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Abstract 
This paper presents a new model for a closed-loop supply chain problem under uncertainty. This model considers 

production, distribution, collection, recycling and disposal of items simultaneously. Because of the increased 

importance of the environmental factors, this model focuses on the revers flow of the supply chain and considers 

different types of technology for recycling centers. The model aims to minimize the establishment cost of centers, 

shipment cost, holding cost, collection cost and recycling cost. To face with uncertain parameters, a credibility-

based possibilistic programming method is applied. Then, a social engineering optimizer algorithm is proposed 

to solve the problem efficiency. To validate the model and proposed algorithm, the results are compared with the 

results of GAMS. In addition, they prove the superiority of the proposed algorithm over a genetic algorithm to 

deal with problems and find better results in less running time. Finally, the behavior of the model is assessed by 

changing the values of parameters and the results are reported.  
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1. Introduction 

In recent years, Supply Chain (SC) systems 

were investigated precisely due to the 

importance of financial issues and limitation of 

resources. In this regard, a Closed-Loop Supply 

Chain (CLSC) is related with forward and 

revers flows in a SC system. CLSC is related to 

the strategic and tactical decisions and covers 

the location, production, distribution and 

routing of a system to reduce the cost 

[Baghalian et al., 2013]. Today’s companies 

face with a competitive situation, thus 

minimizing the related costs of a system can be 

critical to survive. On the other hand, 

environmental issues receive more attention 

during the recent years, which make the 

situation more complicated [Pishvaee et al., 

2012]. A CLSC can be integrated with green 

issues, since its reverse flow is about recycling, 

reproduction and disposal of unnecessary 

materials [Devika et al., 2014]. 

Obviously, some parameters have an uncertain 

and unpredictable nature in real situation 

problems and this point is important for CLSC 

studies in order to be more practical. Classical 

studies of a CLSC problem have considered 

that all the parameters are known and have a 

constant value; however, it is obvious that this 

assumption is not practical and many 

parameters may change during the time. 

Different factors can be regarded as the reasons 

of inaccuracy of the parameters including lack 

of historical data, dynamic nature of parameter 

and unforeseen actions affecting the value of a 

parameter. There are two main approaches to 

face with an uncertain mathematical 

programming model. In the first approach, each 

parameter receives a specific value with a pre-

determined probability dividing the parameter 

into different scenarios. In the second approach, 

intervals of likely various are defined and 

confined within a probability or possibility 

distribution function. Briefly the first approach 

is applicable when an unpredictable event (e.g., 

disruption) affects the whole system while the 

second one is useful for dealing with uncertain 

parameters.  

Many studies have considered uncertainty in a 

CLSC problem including stochastic modeling 

[Azaron et al., 2008; Zeballos et al., 2014], 

robust modeling [Pishvaee et al. 2011; Hatefi 

and Jolai, 2014; Kim et al., 2018] and fuzzy 

mathematical modeling [Pishvaee and Torabi, 

2010; Wu et al., 2018]. In addition, there are 

some studies merging the application of robust 

and fuzzy uncertainty approaches to face with 

uncertain parameters [Tavakkoli-Moghaddam 

et al., 2016]. Risk is one of the prevalent issues 

related with the CLSC and receives lots of 

attention during last years. To deal with 

uncertainties of the CLSC problem by 

considering risk, [Mulvay et al., 1995] 

proposed robust stochastic programming and 

defined different types of scenarios for 

uncertain parameters. Next, [Leung et al., 2007] 

continued this study and developed a robust 

optimization model for production planning 

problem and aimed to reduce the related 

expenditures of the system. Another version of 

possibilistic programming was developed by 

[Pishvaee et al., 2012]. In this problem, two 

objective functions were considered to reduce 

the total costs and increase the responsibility of 

system, respectively.  

As mentioned before, location and routing 

problems are two main pillars of a CLSC 

problem and many studies have considered an 

integrated location-routing problem to 

minimize the related costs of the system. 

[Nadizadeh and Hosseini Nasab, 2019] 

developed a location-routing problem for revers 

flow of a SC problem to decrease the routing 

distance and establishing costs. They used a 

greedy clustering method to solve their 

problem. [Ghatreh Samani and Hosseini-

Motlagh, 2017] proposed a two-echelon 

location-routing problem and assumed that 

there was a middle depot between the beginning 

point and destination. They applied a fuzzy 
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programming approach to deal with uncertainty 

and used a combined meta-heuristic method to 

solve the problem. Since inventory is related 

with the SC, considering inventory in the SC 

makes sense. [Nikkhah Qamsari et al., 2017] 

introduced an inventory-routing problem and 

used a hybrid heuristic approach to decrease the 

shipment and holding costs of the system. 

[Hosseini-Motlagh et al., 2018] designed a SC 

system considering the contract between 

supplier and retailer, inventory level and 

transportation decisions in which the supplier 

determined the lead time of delivery and 

considered two types of shipment modes 

including fast and slow transportation modes.  

As shown in the literature review, a CLSC is 

related with location, production, inventory and 

routing problems. Many researchers have 

considered all or some of this problem to 

develop a new version of SC problems and have 

utilized different types of meta-heuristics to 

solve it [Soleimani et al., 2017; Iassinovskaia et 

al., 2017; Hiassat et al., 2017; Torkaman et al., 

2017]. The literature shows there are some gaps 

in the context of CLSC problem as described 

below:  

 Developing a CLSC by considering 

production, distribution, collection, recycling 

and disposal centers in the structure of the 

system simultaneously. 

 Integrating the strategic and tactical 

decisions including the location, production, 

inventory and shipment problems alongside 

with capacity constraints of the proposed 

centers separately. 

  Developing an objective function by 

considering the price of produced and 

reproduced items besides the costs of the 

system. 

 Including the effect of the technology 

type on the quality and price of the recycled 

items. 

 Considering the environmental effects 

of the forward and reverse logistic flows. 

 Considering the social effects of 

facility establishment on the system.  

 Considering the effects of disruption on 

the system.  

 Proposing a new meta-heuristic 

algorithm to solve a CLSC problem. 

The proposed study answers the following 

concerns: 

 Finding the number of items shipped 

from production centers to distribution 

centers. 

 Finding the number of items shipped 

from distribution centers to collection 

centers. 

 Finding the number of items shipped 

from collection centers to recycling and 

disposal centers. 

 Finding the number of items shipped 

from collection centers to recycling and 

disposal centers. 

 Finding the number of produced items 

in production centers. 

 Determining the inventory level in the 

distribution centers. 

 Determining the number of scraped 

items to be recycled by considering the 

technology level of recycling centers. 

 Analyzing the effect of technology type 

on the economic aspects of the CLSC 

problem. 

 Analyzing the effect of parameters 

variations on the results as the managerial 

insight.  

 Showing the efficiency of the proposed 

Social Engineering Optimizer (SEO) 

algorithm to deal with large sized problems. 

According to the literature review and the 

highlighted research gaps, this paper develops a 

new uncertain capacitated closed-loop supply 

chain problem by taking into account the 

location-allocation, inventory balance and 

shipment decisions alongside with storage 

limitations of the centers. Including both of the 
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disposal and recycling centers in the system, 

considering different types of technology for 

recycling centers, designing an objective 

function to calculate the income of produced 

and recycled items, considering the quality and 

price of the reproduced items, applying the SEO 

algorithm to solve the problem efficiency and 

considering the uncertainty of some parameters 

are the major contributions of this study. The 

rest of paper is organized as follows. The model 

is described in Section 2. The uncertain model 

is converted to crisp model in Section 3. The 

solution method is described in Section 4. 

Section 5 reports the results of experiments and 

Section 6 is related to conclusion.   

2. Problem Description 

In this problem, an SC is comprised of 

production, distribution, recycle and disposal 

centers and the model is developed for a single 

product, multi-period system. There are some 

suppliers providing raw materials and some 

manufacturing centers producing items by 

recycled materials. Then, these items are 

shipped to customers through distribution 

centers.  

 
Figure 1. Framework of the considered CLSC 

In the next step, the produced items are 

transported to recycling and disposal centers 

after separating them in a collection center. The 

model decides about the number of disposal and 

recycled items. In addition, the model decides 

about the quality and price of recycled items by 

determining the technology type of recycling 

centers. In other words, recycling centers with 

a better technology type are able to reproduce 

the items with higher quality and price. 

Considering different types of technology in a 

structure of recycling centers increases the 

flexibility of the CLSC system. Figure (1) 

shows the schematic view of the proposed 

system.  

In this regard, the main assumptions of the 

problem are described below: 

 The cost of raw materials includes the 

price of materials and shipment from a 

supplier to a production center. 

 Some parameters including costs are 

uncertain. The locations are fixed. 

 The customers’ demand determines the 

number of scraped items. 

 The collection cost includes the 

inspection cost of items. 

 The recycling centers with higher 

technology levels are able to reproduce the 

scraped items with better qualities and higher 

prices.  

2.1. Indices and parameters 

 

Indices: 

 

a Index of suppliers 

b Index of raw materials 

i Index of potential production centers 

j Index of potential distribution centers 

c Index of customers 

k Index of collection centers 

r Index of recycling centers 

d Index of disposal centers 

l Index of technology types 

t Index of time periods 

 

Parameters: 
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𝒅𝒆𝒎𝒄𝒕 Demand of customer c 

𝑹𝒂𝒃 Number of raw materials needed to 

produce an item 

𝑭𝒑𝒊 Establishment cost of production center i 

𝑭𝒅𝒋 Establishment cost of distribution center j 

𝑭𝒄𝒌 Establishment cost of collection center k 

𝑭𝒓𝒓𝒍 Establishment cost of recycling center r 

with technology l 

𝑭𝒅𝒑𝒅 Establishment cost of disposal center d 

𝑻𝒓𝒊𝒋 Shipment cost from production center i to 

distribution center j 

𝑻𝒓𝒋𝒄 Shipment cost from distribution center j to 

customer c 

𝑻𝒓𝒌𝒓 Shipment cost from collection center k to 

recycling r 

𝑻𝒓𝒌𝒅 Shipment cost from collection center k to 

disposal center d 

𝑻𝒓𝒎𝒋𝒄 Shipment cost of materials from 

distribution center j to customer c 

𝑷𝒓𝒊𝒂𝒃𝒕 Cost of material b from supplier a in time 

t 

𝑷𝒓𝒊𝒄 Cost of scraped items related to customer 

c 

𝒑𝒓𝒐𝒊 Production cost of items in manufacturing 

center i 

𝑪𝒍𝒄𝒄𝒌 Gathering cost of scraped items for 

customer c in collection center k 

𝑹𝒆𝒄𝒃𝒓𝒍 Recycling cost of items for material b in 

recycling center r with technology l 

𝑺𝒍𝒑𝒃𝒕 Price of material b 

𝑯𝒐𝒍𝒋 Holding cost in distribution center j 

𝑴𝒄𝒂𝒑𝒂𝒃 Capacity of supplier a for material b 

𝑴𝒄𝒂𝒑𝒊 Capacity of production center i 

𝑴𝒄𝒂𝒑𝒋 Capacity of distribution center j 

𝑴𝒄𝒂𝒑𝒌 Capacity of collection center k 

𝑴𝒄𝒂𝒑𝒓𝒃𝒍 Capacity of recycling center r with 

technology l for material b 

𝑴𝒄𝒂𝒑𝒅 Capacity of disposal center d 

𝜼𝒄 Percentage of scraped items related to 

customer c 

𝜼𝒓 Percentage of recyclable items 

𝜼𝒅 Percentage of unrecyclable items 

𝑨𝒄𝒐𝒃 Number of recyclable items related to 

material b 

𝑾𝒆𝒊 Weight of unrecyclable items 

𝑷𝒆𝒄𝒄 Cost of unsatisfied demand related to 

customer c 

𝝎𝟏,𝟐,𝟑,𝟒 Coefficient determining the effect of 

disruption on the capacity of different 

centers 

𝝉𝟏,𝟐,𝟑,𝟒 Coefficient determining the amount of 

emitted greenhouse gas due to shipment of 

items 

𝑪𝑶𝟏,𝟐,𝟑,𝟒,𝟓 Maximum amount of emitted greenhouse 

gas 

𝜹𝒋𝒐𝒃 Coefficient determining the amount of 

created jobs by opening a new facility 

𝑴𝒋𝒐𝒃 Minimum number of created jobs 

 

Variables: 

 

𝒛𝒂𝒊𝒃𝒕 Number of material b shipped from 

provider center a to manufacturing center 

i at specific time period 

𝒛𝒊𝒋𝒕 Number of items shipped from 

manufacturing center i to delivery center j 

at time t 

𝒛𝒋𝒄𝒕 Number of items shipped from delivery 

center j to client c at time t 

𝒛𝒊𝒄𝒌𝒕 Number of items shipped from customer c 

to collection center k at time t 

𝒛𝒊𝒌𝒓𝒍𝒕 Number of items transported from 

gathering center k to reusing center r by 

specific technology l at time t 

𝒚𝒊𝒃𝒓𝒊𝒍𝒕 Number of material b shipped from 

recycling center r with technology l to 

production center i at time t 

𝑺𝒊𝒃𝒓𝒍𝒕 Number of sold items of b for recycling 

center r with technology l to at time t 

𝑫𝒊𝒄𝒅𝒕 Number of disposals shipped from 

gathering center k to disposal center d at 

time t  

𝑰𝒏𝒋𝒕 Inventory level of delivery center j at time 

t 

𝑽𝒊 1 if production center i is active; 0, 

otherwise 

𝑯𝒋 1 if distribution center j is active; 0, 

otherwise 

𝑸𝒌 1 if collection center k is active; 0, 

otherwise 

𝑼𝒓𝒍 1 if recycling center r is active; 0, 

otherwise 

𝑬𝒅 1 if disposals center d is active; 0, 

otherwise 

2.2. Problem formulation 

Min 𝑧 = ∑ 𝐹𝑝𝑖𝑉𝑖 + 

𝑖

∑ 𝐹𝑑𝑗𝐻𝑗 + ∑ 𝐹𝑐𝑘𝑄𝑘

𝑘𝑗

 
(1) 

+ ∑ 𝐹𝑟𝑟𝑙𝑈𝑟 + ∑ 𝐹𝑑𝑝𝑑𝐸𝑑

𝑑

 

𝑟

+ ∑ 𝑝𝑟𝑜𝑖𝑧𝑖𝑗𝑡

𝑡,𝑖,𝑗

 

∑ 𝑅𝑒𝑐𝑏𝑟𝑙𝑧𝑖𝑘𝑟𝑙𝑡 

𝑏,𝑙,𝑡,𝑘,𝑟

+ 

∑ 𝑃𝑟𝑖𝑎𝑏𝑡𝑧𝑎𝑖𝑏𝑡

𝑡,𝑎,𝑏,𝑖

+ ∑ 𝑃𝑟𝑖𝑐𝑧𝑖𝑐𝑘𝑡

𝑡,𝑐,𝑘

 

− ∑ 𝑆𝑙𝑝𝑏𝑡𝑆𝑖𝑏𝑟𝑙𝑡

𝑡,𝑏,𝑟,𝑙

+ ∑ 𝐶𝑙𝑐𝑐𝑘𝑧𝑖𝑐𝑘𝑡 +

𝑡,𝑐,𝑘

 

∑ 𝑇𝑟𝑖𝑗𝑧𝑖𝑗𝑡

𝑡,𝑖,𝑗

+ ∑ 𝐻𝑜𝑙𝑗𝐼𝑛𝑗𝑡

𝑖

+ 
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∑ 𝑃𝑟𝑖𝑐𝑧𝑗𝑐𝑡

𝑡,𝑐,𝑘

+ ∑ 𝑇𝑟𝑗𝑐𝑧𝑗𝑐𝑡

𝑡,𝑗,𝑐

+ 

∑ 𝑇𝑟𝑘𝑑𝐷𝑖𝑐𝑑𝑡

𝑡,𝑐,𝑑

+ ∑ 𝑇𝑟𝑗𝑐𝑦𝑖𝑏𝑟𝑖𝑙𝑡 

𝑏,𝑡,𝑟,𝑖,𝑙

 

s.t. 

 

  

∑ 𝑅𝑎𝑏𝑧𝑖𝑗𝑡 = ∑ 𝑧𝑎𝑖𝑏𝑡 +

𝑖

 ∑ 𝑦𝑖𝑏𝑟𝑖𝑙𝑡

𝑟,𝑙,𝑡𝑖

 ∀𝑏, 𝑗, 𝑎 (2) 

𝐼𝑛𝑗𝑡−1 + ∑ 𝑧𝑖𝑗𝑡 = 𝐼𝑛𝑗𝑡 +

𝑖

∑ 𝑧𝑗𝑐𝑡

𝑐

 ∀𝑡, 𝑗, 𝑎 (3) 

∑ 𝑧𝑗𝑐𝑡 ≥

𝑗

𝑑𝑒𝑚𝑐𝑡
̃  ∀𝑡, 𝑐 (4) 

∑ 𝑧𝑖𝑐𝑘𝑡 ≤ 𝜂𝑐

𝑘

𝑑𝑒𝑚𝑐𝑡
̃  ∀𝑡, 𝑐 (5) 

∑ 𝑧𝑖𝑘𝑟𝑙𝑡

𝑘,𝑟,𝑙,𝑡

= ∑ 𝜂𝑟𝑧𝑖𝑐𝑘𝑡

𝑐,𝑘

 ∀𝑡 (6) 

∑ 𝐴𝑐𝑜𝑏𝑧𝑖𝑘𝑟𝑙𝑡 ≥

𝑘

∑ 𝑦𝑖𝑏𝑟𝑖𝑙𝑡

𝑖

+ 𝑆𝑖𝑏𝑟𝑙𝑡 ∀𝑏, 𝑟, 𝑙, 𝑡 (7) 

∑ 𝐷𝑖𝑐𝑑𝑡 = ∑ 𝑊𝑒𝑖. 𝜂𝑑.

𝑘𝑑

𝑧𝑖𝑐𝑘𝑡 ∀𝑡, 𝑐 (8) 

∑ 𝑧𝑎𝑖𝑏𝑡

𝑖

≤ 𝑀𝑐𝑎𝑝𝑎𝑏
̃ 𝜔1 ∀𝑡, 𝑎, 𝑏 (9) 

∑ 𝑧𝑖𝑗𝑡

𝑗

≤ 𝑀𝑐𝑎𝑝𝑖
̃ 𝑉𝑖𝜔2 ∀𝑡, 𝑖 (10) 

∑ 𝑧𝑗𝑐𝑡

𝑐

≤ 𝑀𝑐𝑎𝑝𝑗
̃ 𝐻𝑗𝜔3 ∀𝑡, 𝑗 (11) 

∑ 𝑧𝑖𝑐𝑘𝑡

𝑐

≤ 𝑀𝑐𝑎𝑝𝑘
̃ 𝑄𝑘𝜔4 ∀𝑡, 𝑘 (12) 

∑ 𝑦𝑖𝑏𝑟𝑖𝑙𝑡

𝑖

+ 𝑆𝑖𝑏𝑟𝑙𝑡 ≤ 𝑀𝑐𝑎𝑝𝑟𝑏𝑙
̃ 𝑈𝑟 ∀𝑡, 𝑏, 𝑟, 𝑙, 𝑡 (13) 

∑ 𝐷𝑖𝑘𝑑𝑡

𝑘

≤ 𝑀𝑐𝑎𝑝𝑑
̃ 𝐸𝑑 ∀𝑡, 𝑑 (14) 

∑ 𝑈𝑟𝑙

𝑙

≤ 1 ∀𝑟, 𝑑 (15) 

∑ 𝑧𝑎𝑖𝑏𝑡𝜏1

𝑎,𝑖,𝑏,𝑡

≤ 𝐶𝑂1 
 (16) 

∑ 𝑧𝑖𝑗𝑡𝜏2

𝑖,𝑗,𝑡

≤ 𝐶𝑂2 
 (17) 

∑ 𝑧𝑗𝑐𝑡𝜏3

𝑗,𝑐,𝑡

≤ 𝐶𝑂3 
 (18) 

∑ 𝑧𝑐𝑘𝑡𝜏4

𝑐,𝑘,𝑡

≤ 𝐶𝑂4 
 (19) 

∑ 𝑧𝑘𝑟𝑙𝑡𝜏5

𝑘,𝑟,𝑙,𝑡

≤ 𝐶𝑂5 
 (20) 

∑(𝑉𝑖 + 𝐻𝑗)𝛿𝑗𝑜𝑏

𝑖

≥ 𝑀𝑗𝑜𝑏 
 (21) 

The first equation of developed model is related 

to the total costs of the system including facility 

opening, production and recycling, shipment, 

inventory and supplying raw materials. 

Constraint (2) is about the flow stability 

between facilities. Constraint (3) makes sure 

that the summation of incoming flow and 

remaining inventory of the previous periods are 

equal to the flow related to the distribution 

centers and inventory of the present time. 

Equation (4) ensures that the demands are 

satisfied. Constraint (5) states the relation 

between demand and the number of scraped 

products requiring to be investigated in the 

collection centers. Equation (6) indicates that 

the number of scraped items are equal at 

recycling center and collection centers. 

Constraint (7) obliges that the number of 

incoming recycled items to manufacturing 

centers are equal to the number of scraped items 

at collection centers. Constraint (8) ensures that 

the number of disposable items are equal at both 

collection and disposing centers. Constraints 

(9)-(14) are related to the capacity constraints 

of the system considering the effect of 

disruption on the capacity of facilities. 

Constraint (15) ensures that each recycling 

center is able to receive one technology. 

Constraints (16) - (20) force the system to 

produce no more than determined amount of 

greenhouse gas due to shipment of items.  

Constraint (21) considers the minimum number 

of created jobs by opening facility centers. 

3. Equivalent Crisp Model 

Considering the strategic and tactical decisions 

of the model, it is crucial to implement a 

credibility based fuzzy programming and get 

the counterpart crisp model. Because of the 

vague and subjective nature of some parameters 
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and lack of knowledge, the experts are asked to 

determine the variation range of some 

parameters. In addition, due to the future 

predictions of uncertain parameters, data are 

necessarily uncertain and according to their 

nature, preferably have to be considered 

possiblistic [e.g., see Peidro et al. 2009]. 

Possiblistic parameters in the model can be 

shown with four prominent values, therefore, 

trapezoidal possiblistic distribution is fitted for 

them.  To clarify in what way the distribution 

for the parameters could be demarcated see 

[Inuiguchi et al., 2000]. The theoretical model 

is described in Model (22). Model (23) depicts 

the possibilistic programming based on 

credibility degree. In the proposed study, 

possibilistic programming is defined according 

to the credibility degree. 

𝐌𝐢𝐧 𝑶𝒃𝒋 =  �̃�𝒙 

s.t. 

𝑨𝒙 ≥ �̃� 

𝑨′𝒙 ≤ �̃� 

�̃�𝒙 = 𝒚 

𝒙. 𝒚 ≥ 𝟎 

(22) 

 

𝐌𝐢𝐧 𝑬 (𝑶𝒃𝒋) =  𝑬(�̃�)𝒙 

s.t. 

(23) 

𝑪𝒓 (𝑨𝒙 ≥ �̃�) ≥ 𝜶 

𝑪𝒓 (𝑨′𝒙 ≤ �̃�) ≥ 𝑩 

𝑪𝒓 (�̃�𝒙 = 𝒚) ≥ 𝝅 

𝒙, 𝒚 ≥ 𝟎 

In this regard a credibility based possibilistic 

programming is described [Liu and Liu, 2002]:  

Let  �̃� = (𝑎1, 𝑎2, 𝑎3, 𝑎4) be a trapezoidal fuzzy 

number and r be a real number. 

𝑬(�̃�) = ∫ 𝑪𝒓 (�̃� ≥ 𝒓)𝒅𝒓
∞

𝟎

− ∫ 𝑪𝒓 (�̃� ≤ 𝒓)𝒅𝒓
𝟎

∞

 

(24) 

Because �̃� is a trapezoidal fuzzy number, so, 

𝐸 (�̃�) =  𝐸(
𝛼1+𝛼2+𝛼3+𝛼4

4
), is obtained from 

equation (24). Credibility measures are as 

follows: 

Based on Equation (24) [Zhu and Zhang, 2009] 

showed, if 0.5   then we can write: 

Proposition: To achieve crisp model, Equation 

(28) can be applied. 

Proof: Obviously, while a fuzzy number is 

equal to a real number, credibility degrees of 

the fuzzy number being bigger and smaller than 

real number, are identical. Also, Expression 

(29) can be described as follow: 

Regarding Equations (26) and (27), when 𝛼2 ≤

𝑟 ≤ 𝛼3, 𝐶𝑟 (�̃� ≤ 𝑟) = 𝐶𝑟 (�̃� ≥ 𝑟) = 0.5 is 

correct.  

 

Finally, the crisp version of model (23) is as 

follows: 

And the uncertain parts of main model are 

converted to crisp model as follows: 

 

4. Solution Approach 

Due to NP-hardness of logistic network design 

problem [Eckert and Gottlieb, 2002; Jo et al., 

2007], exact approaches need plenty of time to 

solve the problem. Here, we apply the SEO 

algorithm introduced by [Fathollahi-Fard et al., 

2018] to deal with large-sized test problems. 

They showed the efficiency of the SEO 

algorithm to deal with SC problems. In this 

regard, we show the accuracy of the SEO 

𝑪𝒓 (�̃� ≥ 𝒓) =
𝟏

𝟐
(𝐬𝐮𝐩 𝝁(𝒙)𝒙≤𝒓 + 𝟏 −

𝐬𝐮𝐩 𝝁(𝒙)𝒙≥𝒓)   

(25) 

𝑪𝒓 (�̃� ≤ 𝒓) ≥ 𝜶 ↔  𝒓 ≥ (𝟐 −
𝟐𝜶)𝜶𝟑 + (𝟐𝜶 − 𝟏)𝜶𝟒   

(26) 

𝑪𝒓 (�̃� ≥ 𝒓) ≥ 𝜶 ↔  𝒓 ≤ (𝟐 −
𝟐𝜶)𝜶𝟐 + (𝟐𝜶 − 𝟏)𝜶𝟏   

(27) 

𝑪𝒓 (�̃�𝒙 = 𝒚) ≥ 𝝅 ≡  𝑩𝟐𝒙 ≤ 𝒚 ≤ 𝑩𝟑𝒙   (28) 

𝑪𝒓 (�̃� = 𝒓) ≥ 𝝅 ≡  𝑪𝒓 (�̃� ≥ 𝒓) ≥
𝝅

𝟐
∩

𝑪𝒓 (�̃� ≤ 𝒓) ≥
𝝅

𝟐
   

(29) 

𝑪𝒓 (�̃� = 𝒓) ≥ 𝝅 ≡  𝑪𝒓 (�̃� ≤ 𝒓) ≤
(𝟐−𝝅)

𝟐
∩ 𝑪𝒓 (�̃� ≤ 𝒓) ≥

𝝅

𝟐
   

(30) 

)31(  

Min 𝐸 (𝑂𝑏𝑗) =  𝐸(
𝑐1 + 𝑐2 + 𝑐3 + 𝑐4

4
)𝑥 

s.t. 

𝐴𝑥 ≥ (2 − 2𝛼)𝑑3 + (2𝛼 − 1)𝑑4 

𝐴′𝑥 ≤ (2𝛽 − 1)𝑐1 + (2 − 2𝛽)𝑐2 

𝐵3𝑥 ≥ 𝑦 

𝐵2𝑥 ≤ 𝑦 

𝑥, 𝑦 ≥ 0 
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algorithm and feasibility of the model by 

comparing the results of the SEO algorithm 

with GAMS solver for small sized instances. In 

addition, due to inability of exact solver to solve 

large-sized instances, the results of the SEO 

algorithm are compared with GA to prove the 

efficiency of the SEO algorithm in dealing with 

large-sized instances.  

 

 
Figure 2. An example of a person 

4.1. Solution representation 

To implement the SEO algorithm, each person 

determines whether a center can be established 

in a candidate place or not. The traits of this 

person specify the main decisions about 

manufacturing sites, delivery sites, gathering 

sites, reusing sites, technology type of 

reprocessing sites and disposal sites 

respectively. Figure 2 demonstrates a person for 

an example with size of [𝐼 × 𝐽 × 𝐾 × 𝑅 × 𝐿 ×

𝐷] = [2 × 2 × 2 × 2 × 2 × 2]. Based on this 

Figure, plant 1 can be open at location 4. Other 

traits also, can be paraphrased as the previous 

example. To take into account the amount of 

production shipped to other centers a person 

array is designed which convert the random 

numbers between [0 1] to the appropriate 

values. Also, a penalty function is applied for 

the capacity constraints of the model.  

4.2. Social engineering optimizer 

This algorithm considers a solution as a person 

with different features and traits. In this regard, 

abilities of that person represent the variables of 

the solution. In the first step of this algorithm, 

two random solutions are generated and divided 

∑ 𝑧𝑖𝑐𝑘𝑡 ≤ (

𝑘

𝑑𝑒𝑚𝑐𝑡(1)(2𝛽 − 1)

+ 𝑑𝑒𝑚𝑐𝑡(2)(2 − 2𝛽))𝜂𝑐 

(32) 

∑ 𝑧𝑗𝑐𝑡 ≥

𝑗

𝑑𝑒𝑚𝑐𝑡(3)(2 − 2𝑎)

+ 𝑑𝑒𝑚𝑐𝑡(2)(2𝑎 − 1) 

(33) 

∑ 𝑧𝑎𝑖𝑏𝑡

𝑖

≤ 𝑀𝑐𝑎𝑝𝑎𝑏(1)(2𝛽 − 1)

+ 𝑀𝑐𝑎𝑝𝑎𝑏(2)(2 − 2𝛽) 

(34) 

∑ 𝑧𝑖𝑗𝑡

𝑗

≤ (𝑀𝑐𝑎𝑝𝑖(1)(2𝛽 − 1)

+ 𝑀𝑐𝑎𝑝𝑖(2)(2 − 2𝛽))𝑉𝑖 

(35) 

∑ 𝑧𝑗𝑐𝑡

𝑐

≤ (𝑀𝑐𝑎𝑝𝑗(1)(2𝛽 − 1)

+ 𝑀𝑐𝑎𝑝𝑗(2)(2 − 2𝛽))𝐻𝑗 

(36) 

∑ 𝑧𝑖𝑐𝑘𝑡

𝑐

≤ (𝑀𝑐𝑎𝑝𝑘(1)(2𝛽 − 1)

+ 𝑀𝑐𝑎𝑝𝑘(2)(2 − 2𝛽))𝑄𝑘 

(37) 

∑ 𝑦𝑖𝑏𝑟𝑖𝑙𝑡

𝑖

+ 𝑆𝑖𝑏𝑟𝑙𝑡

≤ (𝑀𝑐𝑎𝑝𝑟𝑏𝑙(1)(2𝛽 − 1)

+ 𝑀𝑐𝑎𝑝𝑟𝑏𝑙(2)(2 − 2𝛽))𝑈𝑟 

(38) 

∑ 𝐷𝑖𝑘𝑑𝑡

𝑘

≤ (𝑀𝑐𝑎𝑝𝑑(1)(2𝛽 − 1)

+ 𝑀𝑐𝑎𝑝𝑑(2)(2 − 2𝛽))𝐸𝑑 

(39) 
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into attacker and defender based on their 

results. Next, the traits of defender are tested to 

train the attacker solution. The attacker solution 

aims to assess the other solution by copying and 

replacing a variable on the defender solution. In 

the next step, the order of variables related to 

defender are changed and the fitness of new 

defender solution is calculated. The position of 

attacker and new defender are replaced if the 

new defender reach a better result. It should be 

note that, being local search or exploitation 

search in this algorithm depends to the training 

and retraining between two generated solutions. 

To intensify the exploitation phase, the 

defenders should be ignored and generate new 

ones.  

There are four techniques to conduct attack 

strategy including obtaining, phishing, 

diversion theft, respond to attack. Obtaining 

method misuse the defender solution to 

generate new solutions and reach the 

determined objectives. In phishing method, the 

solution selected as the attacker feign to 

approach the defender while the defender 

solution changes it places and moves toward the 

required place of attacker. In the diversion theft, 

attacker lead the defender to a fake place as a 

trick strategy, this method generates only one 

new solution. Within this method, the attacker 

achieves some positive traits of the defender to 

reach the desired objective. Figure 3 shows the 

pseudo-code of this algorithm. It should be 

mentioned that the fourth attacking techniques 

are selected to deal with this problem.  

4.3. Genetic algorithm  

To compare and evaluate the performance of 

the proposed SEO algorithm, GA is applied 

which is widely used in CLSC problems [Sim 

et al, 2004; Soleimani et al, 2013; Huang et al, 

2016]. Mutation and crossover are the main 

operators of the GA to search the solution area 

and generate new solutions. It should be noted 

that, in GA a solution is represented as a 

chromosome while in SEO each solution is 

considered as a person. Mutation and crossover 

are designed to implement local search and 

global search in solution space. In this regard, 

crossover is related to local search while 

mutation intensifies the global search of 

algorithm.  
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Figure 3. Pseudo-code of the SEO algorithm 

There are different types of crossover and 

mutations and here single point cross over and 

two-point mutation are implemented. In a 

single point crossover method, two parents are 

selected randomly and a particle of their 

chromosomes is marked to replace the position 

of this parents and generate new solutions. In 

this method the child is dependent to its parents 

and inherit its features from them which means 

this method generate solutions with low range 

of diversification. In a two-point mutation 

method, one parent is selected randomly and 

two points are marked in the chromosome to 

replace the position of gens in the chromosome 

and generate new solutions. This method is less 

pertinent to the initial solutions and covers a 

wider area of solution space which means this 

method strengthens the global search.    

5. Computational Results 

Here some test problems are developed and 

experimented to compare the outcomes of the 

meta-heuristic algorithms using MATLAB 

software. Due to mixed integer nature of the 

model the problem is codded in GAMS 

software by using CPLEX solver. Experiments 

are conducted on a personal computer with 

Core i5 processor and 6GB RAM. First, the 

results of exact solution method (CPLEX) with 

the results of the meta-heuristic algorithms are 

compared to be ensured about the validity of the 

model and proposed algorithms. Next, the 

outcomes of the proposed meta-heuristics are 

analyzed. The parameters of model are set 

based on Table 1. Since the main parameters of 

metaheuristics are determinative and effects on 

the performance of this algorithms, the major 

values of metaheuristics are tuned using a 

Response Surface Methodology (RSM).  

Table 2 shows the results of comparison 

between optimal solution and mentioned 

algorithms (i.e., SEO and GA). The 

comparative results of SEO and GA instances 

with larger dimensions are described in Table 3. 

To show the results and compare the difference 

between algorithms in small-sized and large-

sized test problems, [100 ×
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(GAlg − GOpt) GAlg⁄ ] and [100 ×

(SGA − SSEO) SGA⁄ ] are utilized respectively. 

GOpt and GAlg denotes the value of GAMS and 

proposed algorithms.  According to the results 

reported in the Table 2, both of SEO and GA 

algorithms are able to reach results near to the 

Exact solver. However, Table 3 shows the 

superiority of SEO to reach results with better 

quality based on the GAP % metric [100 ×

(SGA − SSEO) SGA⁄ ]. In addition, Table 3 shows 

SEO algorithm requires less time to solve large-

sized instances. 

5.1. Sensitivity analysis 

Following, the ninth test problem is selected 

and parameters are determined based on the 

Table 1. Also, GAMS software is used to 

analyze the model. First, the sensitivity analysis 

is performed on the possibilistic parameters (α 

and 𝛽), which are the credibility measures of 

the proposed credibility based fuzzy 

programming approach (see Section 3), to 

assess the optimality of model under different 

conditions. Figure 4 shows the results of 

objective function under the variability of (𝛽). 

This Figure shows that, increasing the value of 

𝛽 leads to lower amounts of OFV. Figure 5 

shows the results of objective function under 

the variability of (α). This Figure shows that, 

increasing the value of α leads to higher 

amounts of OFV. Next, three parameters of 

model are selected and the result of OFV is 

assessed by changing the value of this 

parameters. These parameters include 

establishment cost of distribution center 

(𝐹𝑑𝑗), Shipment cost from distribution center to 

customer (𝑇𝑟𝑗𝑐) and holding cost of distribution 

centers (𝐻𝑜𝑙𝑗). In this regard, Figure 6 shows 

the changes of OFV due to variation of 𝐹𝑑𝑗. It 

also shows that increasing the establishment 

cost enhances the total costs of CLSC. In this 

situation model decides to establish distribution 

centers leading to higher transportation costs. 

Figure 7 demonstrates the effects of 𝑇𝑟𝑗𝑐 

changes on the system cost and Figure 8 depicts 

the effects of 𝐻𝑜𝑙𝑗 variations on the system 

cost. It also shows that, shipment cost has a 

direct relationship on the OFV, however, the 

slop increasing is less than the increasing rate 

of the previous figure. 

 

 

 

Table 1. Source of the parameters 

Parameters Values Parameters Values 

𝑑𝑒𝑚𝑐𝑡
̃  ~𝑈(9070.10085.12465.15500) 𝐻𝑜𝑙𝑗 ~𝑈(40.120) 

𝑅𝑎𝑏 ~𝑈(6.11) 𝑀𝑐𝑎𝑝𝑎𝑏
̃  ~𝑈(180000.200000.220000.250000) 

𝐹𝑝𝑖 ~𝑈(224000.241000) 𝑀𝑐𝑎𝑝𝑖
̃  ~𝑈(20000.25000.30000.32000) 

𝐹𝑑𝑗 ~𝑈(12500.13000) 𝑀𝑐𝑎𝑝𝑗
̃  ~𝑈(18000.20000.25000.27000) 

𝐹𝑐𝑘 ~𝑈(11000.12000) 𝑀𝑐𝑎𝑝𝑘
̃  ~𝑈(20000.22000.25000.27000) 

𝐹𝑟𝑟𝑙 ~𝑈(105000.120000) 𝑀𝑐𝑎𝑝𝑟𝑏𝑙
̃  ~𝑈(200000.250000.300000.320000) 

𝐹𝑑𝑝𝑑 ~𝑈(11000.13000) 𝑀𝑐𝑎𝑝𝑑
̃  ~𝑈(250000.280000.310000.380000) 

𝑇𝑟𝑖𝑗 ~𝑈(65.86) 𝜂𝑐 ~𝑈(0.7.0.9) 

𝑇𝑟𝑗𝑐 ~𝑈(45.75) 𝜂𝑟 ~𝑈(0.85.0.9) 

𝑇𝑟𝑘𝑟 ~𝑈(35.66) 𝜂𝑑 ~𝑈(0.15.0.1) 

𝑇𝑟𝑘𝑑 ~𝑈(15.35) 𝐴𝑐𝑜𝑏 ~𝑈(6.8) 

𝑇𝑟𝑚𝑗𝑐 ~𝑈(65.86) 𝑊𝑒𝑖 ~𝑈(21.23) 

𝑃𝑟𝑖𝑎𝑏𝑡 ~𝑈(55.78) 𝑃𝑒𝑐𝑐 ~𝑈(10.13) 

𝑃𝑟𝑖𝑐 ~𝑈(200.300) 𝑆𝑙𝑝𝑏𝑡 ~𝑈(500.720) 

𝑝𝑟𝑜𝑖 ~𝑈(460.510) 𝑅𝑒𝑐𝑏𝑟𝑙 ~𝑈(30.44) 
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𝜔1,2,3,4 ~𝑈(0.7.1) 𝐶𝑂1,2,3,4,5 ~𝑈(1000.2000) 

𝜏1,2,3,4 ~𝑈(1.5.3) 𝛿𝑗𝑜𝑏 ~𝑈(30.40) 

𝐶𝑙𝑐𝑐𝑘 ~𝑈(105.125) 𝑀𝑗𝑜𝑏 ~𝑈(60.100) 

 

Table 2. Comparison of SEO and GA with Gams results in case of run time and results for instances with 

small dimensions (α, 𝜷 = 0.6) 

     SEO  GA 

Dataset i j k r d Gap (%) Time  Gap (%) Time 

1 4 5 2 1 1 0 47  0 54 

2 4 5 2 1 1 0.004 51  0.008 63 

3 5 7 2 1 1 0.005 59  0.01 68 

4 5 7 3 2 2 0.12 61  0.2 73 

5 6 7 3 2 2 0.2 67  0.32 82 

6 6 9 3 2 2 0.5 71  0.7 90 

7 7 9 5 3 3 0.65 76  0.9 98 

8 7 9 5 3 3 0.74 81  1.1 101 

9 7 8 7 6 4 1.01 90  1.24 110 

10 10 12 7 5 4 1.2 97  1.76 117 

 

Table 3. Comparison of run time and results for instances with large dimensions in SEO and GA (α, 𝛃 

=0.6) 

      SEO vs. GA 

Dataset i j k r d Gap (%) 
Time 

(SEO) 

Time 

(GA) 

11 11 20 10 8 6 2 125 152 

12 11 30 10 8 6 3.1 198 201 

13 13 35 12 10 8 4.5 225 241 

14 15 40 12 10 8 6.1 321 351 

15 17 45 15 11 10 7.8 410 422.5 

16 20 50 15 12 10 8.5 495 510 

17 30 55 18 12 12 9 512 535 

18 35 60 18 15 12 10 601 645 

19 40 65 20 20 15 11.4 655 712 

20 45 70 20 20 20 13.5 711 801 

 
Figure 4. OFV of the model with variability of 

𝜷 

 
Figure 5. OFV of the model with variability of 

α 
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Figure 6. OFV of model with variability of 

establishment cost 

 

 

 
Figure 8. OFV of model with variability of 

inventory cost 

 

 

Figure 7. OFV of model with variability of 

shipment cost 
 

 
Based on Figure 8, the inventory cost has an 

indirect relationship with the OFV. By 

enhancing the inventory cost, model decides to 

assign less number of items from production 

center to distribution center leading to less 

shipment and inventory costs. Although, it can 

increase the penalty of unsatisfied demand.  

6. Conclusion 

Considering economic factors of a supply 

chain, we proposed a model for a CLSC 

network with removal centers and reusing sites.  

In this regard the model takes into account the 

establishment cost of manufacturing sites, 

delivery sites, gathering sites, removal sites and 

reusing sites. The transportation cost between 

centers, inventory holding cost and unsatisfied 

demand are regarded in order to bring the model 

closer to the operational space. A credibility 

based possibilistic programming method is 

applied, to face with uncertain parameters of the 

problem. Due to NP-hardness of the problem a 

SEO method is used to deal with large sized 

problems. In the next step, some instances are 

proposed to assess the behavior of the model, 

validate the feasibility of the model and report 

the variation of objective function under the 

different values of parameters. Also, the 

performance of the proposed SEO algorithm is 

assessed, where the outcomes proved the 

superiority of developed SEO algorithm in 

comparison to the GA. Some extensions on this 

study could be interesting and worthy to follow 

as the future study. Regarding pricing policies 

for a CLSC alongside the other economic 

aspects of the system can be a motivating topic. 

Additionally, considering other exact methods, 

hybrid metaheuristics and implementing the 

model on a real case are good suggestions for 

future studies.   
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