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Introduction  

Due to the global sourcing and markets, international companies commonly use multi-echelon 
supply networks to support their manufacturing and distribution. For example, Wal-Mart and Target 
have complex supply networks in the United States. When products arrive at international seaports, 
they are delivered to retail stores through multi-echelon supply networks. The design and 
management of multi-echelon supply network in today‘s competitive business environment is one of 
the most important and difficult problems that managers face. 

 
Several studies have focused on the area of supply network design. Shen (2007) conducted a 

complete review of the supply chain design literature and discussed future research topics. Recently, 
Pujari et al. (2008) used a continuous approximation (CA) procedure to determine the optimal number 
and size of shipments when considering issues of location, production, inventory, and transportation. 
Murat et al. (2010) provided a CA framework for solving location-allocation problems with dense 
demand. Li and Ouyang (2010) provided a continuous approximation approach for solving the reliable 
facility location design problem under correlated probabilistic disruptions. Murat et al. (2011) 
formulated the two-facility location–allocation problem as a multi-dimensional boundary value problem 
and developed a multi-dimensional shooting algorithm to solve this problem. Tsao and Lu (2012) 
designed a supply chain network considering both distance discount and quantity discount for 
transportation cost. In this paper we use a continuous approximation technique to formulate the supply 
network model. The proposed solution defines the input data in terms of continuous functions and can 
formulate these functions for a data set of any size. 

 
Radio-frequency identification (RFID) is the use of a wireless non-contact system that uses radio- 

frequency electromagnetic fields to transfer data from a tag attached to an object. Ngai et al. (2008) 
has presented an excellent literature review of academic journal papers that were published on the 
RFID subject between 1995 and 2005. Sarac et al. (2010) has made a review about the impacts of 
RFID on the supply chain management. They concluded that RFID technologies could improve the 
level of supply chain management through reduction of inventory losses and increase of the efficiency 
and speed of processes and improvement of information accuracy. RFID has being adopted in many 
supply chains, especially for the universal of Internet of Things (IoT). IoT deals with integrating and 
enabling information communication technologies including RFID, wireless sensor networks, machine-
to-machine systems, mobile apps, etc. RFID is said to revolutionize supply chain management, 
releasing great values. Therefore, it is essential to consider the RFID adoption when designing a 
supply chain network. 

 
The main purpose of this research attains a four-fold goal: First, we want to highlight the importance 

of RFID adoption in the supply network design problem. Second, we incorporate the RFID adoption 
decision into the supply network design model. Thirdly, we want to discuss the effects of RFID 
adoption on the supply network design. Fourth, we want to provide solution procedures for solving the 
supply network design problem considering RFID adoption. The objective of the model is to determine 
the optimal distribution center influence area, replenishment cycle time and RFID adoption decision to 
maximize the total profit. 
 
Model Formulation  
  The network studied in this paper is a three-echelon supply chain with an outside supplier selling 
goods to DCs. The DCs are located at level two, and help to consolidate shipments arriving from the 
supplier and deliver them to the retailers. The retailers at the downstream meet the demands from end 
customers. Goods flow from upper-stream facilities to the downstream facilities. This study uses the 
following notations: 

iT : replenishment cycle time for each DC in cluster i, where i=1,2,…,n (decision variable) 

iA : influence area for each DC in cluster i, where i=1,2,…,n (decision variable) 

F : facility cost of opening each DC 
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i : store density in cluster i, where i=1,2,…,n 

i : demand rate for retail store in cluster i, where i=1,2,…,n 

 : length of the planning horizon 

Tc : transportation cost per unit distance per item 

f : constant that depends on the distance metric and shape of the DC service region 

S: ordering cost for DC 
h: inventory holding cost for DC 

iC : service area in cluster i, where i=1,2,…,n 

c: unit purchasing cost 
p: unit selling price  
 : unit RFID adoption cost 

 : efficiency of the replenishment process with respect to satisfying consumer demand 

N : the mean of the lead time without RFID adoption 

N : the standard error of the lead time without RFID adoption 

RFID : the mean of the lead time with RFID adoption 

RFID : the standard error of the lead time with RFID adoption 

 : factor by which order quantity must be increased relative to demand when RFID is not used, where 

1   

r : unit process cost for reverse logistics 
 : fixed fraction of items needing to go into reverse logistics process 

Nt : average process time for reverse logistics without RFID adoption 

RFIDt : average process time for reverse logistics with RFID adoption 

 
The mathematical model in this study is based on the following assumptions: 

1. Demand per unit time for retail store in cluster i is an independent and identically distributed 

Poisson process with rate i . 

2. Each DC‘s influence area is close to circular. Moreover, each DC is located in the center of the 
influence area. 

3. Each retailer is assigned to a particular DC and served only by that DC. 
4. RFID technology can improve information sharing, cut logistical operations time and reduce lead-

time. In this paper the mean of lead time and the standard error of lead time under RFID adoption 

are assumed to be less than those without RFID adoption, i.e. RFID < N  and RFID < N . 

5. Without RFID adoption, the products are subject to shrinkage due to damage, theft, or other 
incidents. Therefore, the DCs should replenish more products when RFID is not adopted. This 

means 1   when RFID is not adopted. 

6. The average process time for reverse logistics without RFID adoption is larger than the average 

process time for reverse logistics with RFID adoption, i.e. N RFIDt t . 

7. RFID adoption affects the efficiency of the replenishment process with respect to satisfying 

consumer demand. When RFID is adopted in the supply chain,  =1; otherwise, 0 1  . 

 
This study uses a continuous approximation technique (Tsao et al., 2012) to divide the network into 

smaller regions over which the discrete variable can be modeled using the slow varying functions. 
Using the method the given service region is covered with clusters i, i=1,2,..,n. Clusters i, i=1,2,..,n, 
exist within the given service region such that the store density is nearly constant over each cluster.  
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The total network profit is 

( , ),  if RFID is not adopted;
( , )

( , ),  if RFID is adopted.  

N i i

i i

RFID i i

A T
A T

A T


  


                                                                        (1) 

The total network profit without RFID adoption ( , )N i iA T  is 

 
1 1

( , )
n n

i
N i i i i i

i i i

C
A T p c C F

A
 

 

 
     

 
   

1

n

T i i i i

i

c f A C




2
2 2

1

( )
2

n
i i i i i

N i i N i i i

i i

h C T C
hZ C

A



   



 
   

 
 



1 1 1

n n n
i

i i i N i i i

i i ii i

CS
r C ht C

T A
 

  

 
   

 
   , where i=1,2,…,n.                        (2) 

The total network profit with RFID adoption ( , )RFID i iTNC A T  is 
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  The crucial decisions are the location of the DCs, the manner in which to assign retail stores to DCs, 
inventory policy at DCs, and the RFID adoption decision to maximize total profit. Since each DC is 
assumed to locate in the center of the influence area, the location and allocation decisions can be 
decided by determining the DC influence areas. 
 
Decision Making  

The problem analysed here is to determine the optimal influence area for each DC 
*

iA  and 

replenishment cycle time for each DC 
*

iT  to maximize total network profit ( , )i iA T , i=1,2,…,n. The 

problem is a two-branch nonlinear function with 2n variables. To solve the problem, we first find the 

maximal values of ( , )N i iA T  and ( , )RFID i iA T  respectively. Then the optimal 
*

iA  and 
*

iT  are 

chosen to maximize ( , )i iA T , i.e. 
* * *( , ) max{ ( , ), ( , )}i i N i i RFID i iA T A T A T       , where iA 

 

and iT 
 are the values to maximize ( , )N i iA T  and iA 

 and iT 
 are the values to maximize 

( , )RFID i iA T . This is 
* * *( , ) Max{ ( , ), ( , )}i i N i i RFID i iA T A T A T       . 

 

Numerical Example  
To illustrate the algorithm described above, consider the parameters of a commodity in a supply 

chain: F =5000, n=3, 1C =8000, 2C =10000, 3C =12000, h=1, Tc =5, r=2, S=500, f =0.01,  =0.4, 1

=11, 2 =10, 3 =9,  =12, 1 =0.06, 2 =0.05, 3 =0.04, 0.95 1.645Z  ,  =1.05, RFID =0.5, RFID

=0.05, N =1, N =0.1,  =0.02; RFIDt =1, Nt =1.5. When adopt RFID technology ( =1), the influence 

areas for DCs in cluster 1, cluster 2 and cluster 3 are 1A 
=1017.63, 2A 

=1215.75 and 3A 
=1501.14 
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respectively; the replenishment cycle times for DCs in cluster 1, cluster 2 and cluster 3 are 
1T 

=0.352, 

2T 
=0.370 and 

3T 
=0.393 respectively; the total profit RFID =289418. When  =0.9 (without RFID 

adoption), the influence areas for DCs in cluster 1, cluster 2 and cluster 3 are 
1A 

=1088.66, 
2A 

=1300.76 and 
3A 

=1606.32 respectively; the replenishment cycle times for DCs in cluster 1, cluster 2 

and cluster 3 are 
1T 

=0.359, 
2T 

=0.377 and 
3T 

=0.400 respectively; the total profit N =254821. 

Therefore, in this case, the maximal profit is $289418 when the RFID is adopted. 
 
Conclusion 

This study designs a supply chain network models considering RFID adoption. The crucial decisions 
are the location of the DCs, the manner in which to assign retail stores to DCs, the manner in which to 
set the inventory policy at DCs, and the RFID adoption decision to maximize total profit. This study 
formulated the supply chain network design problem as a two-branch nonlinear model and proposes a 
solution approach to solve the problem. Numerical study demonstrated the solution procedures. 
Further research on this topic may consider other practical scenarios, such as capacity limitations on 
DCs or deteriorating item supply networks. 
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