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Abstract 

Recognizing the inevitability of large scale disruptions, managers in supply chains have 

shifted their focus in decision making from prevention and protection to resilience.  

Resilience is the ability of a supply chain to withstand, adapt to and recover from a disruption 

to a desired performance level. With the rise in global interconnectivity supply chain 

networks have become highly dependent on suppliers located in various offshore locations. 

The interdependency of these networks has made them prone to disruptive events depending 

on their location. Disruptions are caused by events like malevolent attacks, natural disasters, 

production failures etc. One such event could hamper the functioning of supply chains; 

hence it is important for suppliers to have contingency plans to return the network to desired 

level of performance. The resilience capacity of the suppliers can be improved from three 

dimensions: absorptive capacity (their ability to pre-position inventory), adaptive capacity 

(their ability to subcontract proportionate goods to another party) and restorative capacity 

(their ability to recover lost capacity). This work addresses resilient supplier selection by 

improving the absorptive capacity of the suppliers. This problem has been modeled as a 

supplier selection decision framework that implements a multi objective optimization 

framework which includes traditional supplier selection objectives like cost, lead time and 

added objectives related to the absorptive capacity. This work demonstrates the use of the 

framework through an illustrative example of a supply chain network under various scenarios 

of disruption. These scenarios help to understand how the resilience of the network 

improves with added absorptive capacity.



1 

 

1. Introduction and Motivation 

In this highly interconnected world, managers of supply chains have shifted their focus from 

prevention and protection from large scale disruptions to resilience. Resilience of a network 

is defined as its ability to withstand and recover from a disruptive event.  A supply chain can 

be usually seen as a network with interaction between organizations like suppliers, retailers, 

manufacturers which are dependent on each other for operation. With rise of global 

interconnectivity modern supply chains have become increasingly dependent on outsourcing 

of goods and services. This is attributed to the lower production costs, increased quality and 

increased overall operational efficiency of the network. The interconnectivity of the network 

has made them vulnerable to disruptions rising from events like natural disasters, malevolent 

attacks, social unrests etc. depending the location of the network.  

              One such case is the 2011 earthquake in Japan which had many supply chain 

managers juggling with production and shipment planning to keep the supply chain networks 

flowing. This disaster had a General Motors plant in Louisiana to shut down its operations 

temporarily due to lack of Japanese made parts. Other examples which led to large scale 

disruptions of international supply chain networks include the 2011 volcanic eruption in 

Iceland which spewed ash all over Europe and grounded air travel. Car makers like BMW 

and Nissan had announced suspension of production in respective manufacturing units all 

over Europe due to unavailability of certain parts. 

              One of the most important problems faced by managers in manufacturing and 

consumer goods supply chains is supplier selection problem. The problem involves 

identifying and prioritizing the best suppliers from a set of available suppliers. It is generally 
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a multi criteria decision making problem which is dependent on factors like operational costs, 

delivery lead time and quality.  Resilient supplier selection is process of improving the 

supplier selection problem by making it resilient to disruptions. There is abundant literature 

regarding the importance of supplier selection, but resilient supplier selection is a sparsely 

explored area in the literature. This work intends to identify resilience as a crucial factor in 

supplier selection process.  

               The redundancy caused due to a disruption can be decreased from three 

dimensions: absorptive capacity (pre-positioning inventory), adaptive capacity 

(subcontracting proportional goods to other suppliers) and restorative capacity (recover lost 

capacity in a timely manner). In this study, we will focus on increasing resilience of the 

network using absorptive capacity. A supplier selection decision framework has been 

developed that includes a multi objective optimization framework considering the typical 

supplier selection objectives along with new resilience driven objectives.  

               The objective of this research is to improve supplier selection decision and the 

impact of considering supplier resilience as an objective in the framework. Precisely, we have 

developed and applied a multi-objective optimization framework which includes formulation 

with traditional supplier selection objectives, a specific metric for supplier resilience and a 

solution algorithm that addresses a self-assumed data for an imaginary supply chain network. 

                The remainder of this work will be structured in the following order:  

Section 2 includes the relevant literature review of the concepts used to solve the resilient 

supplier selection problem.  

Section 3 includes the proposed methodology and the mathematical model applied to the 

problem.  
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Section 4 includes the definitions and assumptions used throughout the work. Section 5 

includes the model formulations and development of the mathematical model.  

Section 6 illustrates the application of the developed model on a data and includes the 

analysis of the results. 

Section 7 includes the concluding remarks and scope for future work in this research. 
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2. Literature Review 

This section includes the concepts critical to develop the methodology used to solve the 

above discussed problem. 

              Over the past decade the risk management has been identified as an important topic 

by both practitioners and researchers (Shi-Cho, 2008).  According to (Aissaoui, Haouari, & 

Hassini, 2007) there are six critical decisions to be made when it comes to purchasing: ‘make 

or buy’, supplier selection, contract negotiation, design collaboration, procurement and 

sourcing analysis. Supplier selection, among these has been extensively studied. Once the 

organization has decided to outsource a part or raw material it needs to look at various criteria 

like cost, lead time, quality, reliability etc. Subsequently, the firm must decide which vendors 

to select and how much to order from each of the selected vendors. (Weber & Current, 1993) 

identify this process as supplier selection problem. (Christopher & Peck, 2004) identified 

many unavoidable principles that underpin resilience in supply chains. Berger et al (2004) 

assumed two types of catastrophes: “super-events” which affect multiple suppliers and 

“unique events” which disrupt a single supplier. It considered the monetary loss caused by 

the disruptions and solved the problem using a decision support system to decide on optimal 

number of suppliers by minimizing the expected cost function. (Wu, Blackhurst, & O’grady, 

2007) developed a model to resolve the debate between single sourcing and dual sourcing 

when demand is price sensitive and the market scale increases due to a supply chain 

disruption. The work concluded that both strategies are equally effective depending on the 

magnitude of the disruption probability. Xiao and Yu (2006) studied the effect of supply 

disruptions on retailers in a supply chain. They used two strategies for the retailers, 

maximizing profit and maximizing revenue. (Blackhurst *, Craighead, Elkins, & Handfield, 
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2005) conducted an empirical study of different industries to depict the way supply chain 

disruptions is identified a mitigated in practical problems. (Ho, Xu, & Dey, 2010) surveyed 

the literature of the multi-criteria decision-making approaches for supplier evaluation and 

selection based on 78 international journal articles gathered from 2000 to 2008. They 

concluded that price or cost were the most widely adopted criterion along with quality of the 

supplied products followed by delivery and so on.  

                  Various mathematical models have been used for the supplier selection problem, 

such as linear programming, mixed-integer programming and multi-objective programming. 

(Amid, Ghodsypour, & O’Brien, 2011) proposed an integration of an analytical hierarchy 

process and applied linear programming to model the problem. They integrated both 

quantitative and qualitative factors in the model to prioritize the suppliers and allocate the 

order quantities.  (Ng, 2008) developed a weighted linear program for the multi-criteria 

supplier selection problem with goal to maximize the supplier score. (Hammami, Temponi, 

& Frein, 2014) developed a mixed integer programming model for the problem that 

considered inventory decisions, inventory capacity constraints, specific delivery frequency 

and transportation capacity applied to multiple products and multiple time period.  

           As the supplier selection problems lead to multi-objective optimization formulation, 

several researchers began to adopt multi-objective programming. (Narasimhan, Talluri, & 

Mahapatra, 2006) developed a multi-objective model to prioritize the optimal suppliers and 

determine the optimal order quantity. The objectives included: minimizing cost, transaction 

complexity, maximizing quality and delivery performance. (Xia & Wu, 2007) proposed and 

multi objective mathematical model to minimize the total purchasing cost, reduce the 

tardiness and maximize the total weighted quantity of purchasing. The model also studied 



6 

the integration of price discounts on total business volume and determined the number of 

suppliers to select and allocate order quantity in case of multiple sourcing, multiple products 

with multiple criteria and with capacity constraints.(Noorul Haq & Kannan, 2006) applied a 

multi criteria method to the supplier selection problem, and solved it using AHP and goal 

programming. (Agrell, Lindroth, & Norrman, 2004) analyzed a two-period game concerned 

with information sharing in the context of an investment problem in the telecom industry, 

which also included supplier selection.  

                    There are instances in the literature where supplier selection is closely related to 

inventory analysis but (Hammami et al., 2014) proposed that only a few models incorporate 

inventory related management issues in supplier selection. (Noorul Haq & Kannan, 2006) 

integrated supplier selection model with multi-echelon distribution inventory model.  
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3. Methodological Background 

This section gives a background on how resilience is quantified and describes the structure 

of the resilient supplier selection problem. 

3.1. Resilience Strategies  

Biringer et al (2013) suggested that resilience capacity with three categories that each 

represent temporal attributes before, during and after a disruptive event: absorptive capacity, 

adaptive capacity and restorative capacity. A resilient supplier is defined as the one with 

characteristics of all the three capacities.  

 

3.2. Resilience Quantification 

A network is usually expected to function at a desired level of performance, this state is called 

the stable state of the network. In this study, the supply chain network is said to be at stable 

state when the selected suppliers are delivering the goods within the promised lead time. At 

the time of disruption, the network tends to undergo changes leading to lowered level of 

performance. The network thus goes into a disrupted state and exists there until recovery. 

              For this problem, resilience has been considered as the performance of a supply 

chain network before and after a disruptive event. In this framework two phases of the 

network’s performance have been considered: vulnerability and recoverability. Vulnerability 

of a network is defined as to how liable or harmed a network can be to a disruptive event 

(Jonsson, 2008) and recoverability is the ability of a network to quickly restore its desired 

level of performance.(Pant, Barker, Ramirez-Marquez, & Rocco, 2014) have defined network 

resilience graphically as shown in Figure 1. 
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Figure 1: Graphical representation of network performance as a function of time 

System performance can be represented as a function of time 𝜑(𝑡), to mathematically 

quantify resilience. Network resilience, Я, is the ratio of time-dependent recovery to loss (i.e. 

Я(t) =
𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦(𝑡)

𝐿𝑜𝑠𝑠(𝑡)
 ) (Henry and Ramirez-Marquez, et al, 2012). Equation 1 elaborately 

describes the above relationship. 

Яφ(𝑡|𝑒𝑗) =
𝜑(𝑡|𝑒𝑗) − 𝜑(𝑡𝑑|𝑒𝑗)

𝜑(𝑡0) − 𝜑(𝑡𝑑|𝑒𝑗)
,     ∀ 𝑡 𝜖(𝑡𝑠, 𝑡𝑓) 

(1) 

 

 

𝜑(𝑡|𝑒𝑗) is the system performance at time 𝑡 following disruptive event 𝑒𝑗 , 𝜑(𝑡𝑑|𝑒𝑗) is the 

system performance immediately following a disruption, and 𝜑(𝑡0) is the system 

performance prior to a disruption. Яφ(𝑡|𝑒𝑗) may range between 0 and 1, where 1 means the 

system is fully resilient. 
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4. Problem Definition and Assumptions 

Firstly, the supply chain network is modeled as a multi-objective optimization problem. The 

procurement decisions to be made by a single decision maker which leads to centralized 

contact. The procurement decision is to be made for a single product from a set of potential 

suppliers for a constant demand at the customer end. Figure 2 depicts the supply chain 

system, where the product flows sequentially from the supplier to the retailer through to 

satisfy the customer demand. The set of suppliers have been assumed to have a similar 

customer satisfaction level with regards to quality. The customer satisfaction level includes 

factors like delivery assurance, maintenance, service etc. 

                The decision to procure the products will depend on the cost of the product, fixed 

ordering cost, lead time of delivery and the inventory cost. The suppliers have been assumed 

to hold inventories at various warehouses. The location of these warehouses is pre-

determined and each of them have unique holding costs and delivery lead time. Products are 

supplied to the retailers from the set of suppliers and each supplier has a fixed capacity which 

is constant. During the time of disruptions, the supplier use the inventory held in the pre-

determined warehouses to meet the unsatisfied demand.   
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Figure 2: Schematic representation of the supply chain network 

                      For the retailers, orders are satisfied as the customer demand becomes non-

zero. This model determines the order replenishment policy at the supplier, but the inventory 

process at the warehouses is not considered in this model. It is assumed that the warehouses 

hold a fixed number of items for a period and replenishment of this is not to be considered 

in this network. The decision maker should fulfill the order quantity at the retailer by 
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performing selection process to determine which supplier must be selected and how to regain 

the unfulfilled capacity at the suppliers through the warehouses in case of disruptions. 

                    Next the mathematical model is defined where the objective of the following 

model is to coordinate the procurement decision for a stable state supply chain network by 

analyzing factors like cost, lead time and make purchase decisions for the same network 

under disruption. The impact of replenishing orders from pre-positioned inventories during 

disruption will then be quantified as the resilience of the network.  

 

4.1. Network Performance 

In this case the network performance 𝜑(𝑡0) or the performance of the supply chain is 

measured as the ratio of the operation cost of the network and the total lead time to fulfill 

100% demand. This acts as the metric to compare the performance of the supply chain 

during disruption, before and after the absorptive capacity is added to the network.  
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Before the mathematical model is introduced, the notations used throughout the work have 

been described: 

 

Sr.No. Notations Description Units 

Constants 

1 𝑖 Suppliers  

2 𝐷 Demand at the retailer /day 

3 𝑁 Total no. of suppliers  

4 𝑃𝑖 Cost of acquiring one unit of product from 

supplier, 𝒾 

$ 

5 𝐹𝑖 Fixed cost of ordering at supplier,𝒾 $ 

6 𝐶𝑖 Capacity/ Maximum order quantity at 

supplier,𝒾 

 

7 𝑙𝒾 Lead time to procure product from supplier 𝒾  

Decision Variables 

7 𝑥𝑖 No. of units of product procured from supplier, 

𝒾 

 

8 𝑍𝑖 Binary variable indicating whether a supplier is 

selected or not 

 

Table 1: Description of notations related to the suppliers 
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Sr.No. Notations Description Units 

Constants 

1 𝑗 Warehouse  

2 𝑇𝑖𝑗 Cost of transporting one unit of 

product from warehouse 𝒿 to supplier 𝒾 

$ 

3 𝑀 Total no. of warehouses  

4 ℎ𝑗  Cost of holding one unit of product at 

warehouse, 𝒿 

$ 

5 𝐿 𝑖 𝑗 Replenishment lead time from 

warehouse 𝒿 to supplier 𝒾 

 

6 𝑄𝑗 Capacity/ quantity of product held at 

warehouse, 𝒿 

 

Decision Variables 

7 𝑦𝑖𝑗 No. of units of product procured from 

warehouse, 𝒿 

 

8 𝑣𝑗  Binary variable indicating whether a 

warehouse is selected or not 

 

Table 2: Description of notations related to the warehouse selection 
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4.2. Disruption Scenario 

Interdependent networks are affected by several types of disruptions. According to Wang et 

al. (2013) these disruptions can be divided into 3 categories: Malevolent attacks, random 

failures and spatial failures. Malevolent attacks targeted attacks on industries and 

infrastructures by act of terrorism leading to disruption in a countries economy. Random 

failures include man-made failures, a failure due to malfunctioning network component, etc. 

All disruptions occurring due to natural disasters like earthquakes, hurricanes etc. affecting a 

facility depending on the location are categorized as spatial disruptions scenario. 

(Almoghathawi et al., 2016).  

In this work the network performance of the supply chain is assumed to be reduced due to 

occurrence of a random failure. The retailer dependent on the products to be supplied from 

a supplier is unable to receive the order within proposed lead time due to the disruption.  
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5. Model Formulation 

In this section, the model for Multi-sourcing resilient supplier selection under operational 

disruption is presented. Let, 𝓍𝒾 be the calculated order quantity from supplier 𝒾 and 𝒵𝒾 ∈

0, 1 be the binary variable, where a value of 1 means supplier  𝒾 is selected. Separate set of 

suppliers may be selected when demand at the retailer changes. The model is based on time 

span 𝑇 = 1 𝑑𝑎𝑦, which means that values of calculated variables is to fulfill the retailers daily 

demand. Similarly, at the time of disruption let, 𝓎𝒾𝒿 be the calculated order replenishment 

quantity from warehouse 𝒿 and 𝓋𝒿 ∈ 0, 1 be the binary variable, where a value of 1 means 

warehouse  𝒿 is selected. No order splitting between the remaining suppliers is considered 

every time a supplier is unable to supply products due to a disruption and order is placed at 

the warehouse.  

Firstly, a supplier selection model for stable state or non-disrupted state will be presented 

which results in a multi objective optimization problem with two minimization objectives. 

The constraints for this model are demand at the retailer, number of available suppliers and 

capacity at each supplier. Then a case of disruption is assumed due to which a random 

supplier is unable to deliver the order within its promised lead time. The performance of the 

supply chain is measured first during the stable state and then after the disruption.   

Then the optimization model is again implemented on the supply chain network with 

absorptive capacity or pre-positioned inventories at warehouses in pre-determined locations. 

The performance of the supply chain is measured again during stable state then after the 

disruption. 
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Mathematical Model: 

𝑚𝑖𝑛 ∑ 𝑃𝑖𝑥𝑖

𝑛

𝑖=1

+ ∑ 𝐹𝑖𝑍𝑖

𝑛

𝑖=1

             (2) 

𝑚𝑖𝑛 ∑ ℓ𝑖𝑥𝑖

𝑛

𝑖=1

                                  (3) 

𝑠𝑢𝑐ℎ 𝑡ℎ𝑎𝑡, 

∑ 𝑥𝑖 = 𝐷

𝑛

𝑖=1

,     ∀ 𝑖                                    (4)   

∑ 𝑍𝑖 ≤ 𝑁

𝑛

𝑖=1

,     ∀ 𝑖                                    (5) 

∑ 𝑥𝑖 ≤ 𝐶𝑖𝑍𝑖

𝑛

𝑖=1

,     ∀ 𝑖                                   (6)   

𝑥𝑖  ≥ 0,     ∀ 𝑖                                               (7)   

𝑍𝑖  ∈ {0,1},     ∀ 𝑖                                         (8)   

  Equation (2) is the objective function representing the operational cost of the network and 

(3) is the lead time. The objectives are to be minimized simultaneously. The rest of the 

equations are the constraints which are related to the network.  

Constraint (4) is the demand constraint which makes sure that the daily demand at the retailer 

is fulfilled. Constraint (5) relates to number of suppliers to be chosen from while (6) is 

capacity constraint which specifies the capacity of each of the suppliers. Constraint (7) is the 
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non-negativity constraint for variable.  Constraint (8) specifies that the variable 𝑍𝑖 which 

denotes if a supplier is selected or not is binary.   

The above optimization model results in supply chain network with a set of suppliers’ 

delivering the product to the retailer according to the daily demand rate.  

5.1. Resilience Quantification  

The performance 𝜑(𝑡0) of this network is calculated at stable state as well as disrupted 

state 𝜑(𝑡𝑑|𝑒𝑗) following which the Resilience of the network is calculated using equation 

(1). 

Next, the optimization model is applied to the network with an added absorptive capacity or 

pre-prepositioned inventory at pre-determined warehouses in various locations. 

5.2. Mathematical Model 

𝑚𝑖𝑛 ∑ 𝑃𝑖𝑥𝑖

𝑛

𝑖=1

+ ∑ 𝐹𝑖𝑍𝑖

𝑛

𝑖=1

             (9) 

𝑚𝑖𝑛 ∑ ℓ𝑖𝑥𝑖

𝑛

𝑖=1

                                  (10) 

𝑚𝑖𝑛 ∑.

𝑛

𝑗=1

∑ 𝑇𝑗𝑦𝑖𝑗

𝑛

𝑖=1

+ ∑ ℎ𝑗𝑣𝑗

𝑛

𝑗=1

     (11) 

𝑚𝑖𝑛 ∑.

𝑛

𝑗=1

∑ 𝐿𝑗𝑦𝑖𝑗

𝑛

𝑖=1

                         (12) 
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𝑠𝑢𝑐ℎ 𝑡ℎ𝑎𝑡, 

∑.

𝑛

𝑗=1

∑ 𝑥𝑖 + 𝑦𝑖𝑗 = 𝐷

𝑛

𝑖=1

,     ∀ 𝑖, 𝑗                   (13)   

∑ 𝑍𝑖 ≤ 𝑁

𝑛

𝑖=1

,     ∀ 𝑖                                    (14) 

∑ 𝑥𝑖 ≤ 𝐶𝑖𝑍𝑖

𝑛

𝑖=1

,     ∀ 𝑖                                   (15)   

∑ 𝑣𝑗 ≤ 𝑀

𝑛

𝑗=1

,     ∀ 𝑗                                   (16) 

∑ 𝑦𝑖𝑗 ≤ 𝑄𝑗𝑣𝑗

𝑛

𝑗=1

,     ∀𝑖, 𝑗                              (17)   

𝑥𝑖  ≥ 0,     ∀ 𝑖                                               (18)   

𝑍𝑖  ∈ {0,1},     ∀ 𝑖                                         (19)   

𝑦𝑖𝑗  ≥ 0,     ∀ 𝑖, 𝑗                                            (20)   

𝑣𝑗  ∈ {0,1},     ∀ 𝑗                                         (21)   

The above multi objective optimization model incorporates the previous supplier selection 

model for a supply chain network along with the newly added warehousing capacity of the 

suppliers. Equations (9), (10), (14), (15), (18) and (19) have already been discussed earlier in 

this section. Newly added constraints pertain to the absorptive capacity or the warehousing 

capacity of the network. Equation (11) is objective function containing the operation cost of 

the warehouse while (12) is lead time objective function. Both the objective functions are to 
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be minimized simultaneously. Constraint (13) is the combined demand constraint to make 

sure the daily demand at retailer is satisfied. Constraint (16) specifies the total number of 

available warehouse locations. Constraint (17) relates to capacity of the warehouse. 

Constraint (20) non-negativity constraint for the decision variable while (21) specifies that 

the variable 𝑣𝑗  can take only binary values.  

5.3. Solution Procedure  

Weighted Sum Method (WSM) is a widely used classical method to solve multi objective 

optimization problems. This method scalarizes the set of objectives into a single objective 

by multiplying each objective with a user specified weight. In this case the weights are 

assumed to be decided by the decision maker making the procurement decisions. 

A typical solution to a multi objective optimization model using WSM looks like: 

(Narzisi,2008) 

min                 𝐹(𝑥) =  ∑ 𝑤𝑚𝑓𝑚(𝑥)
𝑀

𝑚=1
 

𝑠𝑢𝑐ℎ 𝑡ℎ𝑎𝑡 𝑔(𝑥) = [𝑔1(𝑥), 𝑔2(𝑥), … … , 𝑔𝑛(𝑥) ≥ 0 

                   ℎ(𝑥) = [ℎ1(𝑥), ℎ2(𝑥), … … , ℎ𝑛(𝑥) = 0 

where 𝑤𝑚 ∈ [0,1] is the weight of the m-th objective function decided by the decision-

maker. In practice, it is usual to choose weights such that ∑ 𝑤𝑚 = 1𝑀
𝑚=1 . 

The model generated above is a bi-objective optimization model with two minimization 

objectives (operational cost and lead time). It can be inferred from a theorem stated by 

Miettinen in the book Non-Linear Multi Objective Optimization that ‘the solution to the 

problem using WSM is pareto-optimal if the weights assigned to objectives are positive. Also, 
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if 𝑋∗ is a Pareto-optimal solution of a convex multi-objective optimization problem, then, 

there exists a non-zero positive weight vector 𝑊such that 𝑋∗ is a solution of problem 

(Miettinen, 1998).   

The weights correspond to the importance given to each objective as decided by the decision 

maker. The objective of the problem is to increase the resilience of the network which is 

defined in this case to be directly proportional to the replenishment lead time of the product. 

Hence, the decision maker is bound to assign a higher weight for the lead time objective 

when compared to the cost objective. 

5.4. Resilience Quantification  

The performance 𝜑(𝑡0) of the network described above is calculated by quantifying impact 

of every dollar spent on the lead time of the operation. The performance of the network is 

then measured at stable state and then at the disrupted state 𝜑(𝑡𝑑|𝑒𝑗). The ratio of these 

performance values can then be used to calculate the final resilience of the network using 

equation (1).  
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6. Illustrative Example 

In this section, a data related to a supply chain network is randomly generated and has been 

applied to the above discussed model. The model is simulated and solved using MS-Excel, 

on a personal computer with an intel core i7 CPU and 12 GB RAM. The purpose of 

illustrating this model with an example is to apply the model on a real-time data and prove 

its usability and effectiveness and to demonstrate its adaptability of the model for various 

scenarios.  

6.1. Parameter Setting 

The supply chain network is assumed to be simulated for a period of 𝑇 = 1 𝑑𝑎𝑦, demand 

rate is assumed as mentioned in the model formulation to be constant. The decision maker 

is the procurement manager of a retail company with requirement for a product. There are 

𝑁 = 4 potential suppliers to choose from which are assumed to be locates in various parts 

of the world.   

The demand rate is set to be D = 900 units per day. All the other variables related to the 

suppliers and warehouse are summarized in the following tables. 

 

Supplier Candidate (𝑖) 1 2 3 4 

Cost per Item , 𝑃𝑖 83 82 85 84 

Lead Time, 𝑙𝑖 8 7 4 3 

Fixed Ordering Cost, 𝐹𝑖 1200 800 500 1150 

Capacity, 𝐶𝑖 340 500 450 350 

Table 3: Parameter setting related to potential suppliers 
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Next the mathematical model is applied to the network under disruption it is assumed that 

supplier 3 and 4 are unable to deliver the products due to occurrence of a disruptive event.  

Warehouse Candidate (𝑗) 1 2 3 4 

Transportation Cost , 𝑇𝑖𝑗 100 120 115 140 

Holding Cost, , ℎ𝑗  5 4 3 2 

Replenishment Time, 𝐿𝑖𝑗 2 4 3 6 

Capacity, 𝑄𝑗 120 150 110 200 

Table 4: Parameter setting related to warehouse locations of supplier 3 

Warehouse Candidate (𝑗) 1 2 3 4 

Transportation Cost , 𝑇𝑖𝑗 110 115 120 140 

Holding Cost, , ℎ𝑗  4 3 2 3 

Replenishment Time, 𝐿𝑖𝑗 2 3 3 4 

Capacity, 𝑄𝑗 120 150 110 200 

Table 5: Parameter setting related to warehouse locations of supplier 4 

Each of the potential suppliers have warehouses located at  𝑀 = 4 locations. It is assumed 

that all the suppliers and warehouses satisfy the retailers quality criteria. 

6.2. Results analysis 

In this section, the mathematical model is tested on the data assumed above. A unique 

disruption scenario is assumed. 

                     The final selection decision and network performance analysis before and after 

the added absorptive capacity is displayed in table below, these values correspond to the 

parameters set in the above section. The algorithm, WSM initially gives a set of pareto 

solutions for the bi-objective optimization problem. As the weights of the objective function 

is varied the model results in different solutions. Using the theorem mentioned in section 

5, weights 𝑊1 = 0.8 and 𝑊2 = 0.2 are chosen to obtain a solution to the problem. 
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It is seen that under such settings, supplier 2, 3 and 4 are chosen to fulfill the demand at the 

retailer at stable state. The model developed above does not calculate the exact quantity to 

be ordered from the selected suppliers rather it focuses on priority to select the suppliers for 

a given demand value. 

The supply chain network is then analyzed under two scenarios: 

1. Non-disrupted/ stable state: This is the state at which the network is originally 

modeled to be functioning.  

2. Disrupted State: This is the state at which network is under operational interruption, 

in this state the retailer is unable to meet the daily demand due to an unexpected 

event.  

Scenario 1: Supply chain network without absorptive capacity in non-disrupted state:  

 

 

Table 6: Decision variables for Scenario 1 

 

 Scenario 1 

Total operational cost ($) 77700 

Total lead time (mins) 4750 

Network performance 16.36 

Table 7: Network performance for Scenario 1 

Supplier Candidate (𝒊) 2 3 4 

Order Quantity  400 450 50 
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Figure3: Depiction of network performance without absorptive capacity in scenario 1 

Scenario 2: Supply chain network without absorptive capacity in disrupted state: 

Due to a disruption, the suppliers 3 and 4 are unable to deliver the calculated number of 

products within the initial lead time of 4 and 3 to 15 and 10 respectively. 

The decision variables remain same while the total delivery lead time changes. The 

performance of the network in this Scenario is illustrated in the following table. 

 

 Scenario 2 

Total operational cost ($) 77700 

Total lead time (mins) 10050 

Network performance 7.73 

Table 8: Network performance for Scenario 2 

 

Figure 4: Depiction of network performance without absorptive capacity in scenario 2 
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Resilience Quantification: Using equation (1) resilience of the supply chain network 

without pre-positioned inventory, Я𝛗(𝒕|𝒆𝒋) = 𝟎. 𝟒𝟕𝟐  

Scenario 1: Supply chain network with absorptive capacity in non-disrupted state: 

Table 9: Decision variable for Scenario 1 

 Scenario 3 

Total operational cost ($) 80300 

Total lead time (mins) 4750 

Network performance 15.46 

Table 10: Network performance for Scenario 1 

 

Figure 5: Depiction of network performance with absorptive capacity in scenario 1 

 

 

Supplier/Warehouse 2 3 4 

Order Quantity from supplier  400 450 50 

Warehouse order quantity  0 0 0 
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Scenario 2: Supply chain network with absorptive capacity in disrupted state: 

Table 11: Decision variables for Scenario 2 

 

Table 12: Decision variables for warehouse analysis of supplier 3 in scenario 2 

Table 13: Decision variables for warehouse analysis of supplier 4 in scenario 2 

 Scenario 4 

Total operational cost ($) 159330 

Total lead time (mins) 13380 

Network performance 11.90 

Table 14: Network performance for scenario 2 

 

Figure 6: Depiction of network performance with absorptive capacity in scenario 2  

Supplier 2 3 4 

Order Quantity from supplier   400 0 0 

Warehouse 1 2 3 4 

Order Quantity from warehouse 

j to supplier  𝑖 = 3 120 150 110 

70 

Warehouse 1 2 3 4 

Order Quantity from 

warehouse j to supplier  𝑖 = 4 50 0 0 

0 
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Resilience Quantification: Using equation (1) resilience of the supply chain network with pre-

positioned inventory, Я𝛗(𝒕|𝒆𝒋) = 0.769 

 

 

Figure 7: Graphical representation of network performance 

 

Figure 8: Comparison of resilience of the network 
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7. Conclusions 

Modern supply chain networks are highly dependent on outsourcing products and services 

from all over the world. Technological advancement has led to global interaction between 

companies making them highly dependent on each other for functioning. This 

interdependency has made the supply chains highly vulnerable to large scale disruptions in 

event of global disasters. This work identifies the threats posed by these disruptions on the 

supply chain networks and proposes a contingency plan that could make the companies more 

prepared to restore their performance during such disruptions.  

               This work develops a framework that can be implemented on supply chains 

following a disruptive event to restore the network to a desired level of performance. This 

work addresses the resilient supplier selection problem by implementing various strategies in 

a supplier selection decision framework. The framework develops a multi objective 

optimization model that determines optimal supplier selection under disruptions scenarios.  

7.1. Future work 

The mathematical model developed in this work should be applied to a large scale real-world 

problem to validate its usability in rea scenarios. The disruption scenarios assumed in this 

work would have a stochastic nature in real-world situations. The uncertainty of occurrence 

of disruption will make the problem furthermore interesting. Also, the inventory 

replenishment analysis is not considered in this model which makes it a good opportunity to 

apply various warehousing models like multi echelon inventory analysis to improve the 

performance of the model. The strategy used to improve the resilience of the network in this 

model is limited to absorptive capacity, hence future endeavors in this work may integrate 

the use of adaptive and restorative capacities in the network.  - 
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The limitations of the solution algorithm WSM, used in this model can be found from the 

literature, they include existence of multiple minimum solutions for a specific weight vector 

that represent different solutions in the pareto-optimal front thus increasing the search 

effort. Hence, for large scale problems, application of WSM may not be the most suitable 

method. Other solution algorithms like genetic algorithms (NGSA-2), goal programming can 

be considered during future applications of the work.  
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