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 One of the primary concerns on supply chain management is to handle risk components, 
properly. There are various reasons for having risk in supply chain such as natural disasters, 
unexpected incidents, etc. When a series of facilities are built and deployed, one or a number of 
them could probably fail at any time due to bad weather conditions, labor strikes, economic 
crises, sabotage or terrorist attacks and changes in ownership of the system. The objective of 
risk management is to reduce the effects of different domains to an acceptable level. To 
overcome the risk, we propose a reliable capacitated supply chain network design (RSCND) 
model by considering random disruptions risk in both distribution centers and suppliers. The 
proposed study of this paper considers three objective functions and the implementation is 
verified using some instance.              

         © 2013 Growing Science Ltd.  All rights reserved. 

Keywords: 
Disruption risk  
Reliability 
Supply chain 
Risk management 
Multi-objective 

 

 
 

1. Introduction 
 

During the past decade, there has been growing interests on supply chain risk and supply chain 
disruptions, which happens due to natural disasters such as floods, earthquakes, etc. or intentional or 
unpremeditated human actions such as industrial accidents, terrorist strikes, etc. Risk management is 
a structured approach for managing uncertain events through a sequence of human activities, which 
includes different activities, which consist of risk assessment, strategy development and decrease on 
unnecessary resources. In fact, the primary objective of risk management is to reduce the strokes of 
different risks in a predefined level using appropriate decisions. Risks may refer to numerous types of 
menaces caused by humans, environment, technology, politics and organizations. Some risk 
management strategies concentrate on tackling risks associated with distributions in the network, 
which might be caused by natural disasters or planned operations such as earthquakes, terrorist 
attacks, etc. 
 
Supply chain risk management attempts to reduce supply chain’s vulnerability by identifying and 
analyzing the risk of failure points within the supply chain. There are different strategies for risk 
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management. According to Snyder (2010) there are, at least, five strategies to reduce disruptions. The 
first one is associated with keeping extra inventory to safeguard against possible future disruptions. 
The second one is associated with routine sourcing, where, firms regularly source raw materials from 
more than one supplier. In this strategy, if one supplier is disrupted, the firm is not faced with any 
shortage in raw materials since the other supplier(s) may still be operational. The third strategy is 
called contingent rerouting where similar to routine sourcing where it assumes the firm has multiple 
suppliers and when one supplier is disrupted, the firm switches into non-disrupted suppliers to prevent 
from any disruption. However, there must be sufficient flexibility for having such change. Demand 
substitution is another strategy where one product is out of stock due to a disruption and the firm may 
try to change demand to another available product.  Financial mitigation is another strategy where 
firms may purchase insurance policies to protect themselves against any possible disruptions.  Finally, 
acceptance is the last strategy where the cost of mitigation strategies outweighs the potential 
advantages and the firm may simply choose to accept the risk of disruptions.  
 
Zegordi (2012) states all of the reduce strategies can be categorized into two main types, preventive 
and recovery, where preventive solutions can be categorized as robustness, resiliency, security-based 
and agility strategies. Probability of risks could be reduced with an increase in the reliability of the 
whole system. For this reason, the reliability in network design of the supply chain has been proposed 
and, in the recent years, there has been special care for creating reliable systems. According to Snyder 
(2003), a system is called reliable if, “in the occurrence of failure of a part or parts of the system, it is 
able to perform its duties, effectively”. Since the objective of this paper is to minimize the cost of 
extension, transport and facility placement costs, appropriate and efficient mathematical models are 
considered to increase the system's reliability, simultaneously. Modeling of this class of problems by 
considering probability disruptions in the system must be considered in systems’ performance under 
all possible conditions, both normal and disrupted event (Cui, 2010) and in this paper we concentrate 
on reliable locating of facilities. In addition, in most of these studies, the “reliability issue” is to 
accomplish on the classic of P-Median Problem and Uncapacitated Fixed charge Location Problem; 
for the brevity from now on, they are called UFLP and PMP and reliable locating issues associated 
with them are called RPMP and RUFLP, respectively. 

 

Drezner (1987) examined the facility location under random disruption risks and presented two 
models where in first one, a reliable PMP was examined, which considers a given probability for the 
failure of facilities and the objective was to minimize the expected demand-weighted travel distance. 
The second model called the (p,q)-center problem considers p facilities, which must be located by 
considering a minimax objective cost function where at most q facilities may fail. In both problems, 
customers are chosen from the nearest non-disrupted facility based on a neighborhood search 
heuristic approach in both problems. Lee (2001) proposed an efficient method based on space filling 
curves to solve the RPMP, which is a continuous locating model and the probability of facilities’ 
failure cannot be independent. 

Snyder (2003) investigated the issues of RUFLP and RPMP based on the expected failure and 
maximum failure expenditures. Here, locating facilities were taken into account so that the total 
system’s cost would be minimized under the normal operating conditions. Depending on whether a 
facility fails, the system’s cost after reallocation of customers cannot exceed a predetermined limit of 
(V*). Snyder and Daskin(2006), in another work, implemented the scenario planning technique to 
reformulate their previous problem and introduced the concept of stochastic p-robustness where the 
relative regret was always less than p for any possible scenario. One obvious problem happens when 
the size of the problem increases since the scenario technique considers all disruption scenarios and 
complexity of the resulted problem creates trouble. Berman et al. (2007) presented a PMP, in which 
the objective function was to minimize the demand-weighted transportation cost components. They 
considered site dependent disruption probabilities associated with various DCs. Qi et al.  (2010) 
investigated the SCND under random disruptions with inventory control decisions by assuming that 
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when a retailer is disrupted, any inventory on hand at the retailer is unusable and the resulted 
customers' unmet demands assigned to a retailer are backlogged under a predefined penalty. The 
resulted model was a concave minimization problem and the Lagrangian relaxation algorithm was 
implemented as a solution strategy. Li and Ouyang (2010) investigated the SCND under random 
disruption risks, in which the disruption probabilities were considered as site-dependent and 
correlated, geographically. Lim et al. (2010) proposed the SCND under random disruptions by 
reinforcing selected DCs where disruption probabilities were also site-dependent. They categorized 
DCs into two groups of unreliable and reliable and incorporated the reliable backup DCs assumption 
to formulate their proposed model. Peng et al. (2011) developed a capacitated version of SCND under 
random disruptions with stochastic p-robustness criteria and site dependent disruption probabilities 
using a method originally developed by Snyder and Daskin (2006).  
 

2. The proposed study 

The proposed model of this paper considers a three level supply chain including customers, 
distributors and suppliers where the goal is to minimize costs and maximize reliability. In this model, 
there are potential locations for distributors and these potential locations have different reliabilities. 
Once a disruption occurs in a distribution center, the center loses part of its capacity, it does not fail 
completely and is able to answer part of the customer's needs and the rest of the disrupted DC's 
demand can be supplied by other DCs. Under normal condition with no disruption, it is possible that 
some DCs are deficient (support). To express various states of the disruption, different scenarios are 
considered. Disruptions occurrence in suppliers and distribution centers happen, which follow normal 
distributions with discrete scenarios. These disruptions in each scenario could be different incidents. 
For example, in the first scenario, it is possible for distributors 1 and 3 and supplier 2 to be disrupted; 
this disruption could be an earthquake for the first distributor, a flood for the second distributor and a 
labor strike for the second supplier. 

   
2.1 Assumptions 

 
‐ Demand is uncertain and has normal distribution. 
‐ Demands of customers are independent from each other and, as a result, the covariances 

among retailers with each distributors are zero.  
‐ Current policy is (r, Q). 
‐ The model is considered for one production. 
‐ The model is considered for a limited period of  time. 
‐ The customer does not keep inventory so there is no need to control the inventory for the 

customer. 
‐ Customer has no capacity constraints. 
‐ If customer’s demand is not fulfilled, there will be a shortage. 
‐ A certain number of places have been considered for setting up distribution centers, in which 

the decision on opening or closing the facilities would be performed. 
‐ Unreliability only would be considered in the occurrence of disruption and other factors 

ignored. 
‐ Probability of disruption is different and independent for various facilities’ locations and 

suppliers. 
‐ Suppliers and customers have their own specific places and the DC is just required to be 

located (discrete locating). 
‐ Distribution centers and suppliers have limited capacities. 

 

2.2 Innovation 

‐ Random disruptions in the location, capacity of distribution centers, the location and capacity of 
suppliers have been considered. 
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‐ Due to a disruption, distribution centers would not lose all their capacities and only a fraction of 
their capacities would be impaired.  

‐ Either in disruption or normal condition, in case of shortage, the distribution centers can carry 
goods to each other (support cover).  

‐ Capacity percentage of distribution centers are influenced by disruption and follows a normal 
distribution.  

‐ Every customer can be assigned to multiple distribution centers according to the distance and 
costs to supply its needs.  

‐ Reliability is considered as range. 
‐ Demand is uncertain and follows the normal distribution.  
‐ The proposed model also considers different scenarios. It uses a scenario for entering the 

possibility of disruption and modeling the problem. 
‐ This model uses the chance constraint for entering the random variable.  
‐ Considering the cost variance  

This paper determines location for distribution centers and allocates customers to distribution centers. 
The problem formulation also determines the amount of product sent to customers from distribution 
centers, as well as the amount delivered from suppliers to distribution centers. Finally, we determine 
how to allocate the distribution centers to the suppliers and also we determine the amount of products 
received from any of the suppliers by distribution center.  

Index: 

I = Suppliers                                                  i = 1, 2… n 

J= Set of potential distribution centers         j = 1, 2… n 

j ́ = Set of distribution centers that are disrupted or deficient j ́∈J 

K = Set of customers                                    k = 1, 2 …k 

S = Set of scenarios                                     s = 1, 2…s 

Parameters: 

Dk Demand of the kth customer which is a normal random variable (μ , σ ), 	  Fixed costs for opening and operating DCj, 
P The total number of distribution centers which should be localized, g  Fixed cost per shipment from supplier i to distribution center j, 

 Transportation fixed cost of each supplier i to  , ́  Transportation unit cost from each normal  to each deficient  ( ́ ), 
 Transportation cost from  to k customer, 

 Fixed cost per order from , ℎ  The annual maintenance cost per unit in , 
 Inventory in  under the scenario s, 
 Disruption probability in scenario s,

Capacity of , 
 

The percentage of the total capacity in  that is affected by disruption when it is opened, 
under the scenario s 

 The penalty cost of shortage in  per unit of demand, 
 The amount of shortage in  under scenario s, 
 Reliability for the place of j under scenario s, (0 ≤ ≤ 1), 

 Supplier capacity. 
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 The percent of capacity of supplier i under scenario s that is affected by disruption. 
 

Decision Variables 

 • Continuous variables y  Percentage of product that customer k can allocate to ,    0 1, ́  The amount of goods shipped from normal distribution  Center ( ) to deficient 
distribution center( ́ ) in scenario s, 

 The total annual demand which will be allocated to , 
 The number of orders in , 
 Percentage of   ’s demand which will be sent to supplier i,  0 ≤ Y ≤ 1 
 The amount of goods that supplier i will send to  , V ́  The amount of goods that  will send to ( ́ ) under scenario s due to disruption or 

deficiency. 

Zero – One variable = 1							 	 	 	 						0																 ℎ 			  
Cost 
 
Fixed cost of locating =    x  

Running Inventory Costs 

The cost of ordering =  

Shipping costs from suppliers to DCs = ∑ ( + )  

Maintenance cost = ∑ ℎ 

Disruption costs= ∑ ∑ ∑ ́ ́́∈  

Shipping cost from located DCs to the customers = 	  

Shortage costs = ∑  

Regarding the expected total cost, the first objective function will be as follow: (Bozorgi Atoei et al., 
2012) 

	 	 x 	 + + ( + 	) + ( )ℎ + ́ ́́∈ +
+ 	  

(1)

We believe the expected total cost is not enough for making appropriate decisions. When we 
concentrated only the expected total cost the design scheme may be suboptimal if the total cost 
considerably change but to randomness, for this reason, the variance of  total cost provides a good 
condition for decision makers to make decision according to their preference (Gharegozloo et al., 
2012;  Azeron et al., 2008). To handle this problem, we use an absolute deviation as Yu and Li (2000) 
proposed, which is as follows: 
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( ) s s s s ss
s S s S s S

o p p p    





  

     ,                                      (2) 

where λ is the weight of the less sensitive-solution to data changing in all scenarios. For minimizing 
the Eq. (2), Yu and Li (2000) presented an effective method, which is modeled as follows: 

min 2s s s s s s s
s S s S s S

p p p     
  

 
    

                                                  (3) 

subject to:  

0      s Ss s s s
s S

p  


                                                     (4) 

0                            s SS                                       (5) 
 

If υs is bigger than ∑psυs, θs is equal to 0, otherwise θs=∑psυs- υs. In this here, we use Yu and Li's 
method but as the expected value of costs and their variance are against, we write a two-objective 
model, which separates the two presented terms in Eq. (3).The variance of cost as follow: 

I h + T ́ C ́X́∈ + b π́+ 	 I h +						 T ́ C ́X́∈ + b π́− ́∈ 	 I h + T ́ ́ C ́X́∈ ́ + b ́ π́ + 2  

(6) 

Third objective functions maximize the reliability (Bozorgi Atoei et al., 2012) 	  (7)

Finally, the model will be as follows: 

	 = 	 x 	 + + ( + 	) + ( )ℎ + ́ ́́∈+ +  

 
(8) 

	 = ∑ ∑ ℎ + ∑ ∑ ́ ́́∈ + ∑ + ∑ ∑ ℎ + ∑ ∑ ́ ́́∈ +∑ − ∑ ́∈ 	 ∑ ℎ + ∑ ∑ ́ ́ ́́∈ ́ + ∑ ́ + 2   

(9) 

	 3 = ∑ ∑          
 

(10) 

Subject to: 
 

    ∑ =p		  (11) 

= 1	 ∀ ∈ (12)≤  ∀ ∈ , ∈  (13)≤ (1 − ) 	 ∀ , (14)
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= ℎ2 	 ∀ ∈ (15)

≥ 	 ∀ ∈ (16)≤ (1 − ) 	 ∀ , (17)= 	 ∀ , (18)+ ́ −́ − ́́ = − ∀ ,
(19)

́́ <= 	 ∀ , , ≠́  (20)<= 1 ∀ ∈  (21)≤ 	 ∀ , (22)≤ ∗ 	 ∀ ∈ (23)I h + T ́ C ́X́∈ + b π́− I h + T ́ C ́X́∈ + b π́ + ≥ 0  ∀ ∈  (24) 

<= 1 − 	 ∀ ∈ , (25)0 ≤ ≤ 1	 (26)∈ 0,1 	 (27)

0jjT   	 (28)≥ 0	 (29)0 ≤ ≤ 1	 (30)≥ 0    (31)≥ 0	 (32)
 

Eq. (8) is the first objective function and states the total expected costs, which includes total expected 
fixed costs for opening DCs (first statement), Working inventory cost (second statement), 
Transportation cost from located DC to the customer (third statement) and  Penalty cost of deficiency 
(fourth statement). Eq. (9) is the second objective function and it is variance of inventory holding, 
transportation and shortage costs. This is contemplated as absolute magnitude and it is linearized 
based on the available literature in this field. Eq. (10) is the second objective function and tries to 
maximize the reliability of located distribution centers. According to Eq. (11), p is the number of 
distribution centers, which should be located in potentially locations. Eq. (12) states that any 
customer exactly orders as much as its demand and shortage is not permitted. Eq. (13) emphasizes 
that, at least, a distribution center should be open to have customer allocation. Eq. (14) is the capacity 
constraint of distributer.  Eq. (15) calculates the annul number of orders in each distribution center. 
Eq. (16) calculates the total annual demands of DCj (due to fluctuations of customer demands, ≥ is 
considered). Eq. (17) is the limitation of supplier’s capacity, Eq. (18) shows the amount of goods 
shipped from each supplier to each distribution center, Eq. (19) is equilibrium constraint in  and 
expresses the difference between incoming goods to	   and the outputs from it in case of either 
disruption/shortage or normal situation. Eq. (20) states that the maximum amount of delivered 
products from the normal distribution center (backup) to the disrupted distribution center can be as 
much as the amount that suppliers sent them. Eq. (21) shows that each distribution center could order 
products in maximum as much as its needs (because they may be faced shortage). Eq. (22) states that 
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there must be an opened distribution center to be allocated for the suppliers. Eq. (23) states that a 
distribution center should be open to allow the suppliers send goods to them. Eq. (24) is the 
constraints resulting from linearization of costs variance. Eq. (25) shows that the reliability of each 
distributer center is in maximum when there is no disruption in that center. Eqs. (26-32) are 
limitations of the signs. 

Chance Constraint 

Note that constrains given by Eq. (14) and Eq. (16) are probability. When we consider normal 
distribution for demand and using Probability Constraint, Therefore, Eq. (7) is reformulated as 
follows, ≤ 1 − ≥ 1 −  

(33) 

∑ − ∑∑ ≤ 1 − − ∑∑ ≥ 1 − → 1 − − ∑∑ ≥  

 

 

Eq. (11) can be written as follows, 

≥ ≥ 1 −  
(34)

− ∑∑ ≥ ∑ − ∑∑ ≥ 1 − → − ∑∑ ≥  

 

 

After applying probability constraint, the model can be rewritten as follows: 

= 	 x 	 	+ + ( + 	) + ( )ℎ + ́ ́́∈+ +  

(35)

	 = I h + T ́ C ́X́∈ + b π́+ 	 I h +						 T ́ C ́X́∈ + b π́− ́∈ 	 I h + T ́ ́ C ́X́∈ ́ + b ́ π́ + 2  

(36) 

		 = ∑ ∑   (37) 

Subject to:  

Eqs. (11)-(13)  
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∑∑ ≥                           ∀ ,    (38) 

Eq. (15)  

∑∑ ≥                                           ∀ ∈  (39) 

Eqs. (17-32)   

3. Solution Approach 

The proposed model is solved using Lingo11 to find some optimal solutions. Since the problem 
formulation is a multi-objective one, we use epsilon constraint method. Epsilon constraint method is 
known as one of the public techniques for handling multi-objective problems. 

2 21 ,  ( ) ,  ,   min  ( ) ( )n nx X f xf x f x     

ε -constraint method has the following steps: 

1. It selects one of the objective functions as the main function and place the rest of objective 
functions to constraints. 

2. It solves the problem each time by Contemplating one of the objective functions and getting 
the optimal amounts of each objective function. 

3. It divides the optimum interval between the sub-objective functions into pre-defined values 
and obtaining a values table for ε ... ε  

3. Computational result 

To illustrate the applicability of the model, 2 numerical examples have been presented; all data are 
provided in the appendix. It should be noted that the related calculations were done using Lingo 11 in 
a personal computer with Intel core2 and 2 GB RAM. Numerical values are given for each variable. It 
all costs are to ten thousand Rials. Capacity and demand are to tons (Bozorgi Atoei et al., 2012) 

Table 1  
Parameter value 

Value parameter 
Uniform (750-810)Supplier capacity (capj) 
Uniform(480000-525000)Constant costs for opening and operating DC (fj)  
Uniform (650-750)Fixed cost per order from   (s) 
Uniform (64-78)The annual maintenance cost per unit in DC (h) 
Uniform (710-840)Capacity of  DC  (capj) 
Uniform (100-320)The penalty cost of shortage in service to DC per unit of demand ( )
normal(280,24)customer demand (Dk) 
Uniform (0-0.5)Probability of each scenario (qs)
Uniform (10-19)Transportation costs from the  DCj to customers (djk)
Uniform (11-22)Transportation costs from the suppliers  to the DCj  (kij)
Uniform (41-25)Transportation cost unit from each normal  to each deficient  (cjj)
Uniform (100-250)Fixed cost per shipment from supplier to distribution center(gij)
Uniform(0,1)fraction of total capacity of  which has been ruined in scenario s (ajs)
Uniform(0,1)Fraction of capacity of supplier i under scenario s which is eliminated due to disruption (ais)

 

According to ε-constraint method described above, in any time are achieved different amount for 
objective functions that will be displayed in Table 2. Colorful houses in the table above, the objective 
function values are considered as the main objective and other objective functions are placed in 
constraints. As can be seen, in each row the best value (in terms of minimum or maximum) related on 
the main objective function. ε -constraint method requires the best and worst values that specified in 
table. 
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Table 2 
Result of lingo solution  

best value 
nadir 
value 

result  State sup/DC/cus/sen./p Problem # 

21504120 
21677560 

21677560 21619540 21504120 Obj1 

global 1-2-2-2-2 1 
111300 

138637.3 
138637.3 111300 116136.9 Obj2 

3 
0.75 

3 0.75 0.75 Obj3 

22844370 
30830660 

30830660 28972120 22844370 Obj1 

global 3-4-3-3-3 2 
227307.7 
683907.1 

683907.1 227307.7 346006.8 Obj2 

4 
0.0025 

4 0.004371 0.0025 Obj3 

   
We consider the first objective function as the main objective function and divide the other objectives' 
ranges by 5 intervals for the rest of objective functions. Figure 1 shows the direction of  objective 
functions for problem 1. 
 

a. expected value cost b. variance 

c. reliability 

 
Fig1. Test problem 1 

According to the figure, the first and second objective function are opposite directions, which is 
reasonable and also the  first and third objective function are opposite directions, that is acceptable 
because the first objective function is a minimization and the second objective function is a 
maximization.    
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4. Conclusion 
 
We have presented a multi-objective reliable capacitated supply chain network design (RSCND) model by 
considering random disruption risks in accordance with the real-word. The proposed model determines the 
optimal location of distribution centers (DC) with the highest reliability, the best plan to assign customers to 
opened DCs , assigns opened DCs to suitable suppliers with lowest transportation cost and variance of 
holding, transportation and shortage costs. Random disruption occurs at the location, capacity of the 
distribution centers (DCs) and suppliers. We have assumed that a disrupted DC and a disrupted supplier may 
lose a portion of their capacities, and the rest of the disrupted DC's demand can be supplied by other DCs. In 
addition, we considered shortage in DCs, which can occur in either normal or disruption conditions and DCs, 
can support each other in such circumstances. Unlike other studies in the extent of literature, we have used 
new approach to model the reliability of DCs; we consider reliability as a range .In order to solve the proposed 
model lingo software is applied.  

 

• Future research 

For future research, we suggest five directions as follows: 

 Contemplating metaheuristics solution methods to solve the model, such as NSGA-II ,MODA 

, MOPSO and so on. 

 Taking in to account correlated distribution probabilities for the model. 

 Considering other cost factors such as reconstruction cost of ruined facilities or destroyed 

inventory, etc. 
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