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ABSTRACT 
Designing a sustainable and resilient supply chain network is an important area in academic research 
that has the potential to influence supply chain performance. Increasing regulations in various aspects 
of sustainability, including environmental protection, is forcing companies to consider their supply 
chains for economic, environmental and social purposes. On the other hand, the performance of the 
supply chain may be disrupted for a variety of natural or human reasons. Therefore, designing an 
efficient supply chain network that is flexible enough in case of disturbances, is a new challenge for 
supply chain managers. This paper focuses on supply chain sustainability and resilience in which 
various scenarios such as product life cycle and environmental compatibility, carbon emissions, 
effluents, and wastes as well as scenarios for managing the occurrence of failure among members are 
considered. In order to solve the model, Meta-heuristic algorithms, Non-dominated Sorting Genetic 
Algorithm (NSGA-II) and subpopulation genetic algorithm (SPGA-II) have been used to find optimal 
solutions. To compare the efficiency of two algorithms several sample problems are generated and 
solved that show the Sub-population Genetic Algorithm (SPGA- II) can find good solutions in a 
reasonable time limit. 
 
KEYWORDS: Sustainable and resilient supply chain; Mixed integer nonlinear programming model 
(MINLP); Non-dominated sorting genetic algorithms (NSGA-II); Sub-population genetic algorithm (SPGA- 
II). 
 

1. Introduction1 
One of the most important issues that has recently 
been considered in industry and academia is 
sustainable supply chain management where 
supplier selection as a strategic decision plays an 
important role [1]. In supply chain management, 
logistics service networks need to effectively use 
and integrate real-time information to improve 
supply chain flexibility and resource utilization. 
Firms no longer compete as autonomous entities 
and prefer to join a supply chain alliance to take 
advantage of highly competitive business 
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situations. Supply chain coordination has a great 
impact on a firm's strategic partnering and 
success in a competitive business environment. In 
Study [2], to select a strategic partner in the 
supply chain, a system dynamics simulation 
model is proposed in which for each supplier, the 
selection of downstream partners and the impact 
of their policies on the entire supply chain is 
simulated. To manage supply chains, lean 
techniques can no longer be relied on, because 
each of them has unique supply and demand 
characteristics and require the use of different 
operating methods. Supply chain is "the process 
of moving goods from the customer order in the 
raw materials, supply, production and distribution 
of products to the customer" and supply chain 
management includes "event chain management 
in this process" [3]. Recent research and practical 
applications show that sustainable supply chain 
management is growing steadily and current 
supply chains are trying to focus more on 
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environmental and social factors to make supply 
chain networks more transparent [4]. In an 
article, Elkington [5] described the three pillars of 
sustainability; including economics, ecology, and 
society. So considering the importance of 
environmental issues and their relationship to 
other elements of the chain, this paper focuses 
more on economic-environmental sustainability. 
Production, packaging and transportation of 
products must be done in accordance with ethical 
principles so as not to harm the environment and 
society. The focus on environmental 
sustainability has shifted from local optimization 
to the entire supply chain, which means that all 
activities, from the procurement of raw materials 
to the distribution of final goods, must be 

considered sustainable. However, few articles 
have examined sustainability in terms of the 
whole supply chain (e.g., [4, 6-8]). Organizations 
are always striving to stay competitive, and most 
experts believe that building a stable and flexible 
supply chain is essential for business survival. 
Therefore, understanding the concept of risk and 
hazards and changes in the internal and external 
environment of the supply chain in the field of 
resilience leads to sustainability [9]. In recent 
years, resilient supply chain has been one of the 
topics of interest for strategists and pioneers of 
various management concepts and theories [10-
12]. Although there are a considerable number of 
reports on supply chain theories, only a few 
reports on its system performance can be seen. 

 
Tab. 1. Supply chain resilience definitions 

Research Definitions 

[13] Ability to adapt the chain to deal with and respond to disturbances and unexpected events and 
recover from it while maintaining the continuity of operations at the desired level. 

[14] Assuming that it is not possible to avoid risk events, the ability of supply chains to recover from 
unavoidable risk events more effectively than others, 

[15] The ability of supply chain to quickly respond to unexpected events in order to return the 
operations to their previous performance level or to a new and better level 

[16] 
Supply chain preparation for unexpected risk events, response to disruptions and recovery, and 
return to initial state or more desirable, to enhance customer service, performance, market share, 
and financial growth.  

[17] 
A resilient system is a system that maintains its performance at the desired level by being aware 
of its changing environment and knowledge of past events, and by being able to predict and 
evaluate the damage caused by possible disturbances. 

[18] Resilience is defined as the ability of a system to return to its original state or more favorable 
conditions after disruption. 

[19] 
Supply chain adaptation to reduce the likelihood of dealing with sudden disruptions, and 
immediate and effective recovery to exit disruptions and return the supply chain to optimal 
condition. 

 

 
Resilience is a global concern due to significant 
disruptions between companies that must be 
addressed in a way that is appropriate for the 
company [9]. Information visibility across the 
supply chain, strong enough infrastructure to 
adapt quickly to short-term changes in supply and 
demand, coordination of shareholders for 
efficient performance, and cost-effectiveness 
have been identified as four potential factors to 
enable SC to respond more to disruptions, and 
optimizes the overall performance of the supply 
chain to provide the best customer service while 
maintaining financial benefits. In addition, one of 
the main reasons for delays in responding to 
disorders is the lack of transparency among 
stakeholders, which needs to be addressed in 
order to achieve an efficient SC [20]. In short, 
synchronizing operations across the supply chain 

is the optimal use of available resources in which 
stakeholders work together and share information 
at different levels so that there is more flexibility 
to respond to demand in the event of a disruption 
[21, 22]. Increasing the complexity of network 
and real-time data requires dynamic planning at 
strategic to operational levels that must take into 
consideration aspects such as dynamic allocation 
of available resources and simultaneous modality 
features to create a robust network with a high 
level of flexibility [23]. On the other hand, 
collaboration also means real-time information 
sharing between stakeholders because 
information flow plays a key role in the logistics 
network. For this reason, organizing integration 
and data sharing is essential to maximize benefits 
for all stakeholders without harming the interests 
of others. 
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2. Resilient and Sustainable Supply 
Chain Management Literature Review 

Using a holistic strategy, combined with 
resilience in the supply chain network, can 
increase the ability to overcome the risks 
associated with supply chain management and 
thus can improve the economic stability and 
sustainability of any organization [24, 25]. To 
better understand vulnerability and reduce risks, 
the flexibility of the supply chain process can be 
strengthened [26]. Research [27] tries to explain 
the relationship between sustainability and 
resilience in ecological-economic systems with 
the help of a dynamic model. They consider 
resilience as a descriptive concept and 
sustainability as a normative concept. In the study 
[28], the author examines the relationship 
between resilience and sustainability after the 
occurrence of a natural disaster and concludes 
that resilience greatly helps to improve and return 
to the initial conditions. In the study [29], the 
author considers vulnerability and resilience as 
two parallel approaches that belong to the science 
of sustainability. Research [30] shows that 
strengthening resilience management ability as 
one of the vital factors of sustainability is 
effective on efficient and sustainable 
development. Research [31] argues that "the 
sustainable development strategy depends on 
resilience." and examines the impact of the 
relationship between sustainability and resilience 
on economics. Research [32] introduces 
resilience as a key element in sustainable 
development and a bridge between risk 
management and sustainability. Considering the 
importance of the above literature, the article 
provides considerations for resilience and 
sustainability in the field of chain management. 
According to research [33], the main obstacle in 
developing a sustainable supply chain network is 
uncertainty related to supply chain activities and 
severe disruptions can disrupt supply chain 
activities. Therefore, a sustainable supply chain 
must be flexible and resilient enough to deal with 
it. To deal with unspecified disasters such as 
man-made or natural disasters, it is necessary to 
create stable, yet resilient and agile supply chains 
[34]. In the face of supply chain network 
disruptions that lead to supply uncertainty and 
disruptions, companies are trying to find 
alternative solutions [35]. There are many articles 
on supply chain flexibility (e.g., [36-40]), 
however, given the authors' knowledge, few 
studies in the literature have jointly discussed 
resilience and sustainability in the supply chain. 
Using the resilience strategy based on a scenario-

oriented model can minimize the effects of 
disruption and help the network recovery plan 
and create a reliable collaboration network. 
Production and distribution processes become 
more complex over time. Resilience can create 
value for shareholders by creating sustainable 
returns, and this includes collaboration and 
transparency in managing business risks. In this 
paper, a resilient and sustainable supply chain is a 
framework formulated on a measurable scale. 
The design of the transportation network was 
proposed by Hitchcock in 1941 with the aim of 
transporting products from several sources to 
several destinations at a minimum total cost. 
Tilanus defined logistics as the art of bringing the 
right amount of products to the right place at the 
right time, so efficiency of the supply chain could 
be considerable [41]. Many researchers have 
worked on the design of logistics networks. The 
study [42] examined the effectiveness of 
integrating production and integrated distribution 
planning into a multi-plant, multi-retailer 
logistics environment that aimed to maximize 
total net profit. Research [43] minimized costs in 
a three-stage supply chain including supplier, 
production, and distribution centers by providing 
a mixed integer planning (MIP) model. Research 
[44] Minimizes the total cost of production and 
transportation and the total number of return 
products by providing a linear programming 
model for integrated production-transportation 
scheduling problems in a supply chain. Research 
[45] considered Aggregate Production and 
Distribution Plans and developed a MINLP 
formulation for a two-echelon supply chain 
network. Research [46] Minimized production, 
transportation, and warehousing costs between 
plants by focusing on integrating production, 
distribution, and shared resource problems across 
a supply chain. Research [47] employed a genetic 
algorithm (GA) for solving the nonlinear fixed 
charge transportation problem in two-stage 
supply chain networks. Research [48] described a 
transportation problem in a textile manufacturer. 
The problem considered scheduling of pickup 
and delivery of daily inventory movement 
between plants. Research [49] developed a two-
objective MILP model for timely distribution 
(JIT) in a multi-period, multi-product, multi-
channel network. Using the non- dominated 
sorting genetic algorithm (NSGA) algorithm, 
they minimized costs, total backup orders, and 
product surpluses over all periods. The research 
[50] considered a two-stage supply chain 
consisting of m suppliers in the first stage and i 
vehicles in the second stage. Production and 
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transportation planning was presented with the 
aim of minimizing the deviation of the total 
workloads allocated by suppliers from their 
quotas and total tardiness. They formulated the 
problem as a MIP problem and proposed an 
algorithm, namely, the multi-society genetic 
algorithm. Since the majority of these problems 
can be categorized as NP-hard, many exact, 

heuristics and meta-heuristics methods have been 
developed to solve these problems. There are 
several papers on SCM or logistics models based 
on meta-heuristic algorithms shown in Table 2. 
We have listed some of the articles that have 
been published for supply chain design, multi-
stage logistics networks, and reverse logistics. 

 
Tab. 2. A. Review articles on supply chain based on genetic algorithms 

Research Models Solving method 
[51] Multipurpose SCN model GA is a multi-objective priority based combination 
[52] Flexible multi-stage logistics model Path-based encryption and GA combined 
[53] Integrated multi-stage logistics Hybrid EA, wide priority based encryption 

[54] Investigation of facility location and supply chain 
management Provide different GAs, 

[55] supply chain GA priority-based encryption / decryption 
[56] Flexible multi-stage logistics model Path-based GA 
[57] Non-linear fixed cost shipping Preference based GA 
[58] Flexible Bio-Objectives logistics MoEA based in Pareto 
[59] Random reverse logistics GA preference-based combination 
[60] GA Overview for SC Modeling Different GA, SCM models 
[61] Uncertain demand in multi-stage SC Combined PSO and priority-based GA 

[62] Supply chain in the conditions of two-purpose 
uncertainty NSGA II, GA Defective Routing (NRGA) 

[63] Multipurpose reverse logistics Preference based GA, AWGA, MoHGA 
[64] Multi Objectives closed loop logistics Direct priority-based GA 
[65] Survey, quality cost in SC GA, SA Simulated Annealing  
[66] Nonlinear transport Preference based GA 

[67] fuzzy multi-objective optimization mode 
Multi-objective cuckoo search optimization 
algorithm (MOCSOA) compared with the NSGA-
II. 

This 
study Closed loop supply chain network design NSGA II, SPGA II 

 
 Research Gap 
The studies on the supply chain (case study in oil 
& gas products e.g., sulfur) still ignore the 

concept of resilience. The combination of 
sustainability and resilience in the supply chain is 
also still a research gap. 

 
Tab. 2. B. Investigates the articles using the concepts of resilience and sustainability 

Author 

Sustainability 

Resilience strategy Solving method 

Ec
on

om
ic

 

so
ci

al
 

en
vi

ro
n

m
en

t 

[68]       - Metaheuristic 
[69]     - Exact 
[70]       - Metaheuristic 
[71]       - Metaheuristic 
[72]       Multiple sources & Holding inventory Exact 
[73]     Multiple sources Exact 
[74]      Service level Exact 
[75]      Service level Exact 
[76]      - Exact 
[77]      - Heuristic 
[78]      Integration Exact 
[79]      Integration Exact 
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According to the above, the most important 
strategies that affect supply chain sustainability 
and resilience were determined. In the proposed 
model, by using the below strategies in 
mathematical modeling, it has tried to create a 
sustainable and resilient supply chain.  

 Focus on the economic and environmental 
aspects of sustainability 

 Synchronization in the production network  
 Synchronization in the transport fleet 
 Increase production capacity  

 Scenario-based resilience  
 Real-time information sharing 
 Product life cycle approach 
 Eco-compatibility approach 
 Dynamic planning 
 Applying meta-heuristic algorithm to solve 

problem 
 

3. Problem Structure and Definition 
The structure of the problem is shown in Figure 1. 

 

 
Fig. 1. The schema of a sustainable and resilient supply chain. 

 
Operational planning may be done a few days or 
weeks in advance, and in some cases, at the 
possible moment [36] (e.g., for the day-before 
planning problem in city logistics). For this 
reason, operational planning can be done in two 
stages: early planning, which is the allocation of 
resources to activities, and final planning, which 
uses new knowledge to make adjustments at the 
last moment before implementation. 

3.1. First planning and optimizing the 
model in normal mode 
In this case, the model is provided and solved before 
the equipment breaks down and production stops. 
Therefore, in this case, in solving the proposed 
mathematical model, it is assumed that all members of 
the production network are in the production circuit 
without any problems, and each of them can 
independently meet customer demand according to 
their capacity.   

 

 
Fig. 2. Navigation path in normal mode 

 
3.2. Second planning (replanning) and 
optimize the model in resilient mode, 
Three simultaneous scenarios are used to create a 
resilient distribution network with the possibility 
of establishing a distribution network in the 
shortest possible time to respond to the customer 
demand. The scenario that has the greatest 
advantage for the network is applied as a selected 
scenario in the model. The scenarios used are as 
follows: 

3.2.1. Restarting the manufacturer and 
sending the products to the customer 
In this scenario, for each stopped company, the 
time of problem diagnosis and repair is 
considered, given that the goal of the model is to 
meet customer demand in the shortest possible 
time, that is, return to the original state in the 
shortest possible time, therefore, using this 
scenario and two other scenarios, each scenario 
that can meet the customer demand in less time 

R&
S-

SC
M

First planning Normal mode All in service

Second planning 
Replanning

Resilient Mode

Restarting

Synchronization

Active factories 

customers
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and establish (maintain) the stability of the 
distribution network is applied as the selected 

scenario in the model. 

 

 
Fig. 3. Resilient mode senior 1 

 
3.2.2. Sending products by the 
replacement unit using the transport fleet 
capacity of the disabled company  
In this scenario, for resilience of the distribution 
network and responding to customer demand, 
after a problem occurs in one of the members of 
the production network, the demand of the 
disabled member is met by other members of the 
network that have unoccupied (empty) capacity 

of production) (sharing capacity). In this 
scenario, transportation of goods is done using 
the idle capacity of the transport fleet of the 
disabled company, with the difference that in 
addition to the costs of sending the goods in the 
replacement company to the customer, the cost of 
moving without load and empty trucks from the 
disabled unit to the replacement unit is also 
calculated.

 

 
Fig. 4. Resilient mode senior 2 

 
3.2.3. Sending products by the 
replacement unit using the unoccupied 
capacity of the transport fleet of 
replacement company 
In this scenario, for resilience of the distribution 
network and responding to customer demand, 
after a problem occurs in one of the members of 
the production network, the demand will be met 

by other replacement members of the network 
that have unoccupied capacity of production 
(sharing capacity). The difference between this 
scenario and the previous scenario is that in this 
scenario, transportation is performed using the 
unoccupied capacity of the replacement 
company, taking into account the overhead cost 
by the disabled company. 

 

 
Fig. 5. Resilient mode senior 3 

 
Many factors affect the efficiency of logistics 
networks. Choosing the type of vehicles in the 
transportation network can play a key role in 
reducing costs. Vehicles, given their capacity and 
number of constraints, should be selected in such 
a way that retailers' demand is met at a minimum 
cost. In addition to fixed costs, the cost of 
transportation based on distances is also 
important in estimating the total cost of using 
vehicles. The multi-stage logistics network, 
considered in the paper, consists of three stages; 
Manufacturer (Refinery), Customer Type I 
(Sulfuric Acid Production Plant) and Customer 
type II (fertilizer factories) locations. It is 

assumed that to transport the product and meet 
customers demand, m types of vehicles with 
limited number and capacity are available. The 
purpose of implementing the model is to 
satisfactorily meet the demand of customers by 
minimizing the total cost of transportation 
(purchase or rent, fixed and based on distance 
cost). It has also met customer demands for sulfur 
products from gas refineries that have been 
studied as a real case. Initially, this problem is 
represented by a mixed integer nonlinear 
programming model (MINLP) for integrated 
transport and production in a supply chain. 

 
 

Out of service factories 

Restart factories 

customers

Out of service factories 

Alternative active factories 

customers

Out of service factories 

Alternative active factories  with over 
head factor

customers
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Fig. 6. The schema of integrated forward/reverse logistics network. 

 

 
Fig. 7. The schema of resilient supply chain with load sharing production network. 

 
In this section, a mathematical formulation is 
presented for the problem. The capacity of the 
sources and depots, the capacity of the vehicles 
and limited number of the vehicles are considered 
in this network. The model has an objective 
function that minimizes the total transportation 

costs of products based on the distances, 
purchasing or hiring costs of vehicles and travel 
costs of vehicles. 
Minimize the Cost: transportation cost of 
products + purchasing or hiring cost of vehicles + 
travel cost of vehicles  

 
Subject to 
 satisfying the demands of all customers, 
 balancing the flow between nodes, 
 capacity constraints, 
 limited budget for purchasing vehicles, 
 assigning only one kind of vehicles for transporting each kind of products, 
 Non-negativity and binary constraints. 
 
Indices and sets. 
i Refinery / Petrochemical i = 1,…, I 
i′ Subset(i)   In service / Active Refinery / Petrochemical  i′ ∊ I 
i′′ Subset(i)   Out of service Refinery / Petrochemical  i′′ ∊ I  and  i′′ ≠  i′   

j The first type of customer is sensitive to the quality (purity) of 
the product (Acidification plant). j = 1,…, J 

Reverse 

Forward 

 

Sulfur fertilizer plant Disposal 

Acidification Plant Refinery 

Normal Mode 
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X(p i′′i′j)  

R 
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k The second type of customer without sensitivity to the quality 
(purity) of the product (Fertilizer plant) k = 1,…, K 

n disposal index n = 1,…, N 
p product index p = 1,…, P 
m vehicle index m = 1,…, M 
 
Decision variables. 
Y(mpij) Amount of product p with vehicle m transported from Refinery / Petrochemical i to Customer  j. 

V( mpik) 
Amount of product p with vehicle m transported from Refinery / Petrochemical i to Customer  
k. 

X(m p i′′i ′j)    
Amount of product p with vehicle m transported from active Refinery / Petrochemical i′ instead 
of out of service ones i′′ to Customer  j. 

Q (mpi′′i ′k) 
Amount of product p with vehicle m transported from active Refinery / Petrochemical i′ instead 
of out of service ones i′′ to Customer  k. 

UI(mpjk) Amount of return product p with vehicle m transported from Customer j to customer k. 
DC(mpkn) Amount of return product p with vehicle m transported from customer k  to potential/disposal n. 

B1(mij) Binary variable:  1, if vehicle m is used to carry product p between Refinery / Petrochemical i 
to Customer  j, 0 otherwise. 

B2(mik) 
Binary variable:  1, if vehicle m is used to carry product p between Refinery / Petrochemical i 
to Customer  k, 0 otherwise. 

B3(mjk) 
Binary variable:  1, if vehicle m is used to carry product p between Customer  j to Customer  k, 
0 otherwise. 

B4(mks) 
Binary variable:  1, if vehicle m is used to carry product p between Customer  k  to disposal s, 0 
otherwise. 

B11(mi′′i ′j) 
Binary variable:  1, if vehicle m is used to carry product from active Refinery / Petrochemical i′ 
instead of out of service Refinery / Petrochemical i′′  to Customer  j, 0 otherwise. 

B12(mi′′i ′k) 
Binary variable:  1, if vehicle m is used to carry product from active Refinery / Petrochemical i′ 
instead of out of service Refinery / Petrochemical i′′  to Customer  k, 0 otherwise. 

IS(i) Binary variable:  1, if Refinery / Petrochemical i is on service, 0 otherwise. 
푆  The binary variable of the scenario selection in the resilient model: 1, if the first scenario - 

Restart is selected, otherwise 0. 
푆 	 	 Binary variable Scenario selection in the resilient model: 1, if the second scenario - capacity 

sharing is selected, otherwise 0. 
푆 	 	 	 Binary variable Scenario selection in the resilient model: 1, if the third scenario - sharing 

capacity  with overhead cost is selected, otherwise 0. 
 
Model parameters. 
DT(pj) Total amount of demand for product p by costumer j 
DN(pj) Amount of demand for product p by Customer j met by active Refinery / Petrochemical 

DF(p,i′′,j) 
Amount of lost demand for product p by Customer j in resilient mode due to failure of Refinery / 
Petrochemical i′′ 

B(m) Maximum budget for purchasing or hiring vehicle m. 
VC(mp) Capacity of vehicle m for transporting product p. 
p1(pi) Purchasing cost of product p from Refinery / Petrochemical i. 
p2(m) Purchasing or hiring cost of vehicle m. 
UC(p) Unit transportation cost of product p along unit distance. 
CE Unit Empty transportation cost along unit distance. 
OHF Overhead factor  for purchase and transportation 
RR(pj) Rate of return of product p of Customer j. 
ca(pi) Capacity of Refinery / Petrochemical i for product p at Normal Mode. 
Ca+

(pi′) Ability to increase the production capacity of Refinery / Petrochemical i′ for product p.  
ca2(pk) Delivery capacity of Customer k for product p. 
ca3(n) Delivery capacity of disposal s. 
ρ Average disposal fraction         0 ≤  ρ ≤1 
λ Rate of out of service Refinery / Petrochemical. 
M A large number             
DIS1(ij) Distance between Refinery / Petrochemical i to Customer j. 
DIS 2(ik) Distance between Refinery / Petrochemical i to Customer k. 
DIS 3(jk) Distance between Customer j to Customer k. 
DIS 4(ks) Distance between Customer k to potential/disposal s. 

 [
 D

O
I:

 1
0.

22
06

8/
iji

ep
r.

33
.2

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
ie

pr
.iu

st
.a

c.
ir

 o
n 

20
23

-0
5-

22
 ]

 

                             8 / 33

http://dx.doi.org/10.22068/ijiepr.33.2.1
http://ijiepr.iust.ac.ir/article-1-1207-en.html


9 A Mathematical Model for Sustainable and Resilient Supply Chain By Considering 
Synchronization In the Production and Distribution Network 

 

International Journal of Industrial Engineering & Production Research, June 2022, Vol. 33, No. 2 

DIS 11(i′′i ′) Distance between Refinery / Petrochemical i′′  to Refinery / Petrochemical i′. 
FC1(mij) Fixed cost of using vehicle m to carry products between Refinery / Petrochemical i to Customer j. 

FC 1-1(mi′′i′j) 
Fixed cost of using vehicle m to carry products between Refinery / Petrochemical i′′  to i′ to 
Customer j. 

FC 2(mik) Fixed cost of using vehicle m to carry products between Refinery / Petrochemical i to Customer k. 

FC 2-2(m i′′i ′k) 
Fixed cost of using vehicle m to carry products between Refinery / Petrochemical i′′  to i′  to 
Customer k. 

FC 3(mjk) Fixed cost of using vehicle m to carry products between Customer j to Customer k. 
FC 4(mks) Fixed cost of using vehicle m to carry products between Customer k to disposal s. 
RCR i′′ Reduction coefficient of Restarting time for the Refinery / Petrochemical i′′ -    푅퐶푅	푖′′ ≤ ≤ 0 
FCR (i′′) Fixed cost of Restarting of the Manufacturer  i′′ 
CF RCR (i′′) Cost Function of Restarting time for Manufacturer  i′′   
MTTD(i′′) Mean Time to Detect / Diagnose 
MTTR(i′′i) Mean Time To Resolve / Repair 
RT(i′′) Restarting Time of the Manufacturer i′′ = MTTD(i′′)+MTTR(i′′) 
RB Restarting Budget 
SM Switch mode ( 0 for normal mode , 1 for resilient mode) 
Time(mij) Travel time  of using vehicle m to carry products between Refinery / Petrochemical i to Customer j. 

Time (mi′′i′j) 
Travel time  of using vehicle m to carry products between Refinery / Petrochemical i′′  to i′ to 
Customer j. 

Time (mik) Travel time  of using vehicle m to carry products between Refinery / Petrochemical i to Customer k. 

Time (m i′′i′k) 
Travel time  of using vehicle m to carry products between Refinery / Petrochemical i′′  to i′  to 
Customer k. 

Time (mjk) Travel time  of using vehicle m to carry products between Customer j to Customer k. 
 
Mathematical formulation  
(1) First objective function - Cost function – Normal mode 
cost function for normal mode and met demand when all refineries are in service 
+ ∑ ∑ ∑ ∑ (	 IS(i) × Ypmij   (p1(pi) + UC(p) × DIS1(ij) ) + ∑ ∑ ∑ ∑ (	(p2(m)+ FC1(mij) (IS(i) × Ap. Ypmij   /  
VC(m))) B1mij ) 
+ ∑ ∑ ∑ ∑ (	 IS(i) ×Vpmik (p1(pi)+ UC(p)× DIS 2(ik)) + ∑ ∑ ∑ ∑ (	 (p2(m)+ FC 2(mik) (IS(i) × Ap. Vpmik / 

VC(mp))) B2mik) 
+ ∑ ∑ ∑ ∑ (	Upmjk ×UC(p) ×DIS 3(jk)+ ∑ ∑ ∑ ∑ (	 (p2(m)+ FC 3(mjk) (Ap. Upmjk / VC(mp)) ) B3mjk ) 
+ ∑ ∑ ∑ ∑ (	DCpmks ×UC(p) ×DIS 4(ks) +∑ ∑ ∑ ∑ (	(p2(m)+ FC 4(mks) (Ap. DCpmks / VC(mp)) ) B4mks) 
 
(2) First objective function - Cost function – Resilient Mode 
Scenario 1 – Restarting Refinery 

Min z =S   (	∑ 퐹퐶푅	(i ) + (1 − 푅퐶푅	i ) ∗ RT(i ) ∗ CF		 	 	 ) +	∑ ∑ ∑ ∑ 	퐣 (	  (1- 

IS(i)) × Ympij (p1(pi)+ UC(p) × DIS1(ij) ) + ∑ ∑ ∑ ∑ (	 	(p2(m)+ FC1(mij) ((1- IS(i)) × Ap . Ympij    /  
VC(mp))) B1pij)  

 

+ ∑ ∑ ∑ ∑ (	 	 (1- IS(i)) × Vpmik (p1(pi) + UC(p) × DIS 2(ik) ) + ∑ ∑ ∑ ∑ (	 	( p2(m) + FC 2(mik) ((1- 

IS(i) ) × Ap .Vpmik / VC(mp))) B2pik)  

(3) First objective function - Cost function – Resilient Mode 
Scenario 2 - Production capacity sharing  

+ S 	 	 ∑ ∑ ∑ ∑ ∑ ( (1- IS(i)) ×	X(mp i′′i′j) × ( p1(pi) + CE × DIS 11(i′′i′) + UC(p) ×DIS1(ij) ) ) 

+ ∑ ∑ ∑ ∑ ∑ ( p2(m)+ FC 1-1(mi′′i′j) × ( (1- IS(i))	× Ap . X(mp i′′i′j) / VC(m) ) ×B11(mi′′i′j) ) 
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+ ∑ ∑ ∑ ∑ ∑ ( (1- IS(i))×Q(pmi′′i′k)×( p1(pi) + CE × DIS 11(i′′i′) + UC(p) × DIS 2(ik) ) ) + 

∑ ∑ ∑ ∑ ∑ ( p2(m)+ FC 2-2(m i′′i′k)×( (1- IS(i))× Ap . Q (pi′′i′k)/ VC(m)) )×B12(mi′′i′k) )	  

(4) First objective function - Cost function – Resilient Mode 
Scenario 3- Production and transportation capacity sharing - overhead cost factor 

+ S 	 	 	 ∑ ∑ ∑ ∑ ∑ ( (1- IS(i)) ×	X(mp i′′i′j) × OHF × ( p1(pi) + UC(p) × DIS1(ij) ) ) 

+ ∑ ∑ ∑ ∑ ∑ 	OHF	 × ( p2(m)+ FC1(mij) × ( (1- IS(i))	×X(pm i′′i′j) / VC(mp) )× B1(mij)) 

 

 
+ ∑ ∑ ∑ ∑ ∑ ( (1- IS(i))	×Q(pmi′′i′k) × OHF × ( p1(pi) + UC(p) × DIS 2(ik) ) ) + 

∑ ∑ ∑ ∑ ∑ 	OHF × ( p2(m)+ FC 2(mik)×( (1- IS(i))	× Ap.	Q (pi′′i′k)/ VC(mp)) )× B2(mik) )	  

(5) Second Objective Function - Time function – Resilient Mode 

MinZ2=푆 	∑ (1 − 푅퐶푅	푖′′)(푅푇(푖′′))	+ ∑ ∑ ∑ 	 	(	푇푖푚푒	 × 	퐵1푚푖푗)+ 

∑ ∑ ∑ 		(	푇푖푚푒	 × 	퐵2푚푖푘)	  

 

+	푆 	 	 ∑ ∑ ∑ ∑ 		(	푇푖푚푒	 		퐵11(푚푖′′푖′푗)	) 	+	∑ ∑ ∑ 		(	푇푖푚푒	 ×

	퐵3푚푗푘) 		+ 	∑ ∑ ∑ ∑ 	 	(	푇푖푚푒	 		퐵12(푚푖′′푖′푘)	) . 

 

+	푆 	 	 	 ∑ ∑ ∑ 		 	푇푖푚푒	 × 	퐵1푚푖푗 + 	∑ ∑ ∑ 	 (	푇푖푚푒	 ×

	퐵3푚푗푘	) 	+ 		∑ ∑ ∑ 		(	푇푖푚푒	 × 	퐵2푚푖푘)	   

 

 
S.t.   

∑ 	∑ 	퐼푆(푖)	푌(푚푝푖푗) − 	∑ 	∑ 푈푝푚푗푘= DN(pj) ∀	j, p (6) 

푆 		 	∑ 	∑ (1 − 	퐼푆(푖)	)푌(푚푝푖푗)  

+ 푆 	 	 	 	∑ 	 ∑ 	∑ (1 − 	퐼푆(푖))	푋(푚	푝	푖′′푖′푗)			  

 +푆 	 	 	 	 	∑ 	 ∑ 	∑ (1 − 	퐼푆(푖))	푋(푚	푝	푖′′푖′푗)			 = 

∑ 퐷퐹(푝, 푖′′, 푗) 

∀	j, p (7) 

∑ 	∑ 	퐼푆(푖)	푌(푚푝푖푗) +	∑ 	 ∑ 	∑ (1 − 	퐼푆(푖))	푋(푚	푝	푖′′푖′푗)			 ≥ 
∑ 	∑ 푈푝푚푗푘 

∀	p, j (8) 

∑ 	∑ ∑ 	 퐼푆(푖)푌(푚푝푖푗)  +∑ 	∑ ∑ 	 퐼푆(푖)푉(푚푝푖푘)  ≤ ca (pi) ∀	p (9) 

  
∑ 	∑ 	∑ 	(1 − 	퐼푆(푖))	푋(푚	푝	푖′′푖′푗)			+∑ 	∑ 	∑ 	(1 −

∀	p,	푖′′(푖′ ≠
푖′′) ∈	i 

(10) 
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	퐼푆(푖))푄(푚	푝	푖′′푖′퐾)			 ≤ ca(pi’) + ca+
(pi’)  – (  ∑ 	∑ ∑ ∑ 	퐼푆(푖) 	×푌(푚푝푖푗)  

+∑ 	∑ ∑ ∑ 	퐼푆(푖) 	×푉(푚푝푖푘) ) 
∑ 	∑ 	 퐼푆(푖)	V( mpik)+∑ 	∑ 	∑ (1 − 	퐼푆(푖)) 	× 푄	(푝푚푖′′푖′푘) +
		∑ 	 ∑ 	Upmjk 	≤		ca2(pk) 

∀	p,k (11) 

∑ 	∑ 	 DCpmks   ≤  ca4(n) ∀	p,s (12) 

∑ 	∑ 	 Upmjk 	= RR(p)×	 ∑ 	∑ 	퐼푆(푖)푌(푚푝푖푗)+ ∑ 	∑ 	∑ (1 −

	퐼푆(푖)) 	× 푋	(푝푚푖′′푖′푗)  

∀	p, j (13) 

∑ 	∑ 	DCpmks=ρ ×	(	∑ 	 ∑ 	 ∑ 	 퐼푆(푖)	V(mpik)+∑ 	∑ 	∑ ∑ 	 (1 −
	퐼푆(푖)) 	× 푄	(푝푚푖′′푖′푘) +		∑ 	 ∑ 	 ∑ 	Upmjk 		) 

∀	p, s (14) 

p2(m) × ∑ 	 ∑ 	(	∑ 	B1mpij+	∑ 	B2mpik) ) + ∑ ∑ 	B3mpjk + ∑ ∑ 	 B4mpks + 

(	∑ 	∑ (	 ∑ 		B11(mpi′′i ′j)  + ∑ 	 B12(mpi′′i′k) ) )  ≤  Bm 
∀	m 

(15) 

(	∑ 퐹퐶푅	(i ) + (1 − 푅퐶푅	i ) ∗ RT(i ) ∗ CF		 	 	 ) ≤ RB 	  ∀	i  (16) 

∑ 퐴푝	. 푌 	 ≤		B1mij × VC(m)  ∀	m, i, j (17) 

∑ 퐴푝	. 푉푝푚푖푘	 ≤		B2mik × VCm  ∀	m, i′,, k (18) 

∑ 퐴푝	. 푈 	 ≤		B3mjk × VCm  ∀	m, j, k (19) 

∑ 퐴푝	. 퐶퐼	 	 ≤		B4mks × VCm ∀	m, k, s (20) 

∑ 퐴푝	. 푋(푝푚	푖′′푖′푗)		 ≤		B11(mi′′i ′j)  × VC(m)  
∀	m, (푖′ ≠
푖′′) ∈	i, j 

(21) 

∑ 퐴푝	. 푄(푝푚푖′′푖′푘)	 ≤		B12(mi′′i′k) × VCm  
∀	m, (푖′ ≠
푖′′) ∈	i, k 

(22) 

∑ 	풎 Ypmij  ≤		M .  ∑ 	풎 B1mij ∀	i′, j, p, m (23) 

∑ 	풎 Vpmik  ≤		M . ∑ 	풎 B2mik ∀	i′, k, p, m (24) 

∑ 	풎 Upmjk  ≤		M . ∑ 	풎 B3mjk ∀	j, k, p, m (25) 

∑ 	풎 DCpmks   ≤		M . ∑ 	풎 B4mks ∀	k, s, p, m (26) 

∑ 	풎 X(mp i′′i′j)   ≤		M . ∑ 	풎  B11(mi′′i ′j) ∀	, (푖′ ≠ 푖′′) ∈
	i′,,j, p, m 

(27) 

∑ 	풎 Q (pmi′′i′k)		≤		M . ∑ 	풎  B12(mi′′i′k) ∀	, (푖′ ≠ 푖′′) ∈
	i′,,k, p, m 

(28) 

푆 	∑ (1 − 푅퐶푅	푖′′)(푅푇(푖′′))	+ ∑ ∑ ∑ 		(	푇푖푚푒	 ×

	퐵1푚푖푗)+ ∑ ∑ ∑ 		(	푇푖푚푒	 × 	퐵2푚푖푘)	 ≤ 		MRT 

 (29) 

푆 	 	 		(	푇푖푚푒	 		퐵11(푚푖′′푖′푗)	) 	

+	 	 	(	푇푖푚푒	 × 	퐵3푚푗푘) 		

+ 	 	 	(	푇푖푚푒	 		퐵12(푚푖′′푖′푘)	) ≤ 		MRT 

 (30) 
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푆 	 	 	 	 	 	푇푖푚푒	 × 	퐵1푚푖푗

+	 	 (	푇푖푚푒	 × 	퐵3푚푗푘	) 	

+		 	 	(	푇푖푚푒	 × 	퐵2푚푖푘)	 		 ≤ 		MRT 

 (31) 

∑ 	풎 B1mij    ≤		1 ∀	i′, j (32) 

∑ 	풎 B2mik   ≤	 1 ∀	i′, k (33) 

∑ 	풎 B3mjk   ≤		1 ∀	j, k (34) 

∑ 	풎 B4mks   ≤		1 ∀	k, s (35) 

∑ 	풎  B11(mi′′i′j)    ≤		1 ∀	(푖′ ≠ 푖′′) ∈
	i,j 

(36) 

∑ 	풎  B12(mi′′i′k) ≤		1 ∀	, (푖′ ≠ 푖′′) ∈
	i,k 

(37) 

∑ 	풏
풊 ퟏ  IS(i) ≤ n(	1- λ)  (38) 

푆 	 	+ 	푆 	 	 +	푆 	 	 	
	 	 = SM Switch mode (39) 

B1mij, B2mik, B3mjk, B4mks, B11(mi′′i′j) , B12(mi′′i′k), IS(i) , S 	, S 	, S 	 	  ∈ {0, 1} ∀		m,i, j, k, s, (40) 

Ypmij  , X(pm i′′i′j) , Upmjk , Vpmik , Q (pmi′′i′k),   DCpmsn , ≥  0 ∀	m,i, j, k, s, p (41) 

 
In the objective function (1), total transportation 
cost of products is represented based on “the 
distances, purchasing or hiring cost of vehicles 
and travel cost of vehicles “to carry products 
from refinery to customer j respectively. The 2nd 
terms represent total transportation cost of 
products to carry products from refinery to 
customer k and rejected product from customer j 
to customer k. The 3rd terms represent total 
transportation cost to carry products from 
customer k to disposal centers. 
Objective function (2) represents cost function of 
resilience mode Scenario 1 - Restarting - Includes 
cost of refineries repair and restart - loading and 
sending the product after the unit returns to 
service 
Objective function (3) represents cost function of 
resilience mode Scenario 2 - Production capacity 
sharing - including determining the replacement 
unit - Sending a truck without load from the out-
of-service unit to the active replacement unit - 
Loading and sending the product through the 
shared capacity 
Objective function (4) represents cost function of 
resilience mode Scenario 3 - Production and 
transportation capacity sharing - loading and 
sending the product through the shared capacity 

of the alternative active unit in terms of extending 
the overhead cost factor 
Objective function (5) represents Time function 
of resilience mode - Selection the scenario with 
the shortest time to return to normal condition 
after disrupting the production network 
Constraint (6) indicates the supply of customer 
demand means that the total amount of products 
sent to the customer must be equal to their total 
demand. 
Constraint (7) indicates the lost supply demand 
using the defined scenarios for the production 
network flexibility. 
Constraint (8) - (13) shows the relationship 
between the amounts of product sent to customer 
j and returned products. 
Constraint (9) denotes the amount of products 
that are sent to the customer through normal 
capacity of in-service factories. (Normal mode) 
Constraint (10) denotes the amount of products 
that are sent to the customer through load sharing 
capacity (Empty capacity plus increased capacity 
for sharing) from active Factories / Refineries 
instead of out of service ones. (Resilient mode) 
Constraints (11) − (12) are capacity constraints 
on facilities. 
Constraint (13) assures that the ratio of demands 
as return products are collected in customers (k), 
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Constraints (14) assure that in the reverse 
logistic, a quota of returned products in 
Recycling / Conversion centers which are usable, 
becomes a new product and others that aren’t 
usable are exterminated. 
Constraint (15) represents the constraint of 
budget for purchasing or hiring vehicles. 
Constraint (16) represents the constraint of 
budget for restarting of refineries. 
Constraints (17) − (28) enforce that there should 
be at least one vehicle with a certain carrying 
capacity to carry products 
Constraints (29) − (31) indicates the time limit 
for chain resilience and return to normal mode. 
Constraints (32) − (37) enforce that for each path, 
only one kind of vehicle should be used. 
Constraint (38) represents the status of the 
production network and the number of factories 
(in or out) of service. 
Constraint (39) changes the modeling state 
between normal and resilient modes and selects 
only one scenario in resilient mode. 
Constraint (40) denotes the binary variables. 
Constraint (41) represents the non-negativity 
restriction of the decision variables. 
 

4. Solution Approach 
In this section, the optimal amounts of products 
which must be carried in the routes are 
determined. The costs are determined by three 
scenarios from factories to customers.  
1. Directly from active factories to customers 
2. Indirectly from down state factories to up state 
factories to customers. 
3. Directly for returned product from customers 
to Recycling centers.  
Purchasing or hiring cost of vehicles and travel 
cost of vehicles are normally calculated to carry 
products from active factories to customers. For 
the stability of the distribution network in case of 
failure of some members of the production 
network, resilient mode is applied. In this 
method, customer demand is met by restarting the 
refinery or up state factory instead of down state 
factory. At the load sharing stage, since some 

factories are out of the service, shipping will be 
dispatched from the stopped plant to the closest 
replacement plant and then to the customer, with 
the purpose of supplying sustainable demand 
flow in the supply chain network. In the reverse 
network, transportation cost of products based on 
the distances, purchasing or hiring cost of 
vehicles and travel cost of vehicles to carry 
products from customer to disposal centers are 
determined. We generate several instances to 
validate the performance of the model. The 
mathematical model of the problem is coded in 
GAMS “BARON solver “[80] and Matlab 
“NSGA II and SPGA II” software and the 
algorithms are coded on a computer with 8.0 GB 
Ram and 2.66 GHz processor.  
Two algorithms of NSCA-II and SPGA-II were 
used to solve the model [81-83]. The method of 
solving the algorithm consists of two phases. In 
the first phase, the routes and the optimal 
quantities of products transported in each route 
are determined, and the second phase includes the 
optimization of vehicle selection for the 
transportation of products. To create an initial 
population, random numbers from 1 are 
generated and represented in matrix segments as 
the size of each segment. Costs are determined by 
variable shipping costs and purchase costs 
excluding vehicle costs. Also, to evaluate 
chromosomes, fitness performance is calculated 
at no cost to the vehicle. To prevent infeasible 
solutions (the number of all routes greater than 
the number of available vehicles), a penalty 
function is added to the fitness function. The 
relation [bm / pu2m] is also used to determine the 
number of m-type vehicles available. 
 
4.1. Solution representation 
In this approach, each solution can be defined as an 
array, resources represented by cell position, and 
valuable priorities in cells. in the vector, products 
transported by vehicles are represented respectively 
between sources and customers. The chromosome 
consists of six segments, where each segment is 
related to one part of the supply chain. 

 

  
First  Second Third Fourth Fifth  Sixth  

segment segment segment segment segment segment 
  i' j i' k i' i'' j i' i'' k j   k   k   n   
  1 2 1 2 1 2 1 2 1 2 3 4 1 2 1 2 3 4 1 2 1 2 1 2 1 2 1 2 
p=1 3 1 2 4 2 1 3 4 2 3 7 5 6 1 2 3 7 5 3 5 1 4 3 5 2 4 3 1 
p=2 1 3 4 2 4 2 3 1 6 2 1 4 7 3 6 2 1 4 1 4 5 3 1 4 3 1 4 2 

Fig. 8. The solution representation 
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To decode a supply chain chromosome, the first and 
second segments should be decoded to determine 
Y(mpij),  
V( mpik). The demand of a customer j for product p is 
which should be sent 
 ∑ 	∑ 	퐼푆(푖)	푌(푚푝푖푗) − 	∑ 	∑ 푈푝푚푗푘= DT(pj).  
The third and Fourth segments should be decoded to 

determine the shipment from Refinery or alternative 
Refinery to the customer. The demand of a customer 
would be satisfied with Refineries or alternative ones 
with the minimum cost. So the  X(m p i′′i′j),  Q (mpi′′i′k), 
could be calculated. After that, the Fifth and Sixth 
fourth segments are decoded respectively and UI(mpjk) , 
DC(mpkn) are calculated. 

 

 
Fig. 9. Decoding algorithm 

 
The assignment vector shows the potential 
vehicles available to transport all available 
products on all available routes. A typical 

example of the vector is shown below that 
represents available vehicles for transporting 
Y(mpij), V( mpik), X(m p i′′i′j),    Q (mpi′′i′k), UI(mpjk) and DC(mpkn. . 

 
2 3 1 2 3 2 1 3 1 2 1 3 2 3 2 3 2 2 3 1 1 3 1 2 3 2 2 3 

Fig. 10. The representation of assignment vectors. 
 

The proposed algorithm consists of two phases. 
The first phase determines the routes and the 
optimal quantities of portable products on the 

routes. In the second phase, the optimal vehicles 
for transporting products are determined. 
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4.2. Constraint optimization problem  
A constrained optimization problem can be 
described as follows: 

푚푖푛	푓(푥), 푥 ∈ 퐷
푔 (푥) ≤ 0, 푖 = 1,2, Ʌ		, 푞

ℎ (푥) = 0, 푗 = 푞 + 1,Ʌ		, 푚
	

Where; 푓(푥)is the objective function, 푔 (푥) ≤
0	is the inequality constraint condition of the 
problem, ℎ (푥) = 0 is an equation constraint 
condition, |ℎ(푥)| − 훿 ≤ 0	 , 훿 an equality 

constraint that violates function thresholds and is 
generally set to a smaller positive number.  

퐺푖(푥) 	=
푚푎푥{0, 푔 (푥)}, 1 ≤ 푖 ≤ 푞

	푚푎푥 0, ℎ (푥) − 훿 , 푞 + 1 ≤ 푖 ≤ 푚 

This indicates the degree of violation of a 
solution x to i constraint in a group and reflects 
the order of the distance  from the feasible 
domain. The problem of constrained optimization 
can also be described as follows: 

 

푚푖푛	푓(푥), 푥 ∈ 퐷 
푔 (푥) ≤ 푔 , ∀푖 
푘 (푥) ≥ 푘 ,∀푙 
ℎ (푥) = ℎ ,∀푗 
 

퐺푖(푥) 	=

⎩
⎪⎪
⎨

⎪⎪
⎧푚푎푥 0,

푔 (푥)
푔

− 1

	푚푎푥 0,1 −
푘 (푥)
푘

ℎ (푥)
ℎ

− 1
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In constrained optimization problem processing, 
constraint conditions are converted to the target 

of optimization. The process steps for improving 
the algorithms are as follows: 

 

 
 
Deb's comparison rule is used to compare a 
feasible solution with the infeasible solution. For 
a two-objective optimization problem, Parent 
individual and values of the objective function 
correspond are 푓 , 푓 , 푓 , 푓  respectively 
assuming that the parent individual P1, P2, sub-
generation C1, C2, the first four from the nine 
possible relationships for individuals belong to 
the evolutionary preferential range. 

 
Genetic manipulation can be effective in 
comparing the offspring and parents individuals

 
In the process of performing genetic operations 
between the feasible solution and the infeasible 
solution, the evolutionary algebra solution of the 
feasible and the intersecting -linking of the 
infeasible solution are adjusted, that is, the cross 
variation of the infeasible and the feasible 
solution are made when the evolutionary algebra 
is	훿. 

⎩
⎨

⎧
퐾 = 푟표푢푛푑(푘)

푘 = {푘 ≤ 푇|푘 =푒 , 푡 ∈ [0,1,0.1,0.2,0.3, Ʌ]}
K ∶ 	evolutionary	number	of	feasible	and	infeasible	solutions

T ∶ 	total	algebra	of	population	evolution

 

This paper maintains the first frontier archive of 
the feasible solution as an advantage in the 
optimization process and ensures that the 
alternative link is effective in the dominant set in 
the replacement process. In view of the serious 
overlap in the feasible domain of search of 
dominant individuals, performed half of the 
marginal mutation operations in the size of the 
dominant individual. In the process of alienation 
from x to x , if [ Umin  Umax] is the value range 
of C, Then 푥 , can be obtained by the following: 
푈 , 푟표푢푛푑(0,1) = 0
푈 , 푟표푢푛푑(0,1) = 1

 

푟표푢푛푑(0,1) Indicates that 0 or 1 are selected 
with the same probability. The key point is that 
the individual solution after the mutation is still 
within the feasible domain of the target space. 
 

4.3. Data generation. 
We defined the instances that can be 
characterized by the number of Refinery (ni) that 
are 12, stopped Factory/Refinery (ni′′) that are 
between 0-4, vehicles (nm) that are 6, Customer 
(nj) that are 12, and Recycling/Conversion 
centers (nk) that are 10. The data required for the 
problem are generated, as shown in Table 3 and 
4.

 

Tab. 3. Indices and sets 
Indices Value   
i  Phase1,Phase2,Phase4,Phase9,Phase12,Phase13,Phase15,Phase17,Phase19,Phase20,

Hashmi,Ilam i = 1,…, 12 

i′  Phase1, Phase9, Phase19, Ilam i′ ∊ I 
j Tehran,Qazvin,Hamedan,Kermanshah,Urmia,Zanjan,Tabriz,Mashhad,Esfahan,Yazd,Q

om,Semnan j = 1,…, 12 

k Tehran,Qazvin,Saveh,Shahrekord,Zanjan,Lorestan,Mashhad,Isfahan,Yazd,Shiraz s = 1,…, 10 
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m  Truck 1,Truck 2,Truck 3,Truck 4,Truck 5,Truck 6 m = 1,…, 6 
Tab. 4. Model parameters 

Parameter  Value 
DT(pj) [100 -1000] 
DN(pj) Determine the value after running the model in normal mode 
DF(p,i′′,j) Determine the value after running the model in normal mode 
B(m) [2*109-10*109] 
VC(mp) Truck 1 32, Truck 2 26, Truck 3 22, Truck 4 15, Truck 5 10, Truck 6 6 
p1(pi) [Sulfur Granular: 200 per ton,  Sulfur Lump 185$ per ton] 
p2(m) Truck 1 45000,Truck 2 40000,Truck 3 35000,Truck 4 30000,Truck 5 25000,Truck 6 20000 
UC(p) [5 -10] 
CE [2 -5] 
OHF [0 -0.05] 
RR(pj) [0.05 - 0.20] 
ca(pi) [50 - 1200] 
Ca+

(pi′) [0 -0.3] ca(pi) 
ca2(pk) [0 - 500] 
ca3(n) [0 - 200] 
ρ fraction of mean lesions 1 ≤ ρ ≤0 
λ [0 -0.4] 
M is a very large number 
DIS1(ij) calculated  from google map 
DIS 2(ik) calculated  from google map 
DIS 3(jk) calculated  from google map 
DIS 4(ks) calculated  from google map 
DIS 11(i′′i′) calculated  from google map 
FC1(mij) Truck 1 100,Truck 2 80,Truck 3 60,Truck 4 50,Truck 5 40,Truck 6 30 
FC 1-1(mi′′i′j) Truck 1 110,Truck 2 90,Truck 3 70,Truck 4 60,Truck 5 50,Truck 6 40 
FC 2(mik) Truck 1 100,Truck 2 80,Truck 3 60,Truck 4 50,Truck 5 40,Truck 6 30 
FC 2-2(m i′′i ′k) Truck 1 110,Truck 2 90,Truck 3 70,Truck 4 60,Truck 5 50,Truck 6 40 
FC 3(mjk) Truck 1 110,Truck 2 90,Truck 3 70,Truck 4 60,Truck 5 50,Truck 6 40 
FC 4(mks) Truck 1 100,Truck 2 80,Truck 3 60,Truck 4 50,Truck 5 40,Truck 6 30 
RCR i′′ [0.0 - 0.20] 
FCR (i′′) [1*106-10*106] 
CF RCR (i′′) [1*103-10*103] 
MTTD(i′′) [0 - 24] 
MTTR(i′′i) [24 - 48] 
RT(i′′) [24 - 72] 
RB [1*109-10*109] 
SM [0 - 1] 
Time(mij) calculated  from google map 
Time (mi′′i′j) calculated  from google map 
Time (mik) calculated  from google map 
Time (m i′′i′k) calculated  from google map 
Time (mjk) calculated  from google map 
  
  
4.4. Determined parameters to algorithms 
The efficiency of meta-heuristic algorithms is 
directly related to the setting of their parameters. 
Given the size of the problems implemented in 
this paper, we selected the parameters 
experimentally. In each algorithm, the sizes of 
population for problems were 200. In the SPGA-
II algorithm, the number of subpopulations was 
20. The crossover and mutation rates were 
selected equal to 0.57 and 0.17 respectively. In 
the first phase, a chromosome was randomly 

selected from the general archive as an elite for 
each subpopulation. 

5. Numerical Results. 
In this section, the problems were clustered 
which included 5 problems. Among 5 defined 
problems , the number of refineries were 12 , the 
number of stopped refineries were between 0 to 4 
, the number of Customer j were 12, the number 
of Customer k were 10, the type of vehicles k 
were 6 and the number of production for each trip 
were 2: the carriage operation of each production 
was defined randomly. In order to protect the 
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environment in this paper, refineries that have the 
lowest score of compliance with performance 
indicators will be stopped for corrective actions 
and will be managed using resilience scenarios of 
the challenge of stopping refinery production in 
the supply chain. For this purpose, the ELECTRE 
method of multi-criteria decision-making 
methods is used. 
 
5.1. Performance rating of gas refineries 
from the perspective of environmental 
friendliness using the ELECTRE method 
In this study, environmental performance 
indicators such as air, water and wastewater 
pollutants have been used to assess the risk and 
determine the impact of gas refineries on the 

environment [84]. The most important 
environmental indicators considered in this paper 
are greenhouse gas emission, flaring, acidic gas 
in the air (diffused sulfur oxides), released 
nitrogen oxides, the discharge of COD pollution 
into the environment, the discharge of 
hydrocarbons into the environment and 
production effluent. The ELECTRE method 
(elimination and choice expressing reality) has 
been used to rank refineries in terms of 
environmental compliance [85]. Steps of 
ELECTRE method are given below [86- 88]: 
Step 1: Preparation of Decision Matrix In 
decision matrix columns will give you the criteria 
(n) and rows will state the alternatives (m).  

 
Tab. 5. Decision matrix 

 C1  C2  C3  C4  C5  C6  C7  C8  
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m
3/

m
sc

m
  

Refinery 1 -Phase1 42500.5 0.522 1.241 0.005 0.062 0.801 0.001 9258.26 

Refinery 2- Phase2 114.1 0.803 1.058 0.124 7.777 0.001 0.001 845.16 

Refinery 3- Phase4 130 39.937 2.13 0.279 16.248 0.001 0.001 1863.4 

Refinery 4- Phase7 917 3.69 0.222 0.674 10.866 0.001 0.001 54.96 

Refinery 5- Phase9 179.8 1.048 1.362 0.066 15.749 14.157 0.001 2433.84 

Refinery 6- Phase15 102.8 2.918 4.352 0.369 10.612 7.78 0.5 255.7 

Refinery 9- Phase12 2888.7 2.287 0.556 0.435 0.001 0.001 0.01 17656.82 

Ilam Refinery 393.3 28.532 14.368 0.73 2.464 0.438 0.6 65.98 

Hasheminejad Refinery 185.9 0.003 12.973 0.128 0.374 0.001 0.001 27.15 
Step 2: Calculation of the normalized decision matrix; decision matrix will be normalized by below 
formula 
(42):	푛푖푗 =

∑
   i= 1,2,…,m   j=1,2,…,n 

Step 3: Calculate the weighted normalized decision Matrix 
Weight determined by Entropy method will be multiplied by the normalized matrix and weighted 
normalized  

(43) 
퐸푗 −푘 [푝푖푗. ln(푝푖푗)] 
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(44) 퐷푗 1 − 	퐸푗 
(45) 

푊푗 
퐷푗

∑ 퐷푗
 

 

휆푗 Survey of experts  

(446) 
푊∗ 

휆푗 ∗ 	푊푗	
∑ 퐷푗

 

(47) 	
푉푖푗 = 	푊∗. 푥푖푗  

The matrix W is a diagonal matrix whose values of its main diameter is W and rest values are zero. 
 

Tab. 6. Construct the weighted normalized decision matrix 
Vij C1  C2  C3  C4  C5  C6  C7  C8  
Refinery 1 -Phase1 0.1852 0.0014 0.0054 0.0001 0.0000 0.0092 0.0001 0.0209 
Refinery 2- Phase2 0.0005 0.0022 0.0046 0.0027 0.0062 0.0000 0.0001 0.0019 
Refinery 3- Phase4 0.0006 0.1098 0.0093 0.0061 0.0129 0.0000 0.0001 0.0042 
Refinery 4- Phase7 0.0040 0.0101 0.0010 0.0148 0.0086 0.0000 0.0001 0.0001 
Refinery 5- Phase9 0.0008 0.0029 0.0060 0.0015 0.0125 0.1617 0.0001 0.0055 
Refinery 6- Phase15 0.0004 0.0080 0.0190 0.0081 0.0084 0.0889 0.0700 0.0006 
Refinery 9- Phase12 0.0126 0.0063 0.0024 0.0096 0.0000 0.0000 0.0014 0.0398 
Ilam Refinery 0.0017 0.0784 0.0628 0.0161 0.0020 0.0050 0.0841 0.0001 
Hasheminejad Refinery 0.0008 0.0000 0.0567 0.0028 0.0003 0.0000 0.0001 0.0001 
 
Step 4: Determine the concordance and discordance sets 
C(p, q) = 푗, 푣 ≥ 푣  
퐷(푝, 푞) = 	 푗, 푣 < 푣  
Step 5: Calculate the concordance matrix  
Concordance matrix is the matrix generated by adding the values of weights of Concordance set elements.  
(48) 퐶 = 	∑ 푊 ∗∗  
 

Tab. 7. Concordance matrix 
 1 2 3 4 5 6 7 8 9 

1   0.29 0.42 0.29 0.71 0.71 0.25 0.42 0.21 

2 0.71  1.00 0.86 0.96 0.71 0.83 0.96 0.75 

3 0.58 0.29  0.62 0.58 0.46 0.62 0.75 0.71 

4 0.71 0.42 0.67  0.46 0.42 0.71 0.68 0.42 

5 0.29 0.04 0.42 0.54  0.39 0.54 0.68 0.47 

6 0.29 0.29 0.54 0.58 0.61  0.33 0.68 0.43 

7 0.75 0.46 0.67 0.57 0.46 0.67  0.71 0.46 

8 0.58 0.04 0.25 0.32 0.32 0.32 0.29  0.00 

9 0.79 0.53 0.57 0.86 0.53 0.57 0.83 1.00  
 
Step 6: Calculate the discordance matrix  
Discordance matrix is prepared by dividing discordance set member values to the total value of the whole 
set.  

(49) 퐷 = 	
( ∈ 	 )
( 	 )

 

 
Tab. 8. Discordance matrix 

 1 2 3 4 5 6 7 8 9 
1  1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
2 0.03  0.00 0.30 0.01 0.00 0.51 0.06 0.11 
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3 0.59 1.00  1.00 0.66 1.00 1.00 0.59 1.00 
4 0.08 1.00 0.09  0.08 0.08 1.00 0.10 0.22 
5 0.83 1.00 1.00 1.00  1.00 1.00 1.00 1.00 
6 0.43 1.00 0.87 1.00 0.18  1.00 1.00 1.00 
7 0.05 1.00 0.12 1.00 0.07 0.14  0.15 0.22 
8 0.42 1.00 1.00 1.00 0.48 0.84 1.00  1.00 
9 0.28 1.00 0.43 1.00 0.31 0.42 1.00 0.00  

 
Step 7: Make calculations of advantage Averages of concordance and discordance values are taken.  
푓 = 1 → 퐶 ≥ 퐶̅	
푓 = 0 → 퐶 < 퐶̅

 
 

푔 = 1 → 퐷 ≥ 퐷	
푔 = 0 → 퐷 < 퐷

 

Step 8: Specifying the global and effective matrix 
 (50) ℎ = 푓 .푔  
 

Tab. 9. Specifying the global and effective matrix 
 1 2 3 4 5 6 7 8 9 

1  0 0 0 0 0 0 0 0 
2 1  1 1 1 1 1 1 1 
3 1 0  0 0 0 0 1 0 
4 1 0 1  0 0 0 1 0 
5 0 0 0 0  0 0 0 0 
6 0 0 0 0 1  0 0 0 
7 1 0 1 0 0 1 0 1 0 

8 1 0 0 0 0 0 0 0 0 

9 1 0 1 0 1 1 0 1 0 
 

Tab. 10. Ranking the alternatives (environmental compatibility) 
1 2 3 4 5 6 7 8 9 

Refinery 2 
Phase2 

Hasheminejad 
 Refinery 

Refinery 9 
Phase12 

Refinery 4 
Phase7 

Refinery 3 
Phase4 

Refinery 6 
Phase15 

Ilam 
 Refinery 

Refinery 5 
Phase9 

Refinery 1 
Phase1 

 
In order to protect the environment in this paper, 
refineries that have the lowest score of 
compliance with performance indicators will be 
stopped for corrective actions and will be 
managed using resilience scenarios of the 
challenge of stopping refinery production in the 
supply chain. The changes in total costs in 
different scenarios with the increase in the 
number of factories stopped are shown in the 
following table. Alternative refinery to meet 
demand and quantity of shipment via load 
sharing capacity are also determined. 
 
 
 
 
 

5.2. Results validation 
The proposed algorithm is executed six times for 
each problem. The average values obtained from 
the implementation of algorithms and solution 
results using GAMS software are shown in Table 
11.To show the relative difference between 
GAMS solutions and meta-heuristic algorithms, a 
quality criterion is defined as follows that the 
lower the value of this metric, the better solution 
quality we have. 
 (51) GAP = B A

B
   

Let A and B represent the best target values using 
the GAMS and the average target values of the 
proposed meta-heuristic algorithm. 
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Tab. 11. Results of the experiment of different scenario test problems. 

  
Proble

m 

  
Scenario 

  
Number of Out of Service 

Refinery 

GAMS 
Baron 
Solver 

  NSGA II   SPGA II 

  Best 
objective   Average 

value   Average 
value 

1 Normal 
mode   0 6.81E+7   6.51E+7   6.48E+7 

2 Resilient 
mode   1 8.86E+07   8.84E+07   8.86E+07 

3 Resilient 
mode   2 1.12E+08   1.16E+08   1.12E+08 

4 Resilient 
mode   3 1.34E+08   1.35E+08   1.32E+08 

5 Resilient 
mode   4 1.66E+08   1.62E+08   1.66E+08 

 
Tab. 12. CPU Time of the experiment of different scenario test problems 

  
Proble

m 

  
Scenario 

  Number of Out of 
Service Refinery 

GAMS   NSGA II   SPGA II 

   CPU time 
(sec)   Average CPU 

time (sec)   Average CPU 
time (sec) 

1 Normal mode   0 1010   159   99 
2 Resilient mode   1 1009   137   92 
3 Resilient mode   2 1009   296   185 
4 Resilient mode   3 1009   376   265 
5 Resilient mode   4 1000   972   615 

 
Fig. 11. The results of SPGA-II and NSGA-II algorithm  
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The results show in normal and resilient mode for 
the problems 1−5, Baron Solver can find the 
optimal solutions within 1000 second. As shown 
in Table 11 and 12, the NSGA II and SPGA II 
algorithms find the near optimal solutions in less 
computational times. These algorithms only find 
slightly worse solutions than Baron in GAMS in 

a few problems. GAP values do not exceed the 
5% for these problems. With increasing 
complexity of the problem, these algorithms find 
a better solution than GAMS in shorter 
computational time (GAP < 0.05). The 
convergence speed of the proposed algorithms is 
depicted in Figure 11. 

 
Tab. 13. Amount of product shipped from factory to customer in normal mode. 

Yij Amount of product shipped from Factory / Refinery i to customer j. 
Factory / Refinery index.( up state ) Customer index (Acidification plant). Value 
Phase1 Yazd 100 
Phase2 Zanjan 30 
Phase2 Esfahan 90 
Phase2 Qom 200 
Phase4 Tabriz 200 
Phase4 Yazd 32 
Phase9 Zanjan 90 
Phase12 Kermanshah 40 
Phase12 Urmia 200 
Phase13 Hamedan 20 
Phase13 Zanjan 30 
Phase15 Qazvin 142 
Phase17 Esfahan 110 
Phase17 Yazd 18 
Phase19 Hamedan 180 
Phase19 Kermanshah 60 
Hashmi Tehran 900 
Hashmi Qazvin 50 
Hashmi Mashhad 200 
Hashmi Semnan 150 
Ilam Orumieh 300 
Execution of the final planning model - Optimization of the model in the Resilience mode after occurrence of failure  
 

Tab. 14. Application of resilience scenarios in a case study 
Number of refineries stopped Zi = 1 

Out of service refineries Selected scenario 
(Restart / load sharing by replacement unit) Customers Value 

Ilam Refinery 

phase 1 Orumieh 20 
phase 2 Orumieh 40 
Phase 4 Orumieh 50 
Phase 9 Orumieh 20 
Phase 12 Orumieh 50 
Phase 17 Orumieh 25 
Phase 19 Orumieh 50 
Phase 20 Orumieh 45 

  
Number of refineries stopped Zi = 2 

Out of service refineries Selected scenario 
(Restart / load sharing by replacement unit) Customers Value 

phase 1 phase 2 Yazd 50 
Phase 4 Yazd 50 

Ilam Refinery Restart Orumieh 300 
 
Number of refineries stopped Zi = 3 

Out of service refineries Selected scenario 
(Restart / load sharing by replacement unit) Customers Value 

phase 1 
phase 2 Yazd 50 
Phase 4 Yazd 50 
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phase 19 
phase 2 Hamedan 180 
phase 3 Kermanshah 60 

Ilam Refinery Restart Orumieh 300 
Number of refineries stopped Zi = 4 

Out of service refineries Selected scenario 
(Restart / load sharing by replacement unit) Customers Value 

phase 1 
Phase 2 Yazd 50 
Phase 4 Yazd 50 

phase 9 Phase 4 Zanjan 90 

phase 19 
Phase 2 Hamedan 180 
phase 3 Kermanshah 60 

Ilam Refinery Restart Orumieh 300 
 
The results showed that the proposed model 
manages the consequences due to the failure of 
some members and customer demand could be 
met in any period without interruption, despite 

the cessation of production of 1 to 4 refineries. 
As a result, the supply chain became resilient and 
the distribution chain became sustainable. 

 
 

 
Fig. 12. Supply chain in normal mode “all refineries are in service” 

 

 
Fig. 13. Supply chain in load sharing mode “Some refineries are out of service” 
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Fig. 14. Failure in Ilam gas company and determine the alternative 

 

     
 

 
Fig. 15. Failure in south pars gas company - phase 1 and determine the alternative 

 
 

South Pars Gas Company 
- Phase 1 

Yazd 

South Pars Gas Company - Phase 2 & 4 
As an alternative 

South Pars Gas Company - Phase 2 
As an alternative 

Yazd 

South Pars Gas Company - Phase 1 
Malfunction 

South Pars Gas Company - Phase 4 
As an alternative 

Ilam Refinery 

Urmia 
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Fig. 16. Failure in south pars gas company - phase 19 and determine the alternative 

 
5.3. Comparison between algorithms  
In this section, to compare the results obtained 
from the implementation of SPGA-II and NSGA-
II algorithms with the same execution time for 
each problem, we use the following indicators. 
 Operational criterion of algorithm, This 

criterion is calculated as follow:  
 

| , , d om inates |( , )
| |

x A y B x yC S A B
x A

 


  
 
It is equal to the percentage of solutions of a 
Pareto collection which dominate other collection 
solutions [89].This criterion can be used to 

comprise the A and B vectors which include the 
answers of search space. The value of CS (A,B ) 
equal to 1 means that all members of B are 
dominated by A and the value of CS ( A,B ) 
equal to zero means that none of A members are 
not dominated by B. C ( A,B ) doesn’t have any 
relation with C ( A,B ) and they should be 
calculated separately. 
 Hyper area 
This criterion can measure the density of answers 
and at the same time their neuritis to Pareto level 
[90], [91]. This criterion signed by HV, indicated 
the amount of covered space by answers. 

  

 
Fig. 17. Hyper area of non-dominated answers 

South Pars Gas Company 
- Phase 19 

Hamedan 
Kermanshah 

South Pars Gas Company - Phase 19 
Malfunction South Pars Gas Company - Phase 2 

As an alternative 

Kermanshah 
Hamedan 

South Pars Gas Company - Phase 19 
Malfunction 

South Pars Gas Company - Phase 2 
As an alternative 

 [
 D

O
I:

 1
0.

22
06

8/
iji

ep
r.

33
.2

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 ij
ie

pr
.iu

st
.a

c.
ir

 o
n 

20
23

-0
5-

22
 ]

 

                            25 / 33

http://dx.doi.org/10.22068/ijiepr.33.2.1
http://ijiepr.iust.ac.ir/article-1-1207-en.html


26 A Mathematical Model for Sustainable and Resilient Supply Chain By Considering 
Synchronization In the Production and Distribution Network 

 

International Journal of Industrial Engineering & Production Research, June 2022, Vol. 33, No. 2 

 

To calculate the HV value, the target functions 
must be normalized. The  relation can be used 
when the real optimized Pareto answers exist, the 
value of this ratio is less than 1, and the closer the 
answer is to 1, the better the quality. 
HV1: obtained from answers set  
HV2:  real Pareto answers.  
 
 Mean ideal distance (MID):  

It measures the closeness between a non-
dominated solution and (0, 0) as an ideal point 
[92]. 

MID=
∑ 	 ( )	 	 ( )	

 
That n is the number of non-dominated solutions. 

 Spacing(S): 
This metric can be measured as follows to 
determine the diversity of the solutions [93] 

S=
∑ ( 	)  

di =	min , 	{| F1(xi) - F1(xj) | + | F2(xi) – 
F2(xj) |}  
푑̅ = average of the distances. The lower the value 
of this metric, the better the quality of solution is 
presented. 
The two algorithms SPGA-II and NSGA-II run 6 
times for 5 experimental problems. For 
algorithms that excel in criteria over others, the 
mean values are diagonally constructed and 
underlined. 

 
Tab. 15. The comparison of the two algorithms in CS metric. 

Problem size CS 
 (ni’,ni’’, nj, nk, nm) (NSGA-II,SPGA-II) (SPGA-II,NSGA-II) 
1 (12,0, 12, 10, 6) 0.386 0.655 
2 (11,1, 12, 10, 6) 0.159 0.686 
3 (10,2, 12, 10, 6) 0.02 0.935 
4 (9,3, 12, 10, 6) 0 0.778 
5  (8,4, 12, 10, 6) 0 0.875 
    
Average  0.113 0.7858 
 

Tab. 16. The comparisons of the two algorithms in MID, HA and S metrics. 
Problem size MID  HA  S 

 
(ni’,ni’’, nj, nk, nm) 

NSGA-II 
 

SPGA-II  NSGA-
II 
 

SPGA-II  NSGA-
II 
 

SPGA-II 

1 (12,0, 12, 10, 6) 0.599 0.412  0.434 0.719  0.620 0.236 
2 (11,1, 12, 10, 6) 0.586 0.419  0.428 0.585  0.551 0.268 
3 (10,2, 12, 10, 6) 0.738 0.106  0.246 0.908  0.488 0.240 
4 (9,3, 12, 10, 6) 0.461 0.23  0.54 0.765  0.187 0.522 
5 (8,4, 12, 10, 6) 0.628 0.124  0.327 0.838  0.139 0.325 
          

Average 0.6024 0.2582  0.395 0.763  0.397 0.3182 
 
As the results show, the solutions obtained by 
SPGA-II on average dominate the solutions 
obtained by NSGA-II. The average MID value 
for SPGA-II is lower than NSGA-II. This means 
that the convergence of this algorithm is better. 
The average HA value for SPGA-II is higher than 
NSGA-II, so the diversification created by 
SPGA-II can be even greater. S-metric SPGA-II 
is on average lower than other criteria. 
 Number of Pareto Solution (NPS) 

 

Tab. 17. Comparison between algorithms 
(NPS) 

SPGA NSGA NPS 
23 13 PROBLEM 1 
31 25 PROBLEM 2 
38 26 PROBLEM 3 
24 32 PROBLEM 4 
21 22 PROBLEM 5 

 
 Analysis of variance 

The results were analyzed using ANOVA to test 
our hypothesis. 
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Tab. 18. ANOVA results for comparison of algorithms. 
Source  Df Sum of squares Mean square F P-value 
CS  5 4.9107  0.9821  50.01  0.000 
MID  2 0.4628  0.2314  19.66  0.000 
HA  2 0.6243  0.3121  27.61  0.000 
S  2 0.0205  0.0102  0.38  0.688 
 
Therefore, it can be said that there are two 
significant differences between the algorithms in 
CS, MID and HA criteria with P-value = 0.000. 
But the diversification of solutions by the two 
algorithms is almost the same, so there is no 

significant difference in metric S. As shown in 
Figure 19, the SPGA-II confidence intervals in 
the CS, MID and HA criteria are not covered by 
other intervals. 

 

 
Fig. 19. The 95% confidence intervals for results. 

 
6. Conclusions 

In this paper, designing and transportation 
planning in a multi-stage supply chain network is 
examined. We formulate the problem as a mixed 
integer nonlinear programming model (MINLP) 
to minimize the total costs of transportation. To 
achieve the desired result, we examined the 
problem at two levels. "Normal" and "Resilient" 
mode; and we applied the results at each level to 
the next level. In normal mode assuming all the 
factories are healthy and in service, the vehicles 
for transporting products and the amount of 
product to be carried to customers are 
determined. Then the vehicles for transporting 
products and amount of returned product to be 
carried from customers to the recycling center in 
the reverse network are determined. When the 
failure happens for some members, for 
sustainability of the Production network 
resilience scenario is applied. In this method 
customer demand is met by one of 3 resilience 
scenarios, the paper presents a method that can 
ensure the sustainability of supply demand in the 
production network. This method can be effective 
for companies with common interests and 
cooperation agreements. With a resilience 
method, by accepting its related costs in the 
supply network, the consequence of stochastic 
failure and producer's downtime has been 
managed. With this method, sustainability in 
supply demand and resilience of the production 

network has been considered. Also, in order to 
benefit from the real results of the case study, we 
examined the supply chain of sulfur products, 
including (refinery, acid manufacturing plant, and 
fertilizer factory). The problem is NP-hard, so in 
order to solve the problems, several scenarios 
were implemented in GAMS and Matlab 
software, the best feasible solution was given for 
comparison. Therefore the proposed algorithm 
found the solution near the objective bound of the 
problem in a reasonable time span. In different 
scenarios, the changes in total costs with the 
increase in the number of factories stopped were 
shown. An alternative refinery was also 
determined to meet the demand and quantity of 
shipment via load sharing capacity.  For 
validation of our algorithm, several problems 
were generated and different metrics were used to 
compare the SPGA-II algorithm with NSGA-II. 
The results show that SPGA-II is superior to 
NSGA-II in CS, MID and HA metrics of the 
solutions. Therefore the SPGA-II had better 
convergence and density than NSGA-II. For 
future research, other objectives can be used in 
this logistic network. Metaheuristic algorithms 
can be developed to solve the problem and then 
the algorithms can be compared from 
convergence to the optimal solution. In the 
second phase, other neighborhood search 
algorithms can be applied. 
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