1827 19 0.415 3.778
6 57332 2260 1830 23 0.586 5.267
7 57316 2296 1831 26 0.613 5.295
8 57301 2835 1832 28 0.62 5.492
9 57321 2553 1829 32 0.649 5.681
10 57432 2568 1835 36 0.688 5.903
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TABLE 10. Values of location of distribution, collection,
recycling and disposal centers

Distribution  Collection

Recycling  Disposal Center

Center Center Center Center Number
1 1 0 1 1
1 1 1 0 2
1 1 0 1 3
1 1 0 1 4
1 0 1 0 5

TABLE 11. The amount of flow of the product from supply
centers to production centers (xisﬁsen

(Lj)/(sen,t) (senl,tl)  (senl,t2)  (sen2,tl)  (sen2,t2)
(i1,j1) 265 523 662 650
(i1,j4) 534 634 1264 698
(i2,j3) 631 582 1482 1058
(i2,j2) 649 638 1560 750
(i3,j5) 635 602 716 1409
(i3,j4) 565 598 856 785
(i4,j1) 489 645 1078 716
(i4,j4) 649 552 941 705
(i5,j3) 573 586 798 1088
(i5,j4) 450 562 789 1390

TABLE 12. The amount of flow of the product from the
production centers to the distribution centers (xjs,f,sen

(1,j)/(sen,t) (senl,tl) (senl,t2)  (sen2,tl) (sen2,t2)
(k1,j2) 565 631 1438 895
(k1,j3) 675 504 875 1301
(k2,ji1) 444 473 935 843
(k2,j2) 600 629 872 787
(k3,j5) 453 485 1384 1323
(k3,j4) 552 585 765 682
(k4,j4) 382 435 897 638
(k4,j3) 482 492 867 787
(k5,j1) 468 459 1256 956
(k5,j2) 453 510 796 861

model and examine the effects of changing them on the
variables and objective functions. As shown in Figure 13
shows the amount of changes of the first objective
function relative to the values of the alpha variables. As
can be seen, higher amounts of alpha lead to higher costs.
This increase is not linear and uniform, and the biggest

change occurs in the increase from 0.8 to 0.9, which is
much greater than the previous period, indicating that the
alpha level of more than 0.8 will lead to more costs.

Figure 14 shows changes in risk aversion rate (A)
relative to cost. As can be seen, the cost has a completely
linear relationship with the decision-maker's risk
aversion rate; so the more risk tolerant the decision
maker, the lower the value of the objective function will
be, and we need to spend more to avoid the risk as much
as possible. So, decision-maker only seeks to reduce
costs, and also, if A is assumed to be 1, it means that the
probable loss has much more importance for the
decision-maker than cost reduction.

50% -
40% -
30% -
20% -

Change in Objective
Function

10% -

0% -
0 010203040506 070809
The amount of change in Alpha

Figure 13. Sensitivity analysis of the objective function
relative to alpha values
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Figure 14. Cost changes relative to different Avalues

Cost changes

6. CONCLUSION

In today's competitive world, reducing production costs
and improving productivity are among the top priorities
in the thoughts and production policies of industrial
managers, and every company is trying to provide the
best solutions to meet the above needs. Therefore, at each
period, new approaches to inventory management and
control, and distribution of products are proposed,
including planning to reduce transportation costs and
reduce risk in the supply chain. Therefore, managers
must attach the same importance to the reverse supply
chain as they do to the direct supply chain. Paying
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attention to the social dimension in a supply chain,
especially in the conditions of market instability and
continuous market orientation towards recession and
boom, can have many benefits for organizations and
chain managers. For example, when the market is
booming, with proper modeling and forecasting of the
market conditions in times of recession, the
unemployment rate, dismissal and even workplace
injuries can be reduced greatly. This is the social
responsibility of a company towards society, because
such a forecast reduces crime, corruption and
delinquency rates and so on and it can raise the level of
hope and welfare in society. Therefore, in this study, a
multi-objective mathematical model for locating and
distributing products in a closed-loop supply chain has
been presented considering risk and environmental
factors. Considering the uncertainty of quality and
uncertainty of demand along with minimizing risk and
environmental impacts are among the main innovations
of this research. Fuzzy inference system has been used to
deal with uncertainty of demand, and this parameter has
been estimated using 5 identified factors. The results of
solving the model indicate that the mean of the Pareto
points obtained from the first objective function is
57289.4, the mean of the Pareto points for the second
objective function is 2357.4 and the third objective
function is 1830. Finally, examining the error rate of the
particle swarm approach and its much lower solving time
than the Epsilon constraint method shows its high
efficiency. The results of sensitivity analysis indicate that
higher amounts of alpha lead to higher costs. . This
increase is not linear and uniform, and the biggest change
occurs in the increase from 0.8 to 0.9, which is much
greater than the previous period. The downward trend of
the sensitivity analysis chart of the number of distribution
centers relative to cost indicates that the increase in the
capacity of centers will reduce costs. The reason is that
with the increase in capacity, the need to establish new
centers is greatly reduced. From a managerial point of
view, it is recommended that managers should always
have an estimate of demand in boom and recession
periods. Also using the proposed model, they can have a
very good view of the future of the supply chain by
choosing the desired level of risk in CVaR through
changing alpha values and its weighted parameter, i.e.,
lambda. So, the proposed model is very flexible for
managers in order to improve the supply chain.

The following are recommended for future studies:
- Considering a competitive game between supply chain
members (for example, distributor and producer) in the
proposed model
-Considering other objectives in the model: for example,
maximizing supply chain resilience or minimizing
delivery time
- Problem solving with a two-level planning approach
- Considering multi-modal transport models, such as

considering trucks, containers, or rail and air
transportation.

- Use of other uncertainty approaches, for example,
robust optimization approach
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