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Today, resilience and sustainability are important issues in supply
chain network design. Supply chain sustainability leads to competitive
advantages and better efficiency of organizations. On the other hand,
disruptions in the supply chain lead to high costs that are not
recoverable in some situations. Designing a resilient supply chain is a
good idea to protect against these disruptions. In this paper, a resilient
supply chain location-allocation problem is modeled as a two-objective
problem. The first objective is to minimize the cost and maximize the
quality of products and consumed raw materials. The proposed supply
chain includes suppliers, manufacturers, distributors, retailers, and
customers. Disruptions in suppliers, manufacturers, and distributors are
considered and mitigation strategies are included to manage
disruptions for them. Improving and repairing strategy, consolidating
strategy, and directly connecting centers strategy are disruption
reduction strategies in this new model. In this model, the best suppliers
are selected based on the quality of raw materials, resilience, and cost.
Demand is considered as a trapezoidal fuzzy number. Finally,
sensitivity analysis is performed on some parameters.
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Introduction

Today, resilience and sustainability are important issues in supply chain network design. Supply
chain sustainability leads to competitive advantages and better efficiency of organizations. On
the other hand, disruptions in the supply chain lead to high costs that are not recoverable in
some situations. Designing a resilient supply chain is a good idea to protect against these
disruptions.

In this paper, locating manufacturers, distributors, and retailers, and selecting suppliers in the
supply chain are considered simultaneously, that issues such as capacity constraints, the
possibility of suppliers disruption, manufacturers disruption, and distributors disruption, also the
resilince have been addressed.

It is very important that the new proposed location allocation model suggests the best
supplier based on the quality of raw materials, their resilience and costs. So the best of our
knowledge is to consider supplier selection, location of manufacturers, distributors, retailers, and
allocation of supply chain centers and resilience simultaneously that demand is considered
uncertain.

Research innovations includes:

selection of resilient suppliers based on their raw material quality.

Simultaneous modeling of multiple disruption reduction strategies in a multi-level network

Considering supplier selection in the resilient location-allocation model

Considering demand uncertainty with a fuzzy programming in a two-objective model

The proposed model

A two-objective reliable location-allocation supply chain is formulated, which is multi-product,
five-level. The network consists of suppliers, manufacturers, distributors, retailers, and
customers. The first objective function minimizes the total cost, the second objective function
maximizes the quality of raw materials and products. In this way, the quality parameter of each
raw material in each supplier and the quality parameter of each product in each factory are
considered, which are multiplied by the amount of raw material from that supplier and the
amount of product produced by that factory, respectively, which ultimately yields the quality
level. Demand in the presented model is considered as a trapezoidal fuzzy number. A new
nonlinear location-allocation model with resilience under possible disruption conditions is
proposed. Every supplier and manufacturer has a penalty cost, recovery cost, and recovery time
to be fully usable after a disruption. Disrupted suppliers or manufacturers must pay a penalty fee
during their recovery time to be served immediately. It is noticeable that manufacturers who use
reinforcement when building a factory will not be disrupted. For distributors who experience
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disruption, products are shipped directly from the manufacturer to retailers, which incurs a

higher cost.

Results and Discussion

The proposed new model is evaluated using a numerical example. GAMS software is used to
solve the model. The new proposed model was converted to single-objective and solved using

two methods: weighted sum and LP-metric, the results are shown in table (1).

o ] The L-P metric method weighted sum method
Objective function
P=1 W1=0.6, W2=0.4
First Objective 241185400 241185400
second Objective 7618601.565 7618601.565
Integrated objective 0.997 1.092

Table (2) shows the two cases of occurrence of a disruption in the distributor and no disruption

in the distributor, according to the possible disruption values of the supplier and producer.

L Possibility of disruption in supplier and manufacturers
Objective .
) P(s) = uniform(0.2, 0.3) ,
function )
p(m) = uniform(0.1, 0.25)
Disruption in the distributer P(d) ) o o
- No disruption in the distributer P(d) =0
cost 932389100 241178300
quality 7618601.565 7618601.565

Further investigation of the model, sensitivity analysis on demand parameters, transportation
cost and distance parameter from the manufacturer to the retailer has been performed.
According to the values obtained in Table (3), for two objective functions, as demand increases,

the value of the first objective function (cost) increases, which is very logical.

Percentage of parameter Objective functions
changes cost quality
-0.2 192861900 6094881.252
-0.1 217075600 6856742.408
0 241077400 7618601.565
+0.1 265185200 8380461.721
+0.2 289292900 9142321.878
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Conclusion

Many supply chains today face unexpected issues and disruptions throughout the chain.
Therefore, identifying and predicting disruptions and considering resilience strategies can
greatly help to have better chain efficiency and performance.

In this paper, a bi-objective uncertain resilient supply chain is modeled. The supply chain
includes suppliers, manufacturers, distributors, retailers, and customers. The problem addresses
decisions related to location, allocation, and resilience simultaneously. These decisions must be
coordinated that making them simultaneously will greatly assist managers in making better
decisions. Because there may be some restrictions in one part that are not taken into account in
other parts.

Disruptions in suppliers, manufacturers, and distributors are considered. For suppliers, the
repair resilience strategy is used, taking into account the recovery time and recovery cost. For
manufacturers, the repair resilience strategy is used, taking into account the recovery time and
recovery cost and reinforcement. For distributors, direct contact between the manufacturer and
the retailer was also used as a resilience strategy. In the proposed model, the best supplier is
selected based on the resilience, cost and quality of raw materials. Sensitivity analysis on
transportation cost and demand parameters showed that the first objective function was more
sensitive to these parameters.

For further studies, robust optimization can be used to address model uncertainty, also used
other reduction strategies for the model. Solving the model in large dimensions using Benders
methods and Lagrange algorithm or meta-heuristic methods are other ideas that can be used in
future research.
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