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ABSTRACT 
 

This thesis studies a coordination issue with customer return policy of a two level 
supply chain that composes of one manufacturer and one retailer in make-to-order 
environment. A composite contract that composes of buy back and quantity flexibility 
contracts is used as a coordination mechanism.  
 
In mathematical model development part, we consider two systems that are 
centralized and decentralized systems. The manufacturer and the retailer are 
considered as a same organization in centralized system. The centralized system is 
used as a benchmark compared with the decentralized system.  
 
In numerical experiments, all parameter are set follow the critical conditions that are 
analyzed in the mathematical models. Then, each critical parameter is varied in order 
to study the effect of the parameters to the whole supply chain’s profit. 
 
Finally, we show that the two level supply chain can be coordinated with appropriate 
value of contract parameters. However, the profit allocation between the retailer and 
the manufacturer in the decentralized system might not reach perfectly in comparison 
to the centralized system. Therefore, if the retailer offers to share his profit to the 
manufacturer, it might be better in profit allocation between both of them. 
 
Keywords: Supply chain, contract, coordination, buy-back, quantity flexibility 
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CHAPTER 1 

 
INTRODUCTION 

 
1.1 Background of the study 
 
Several management theories are being implemented in business to improve the 
business performance and chance of survival. One of the most useful and famous 
theory is supply chain management (SCM) which is defined as management system 
of raw-material storage, finished goods inventory, and information flow from 
manufacturers to end-users (Brook, 1986). Delivery products to the right place at the 
right time in the right quantities is an ideal concept of a good supply chain (Simchi-
Levi, 2003). Nevertheless, maximizing profit among members in supply chain is 
difficult because the whole supply chain composes of many members that sometimes 
make different decisions based on their own profits. Most of these decisions will have 
either positive or negative effects to other members. For example, the number of 
products that minimizes cost for buyers might not optimizes for suppliers. On the 
other hand, supply chain is coordinated only when every members make decisions 
such that they all get optimal benefits or when the decision from one member 
maximizes profits of other members (Chen & Xiao, 2011). There are several methods 
to coordinate the supply chain. Signing contract is one of the methods that are well 
known and wildly used. This method can help members to optimal their profits 
through contracts, it means that all members set the same goal and go to the same 
destination (Cachon, 2003). Recently, there are various types of contract that have 
been proposed to coordinate the supply chain by aligning objectives of the supply 
chain members, for example, buy-back contract, sharing revenue contract and pay-
back contract, among others. 

1.2 Statement of the problem 

Currently, return policy that allows customers to return products within some duration 
of time without any argument after purchasing becomes a common strategy. This 
policy allows customers to return products that do not have any problem related to 
functional defects (Huang et. al, 2011). Particularly, for products from electronic 
industries that customers perceive the image of products by advertisements, their 
experiences with products might not satisfy customer’s expectation. If this happens, 
the customers will return the product to the retailer. Nowadays, various industries use 
return policy in order to compete with other competitors (Chen & Bell, 2012). It is 
interesting to notice that the cost of return has already surpassed $100 billion per year 
in the U.S. (Stock et al., 2002). 
 
A supply chain will be called a decentralized supply chain when members in the chain 
make decision by themselves, and do not think about the performance of the whole 
supply chain. The members will make decisions based on their own production and 
cost structure (Lu et. al., 2012).  Decisions decided by only one member can lead to 
the worst performance of the whole chain because they make demand fluctuated and 
can cause conflicts (Zou et. al, 2008). 
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At present, various research articles use supply chain contracts to deal with the above 
problem. The majority of the articles focus on a few well-known contracts such as 
buy-back contract, quantity flexibility contract, quantity discount contract, and sales 
rebate contract. However, it was reported by Xiong (2011) that using a composite 
(CP) contract based on buy-back (BB) and quantity flexibility (QF) contracts has 
several advantages over the component contracts. Moreover, they also found 
situations where two component contracts cannot coordinate the supply chain, while 
CP contract can.  The CP contract is more flexible for profit allocation among 
members of the supply chain when contract parameters are varied. Also, the CP 
contract is more flexible for risk allocation. In this research, the CP contract proposed 
by Xiong (2011) will be analyzed for it applicability to coordinate the supply chain 
when the customer return policy is employed. 
 
1.3 Objective of the study 
 
This research will focus on investigating the effects of buy back price, wholesale 
price, and percentage of revenue sharing in the composite contract that composes of 
buy-back and quantity flexibility contracts so that the supply chain can be 
coordinated. The effect of customer return will be taken into consideration. 
 
1.4 Scope and limitation 
 
This research studies a supply chain with the following characteristics: 

1. The supply chain consists of one retailer and one manufacturer 
2. Retailer faces uncertain demand 
3. The manufacturer adopts a make-to-order policy 
4. Information about demand are known by both supplier and retailer 
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1.5 Methodology 
 
The research methodology can be summarized in the following flowchart (Figure 1.1): 
 
 
 

          Review of literatures related to 
         supply chain coordination 

 
 
 
 

        Development of profit function of retailer, 
          manufacturer, and the whole supply  

        chain  
 
 
 
           Analysis of the optimal decisions 
         in the centralized and decentralized 

systems 
 

 
 

 
         Determination for the conditions of contract  

         parameters for coordination 
 
 
 

 
         Numerical Experiments  

 
 
 

 
              Conclusions and recommendations 

 
 

 
 

Figure 1.1 Methodology flowchart 
 
First of all, information will be collected from many literatures that are related to 
supply chain coordination and customer returns. Next, mathematical models will be 
formulated to express the supply chain in various cases. The models will be analyzed 
to check the ability to coordinate the supply chain. A computer program, written in 
MATLAB, will be used to solve the mathematical models so as to find the solution. 
Finally, conclusions and recommendations are made for future research directions. 
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CHAPTER 2 
 

LITERATURE REVIEW 
 

2.1 Review of the composite contract 
 
Composite (CP) contract consist of two well-known contracts that is buy-back (BB) 
and quantity flexibility (QF) contracts. Therefore, the CP contract will have a 
distinctive mechanism from both of components. From BB contract side, a 
manufacturer allows a retailer to return unsold products at buy back price. It is 
absolutely undeniable that the buy back price should be less than wholesale price, 
otherwise the retailer will order as much as possible when wholesale price is less than 
or equal to buy back price. On the other hands, from QF contract side, the 
manufacturer allows the retailer to return the unsold products up to the amount of 
units with full refund credit, and the remaining will be paid at the buy back rate. 
 
As a result, the retailer gained incentives to order more because the risk of overstock 
is shared between manufacturers and retailers. The contract that will be used has to be 
set so as to optimize benefits of the both members. It is obvious that the retailer will 
gain the benefit from the risk reduction. However, the benefits for the manufacturer’s 
point of view gained from more production has to overcome the risk that increased in 
order to make an incentive for the manufacturer to comply the contract. 
 
2.2 Review of the related researches 
 
Chen & Bell (2011) have investigated a decentralized supply chain which is a supply 
chain that consists of a manufacturer and a retailer. The retailer faces customer 
returns, has to determine the retail price, and also order quantity. An agreement of the 
two buy back prices, one for unsold inventory and another one for customer returns, is 
used between the members of the chain. The contract can perfectly coordinate the 
supply chain by implement an easy agreement between the members. 
 
The study by Huang et al. (2011) presents that more than 95% of returns in electronic 
industries are false failure return, which refers to returns without any functional 
defects, in a supply chain that consists of one manufacturer and one retailer.  
Therefore, a quantity discount contract that exponentially decreases payment is used 
in order to deal with the problem. This contact is designed this way because the 
retailer will have an incentive to reduce the number of false failure returns. The 
distribution of the number of false failure return was assumed to be Geometric 
distribution, Poisson distribution, and Normal distribution. As a result, the contract is 
able to successfully coordinate the supply chain. Moreover, it was also showed that 
the retailer can be prevented from increasing the number of false failure return by the 
function of the contract. Furthermore, Huang et al. also demonstrated that the profit of 
the supply chain members can be increased by mitigation of the contract. 
 
A three-level supply chain that consists of a raw-material supplier who loads basic 
components, a manufacturer who take responsible to produce products, and a retailer 
who faces the stochastic demand. The researchers found that using wholesale price 
contract cannot coordinate for upstream and downstream supply chains, as 
demonstrated by He and Zhoa (2012). Therefore, two contract mechanisms are 
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implemented in this research. Then, they added a return policy between the 
manufacturer and the retailer while a wholesale price is used between raw material 
supplier and the manufacturer in order to try to optimize the system. As a result, the 
three-level supply chain can be coordinated by using wholesale price contract with 
return policy. 
 
A three level supply chain sells short life cycle products in a single period model. A 
mechanism called a flexible return policy which delays the calculation of final prices 
is used in order to coordinate the three-level supply chain (Ding and Chen 2008). This 
policy composes of two components to set the last contract prices. The first 
component is a critical ratio term that is used to define the total profits. Another one is 
a profit sharing term that is used to share the profit among the members. The return 
policies are also applied to all adjacent pairs in the system that is the retailer return to 
the manufacturer and the manufacturer return to the supplier. Besides, the flexible 
return policy can be successfully coordinated the whole chain by appropriate setting 
of the contract. Finally, numerical studies are conducted to prove that the optimal 
prices are not sensitive to the demand distribution. 
 
Lee & Rhee (2007) examined different researches from the majority of supply chain 
researches because researchers assume that a supplier and a retailer have limited and 
stochastic salvage capacities. Normally the salvage capacity is assumed to be 
unlimited in most of supply chain researches. This assumption is unique from the 
others because the researchers tried to set constrains that close to a reality as much as 
possible in order to get a result based on realistic. Therefore, the salvage capacities 
are assumed to be limited and stochastic. Partial returns policy is used to optimize 
profits among members in the supply chain. A duty of the retailer in most of supply 
chain contracts is to calculate order quantities. On the other hand, the responsibility of 
the retailer in the partial return policy is not only determining an order quantity, but 
also taking care return quantities. Moreover, the authors propose three types, 
categories of buy-back contracts to coordinate the supply chain. As a result, the whole 
chain is successfully coordinated by all of three contracts. However, each of them 
gives a different beneficial sharing among the members of the supply chain. 
 
Chen (2011) calculated the customer returns function based on considering customer 
manner. The researcher also interested in an effect of customer return information in a 
supply chain with an assumption that a retailer is better informed than a manufacturer 
return rate. The effects were examined by using two conditions. Buy-back contract 
was used in the first condition. Another condition was performed  without buy-back 
contract as a control study. After the experiments, the researchers figured out that the 
retailer had incentive to share the customer return information in case of using buy-
back contract. Furthermore, this research also demonstrates that if the manufacturer 
fails to determine the customer returns in the wholesale price decision, the 
manufacturer will face with high profit loss. The incentives for sharing the customer 
return information has also been discussed in the paper. 
 
Hu & Xu (2012) studied a supply chain that consists of one manufacturer and one 
retailer, and a consumer return is also considered in a coordination of the supply 
chain. A distribution free approach is used to face centralized and decentralized 
models. A market demand is assumed to be a stochastic with a known distribution by 
limit the demand distribution to a mean and a variance. Another assumption of return 
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policy is that the customers did not know whether they want to return the product or 
not until they used it for a while. Therefore, a markdown money contract is used in 
order to solve the problem. As a result, using the markdown money contract can 
coordinate the supply chain, and a numerical illustration part in the research can prove 
that the supply chain is coordinated. 
 
Increasing the salvage values of returned products and unsold units can activate a 
profit of the whole chain; however, it may have an opposite on a profit of the 
manufacturer as shown by Xiao et al. (2010). In the study, a supply chain that 
consisted of a manufacturer and a retailer with uncertain demand was investigated. In 
such scenario, customers returned their products. Distributions of the customer returns 
were assumed to be normal distribution and uniform distribution, respectively. That 
the customers will know product valuations only after they bought and used was also 
assumed. Buy-back and markdown money contracts were used to coordinate the 
supply chain. Moreover, effects of salvage values and refund amount were also 
considered.  
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CHAPTER 3 

 
MATHEMATICAL MODEL DEVELOPMENT 

 
In make-to-order system, the retailer has to forecast the customer’s demand before 
selling season. This kind of system represents a situation that the manufacturer has 
enough capacity and the retailer has to specify the order quantity. Consequently, the 
retailer has to bear the overstocking risk alone because the order quantity cannot be 
changed after the retailer made a decision. When the retailer takes the overstocking 
risk alone, they might prefer to order less than the economic order quantity of the 
supply chain in order to minimize their risk. Finally, it is going to affect the overall 
supply chain profit. Therefore, this part will analyze a coordination mechanism that 
may be able to encourage the retailer to decide on the optimal order quantity. 

A two-stage supply chain, which composes of a manufacturer and a retailer, is 
considered in this research. In forward supply chain, assume that retailer faces a 
stochastic demand (D). The retailer will order the product to the manufacturer before 
the selling season by forecasting the demand of the customers in the future based on 
customer’s demand in the past, and places the order (Q). Moreover, the manufacturer 
sells the products at the wholesale price (w) to the retailer. When the selling season 
arrives, the retailer sells the product to the customers at retail price (p). 

In backward supply chain, the retailer also presents a return policy that the customers 
can return products anytime when they want at refund rate (r) in some duration of 
time. Nevertheless, they have to pay some costs to return the products, and it is called 
unit returned cost of customer (c0). All of returned items will be salvaged at the 
retailer at rate (s’). The manufacturer will salvage the excess inventory. However, 
amount of refund for the excess inventory will be credited in two rates: full credit 
refund (w) up to 𝛼𝑄 units, and the remaining at the buyback price (b). The valuation 
of the excess inventory should be greater than the procurement cost of retailer (cr) 
because acquiring one item includes the wholesale price (w) and procurement cost 
(cr). Moreover, the price that the manufacturer paybacks for refund the products, full 
refund (w) and buyback price (b), must be at most the wholesale price (w) that they 
sell to the retailer before the selling season. On the other hand, salvage value per unit 
of returned item (s’) must be greater than the handling cost of returned item per unit 
(lr). 
 
In addition, the retailer offers a return policy to the customers when they want to 
return products for refund at rate r  ∈    [0,𝑝]. Moreover, the customers also have some 
cost to return the product called c0. Therefore, the net refund that customers will get is 
r – c0, and it is assumed to follow a continuous uniform distribution U(r – c0). 
Furthermore, the parameter G1= U(r – c0) is the probability that customers make a 
decision to return the product. On the other hand, they will keep the product with 
probability G2=1- U(r – c0). 
 
The diagram of the two level supply chain is shown in Fig. 1 in order to present a 
sequence of all activities in the make-to-order environment 
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Product            On-shelf 

  
 cm  w  cr p 
  

 
Order Forecast 

 
  

 
 s  b,w    s’  r           c0 
 
          Residual product            Returned items 
 

Figure 3.1 Diagram of two level supply chain  
 

The sequence of events is as follows: 
 

1. The retailer forecasts the demand and place the order (Q) to the manufacturer  
before the selling season; 

2. The manufacturer produces the products at production cost (cm), and sells to  
the retailer at the wholesale price (w); 

3. The retailer has to pay cost of procurement (cr) multiplied by order quantity  
(Q), and sell the products to the customer at the retail price (p) when the  
selling season arrives; 

4. When customers decide to return the products, they have to pay cost c0. After  
that, they will get money back (r); 

5. The retailer will salvage the returned products at rate (s’); 
6. After the selling season, the retailer will send the residual products back to the  

manufacturer at two rates that are buyback price (b) and full credit (w). 
7. The manufacturer will salvage the residual product that received from the  

retailer after the selling season at rate (s). 
 
Notations of the model are as follow: 
 
w  = Wholesale price per unit 
Q  = Order quantity 
D  = Stochastic demand 
s  = Salvage value per unsold unit (of manufacturer) 
s’  = Salvage value per unit of returned item (of retailer) 
p  = Retail price 
gm  = Shortage or loss of good will cost of manufacturer 
gr  = Shortage or loss of good will cost of retailer 
cm  = Production cost per unit 
cr  = Retailer cost per unit (e.g. cost of procurement and selling) 
c0  = Unit return cost of customer when returning products 
f(.)  = Probability density function of demand 
F(.)  = Cumulative distribution function of demand 
𝜋sc  = Supply chain’s profit function 
𝜋m  = Manufacturer’s profit function 

Manufacturer Retailer Customer 
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𝜋r  = Retailer’s profit function 
r  = Refund amount per unit return of customers 
b  = Buy back price 
𝛼   = A percentage that the manufacturer will credit the excess  

inventory for full refund 
G1  = Probability of customers returning the products which is  

defined by U(r-c0) 
G2  = Probability of customer keeping the products which is defined  

by 1 – U(r-c0) 
lr  = Retailer’s handling cost per unit return of customer 
lm  = Manufacturer’s handling cost per unit of excess inventory 
E[S(Q)] = Expected sales 
E[I(Q)]  = Expected excess inventory 
E[L(Q) ] = Expected shortage 
 
Assume E[S(Q)], E[I(Q)], and E[L(Q)] are expected sales, expected excess inventory, 
and expected shortage, respectively. Moreover, the notation 𝑥  represents the 
stochastic demand D. 
 
E[S(Q)] = 𝐸[𝑀𝑖𝑛(𝑥,𝑄)] 
  = 𝑀𝑖𝑛 𝑥,𝑄 𝑓 𝑥 𝑑𝑥!

!  
  = 𝑥𝑓 𝑥 𝑑𝑥 + 𝑄𝑓 𝑥 𝑑𝑥!

!
!
!  

  = 𝑄𝐹 𝑄 − 0 − 𝐹 𝑥 𝑑𝑥 + 𝑄 1− 𝐹 𝑄!
!  

  = 𝑄𝐹 𝑄 − 𝐹 𝑥 𝑑𝑥 + 𝑄 − 𝑄𝐹(𝑄)!
!  

  = 𝑄 − 𝐹 𝑥 𝑑𝑥!
!  

 
E[I(Q)]  = 𝐸 𝑀𝑎𝑥 0,𝑄 − 𝑥  
  = 𝑀𝑎𝑥 0,𝑄 − 𝑥 𝑓 𝑥 𝑑𝑥!

!  
  = 𝑄 − 𝑥 𝑓 𝑥 𝑑𝑥 + 0 ∙ 𝑓 𝑥 𝑑𝑥!

!
!
!  

  = 𝑄 ∙ 𝑓 𝑥 𝑑𝑥 − 𝑥𝑓 𝑥 𝑑𝑥!
!

!
!  

  = 𝑄 𝐹 𝑄 − 0 − { 𝑄𝐹 𝑄 − 0 − 𝐹 𝑥 𝑑𝑥}!
!  

  = 𝑄𝐹 𝑄 − 𝑄𝐹 𝑄 + 𝐹 𝑥 𝑑𝑥!
!  

  = 𝐹 𝑥 𝑑𝑥!
!  

  = 𝑄 − 𝐸[𝑆 𝑄 ] 
 
E[L(Q)] = 𝐸 𝑀𝑎𝑥 0, 𝑥 − 𝑄  
  = 𝑀𝑎𝑥 0, 𝑥 − 𝑄 𝑓 𝑥 𝑑𝑥!

!  
  = 0 ∙ 𝑓 𝑥 𝑑𝑥 + 𝑥 − 𝑄 𝑓 𝑥 𝑑𝑥!

!
!
!  

  = 𝑥𝑓 𝑥 𝑑𝑥 − 𝑄𝑓 𝑥 𝑑𝑥!
!

!
!  

  = 𝑥𝑓 𝑥 𝑑𝑥 − 𝑥𝑓 𝑥 𝑑𝑥 − 𝑄{𝐹 ∞ − 𝐹 𝑄 }!
!

!
!  

  = 𝐸[𝐷]− {𝑄𝐹 𝑄 − 𝐹 𝑥 𝑑𝑥}− 𝑄 + 𝑄𝐹(𝑄)!
!  

  = 𝐸[𝐷]− 𝑄 + 𝐹 𝑥 𝑑𝑥!
!  

  = 𝐸[𝐷]− 𝐸[𝑆 𝑄 ] 
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3.1 Centralized system 
 
A manufacturer and a retailer will be considered as the same organization in the 
centralized system. Therefore, the production quantity that is decided in this system 
will optimize the profit for the whole supply chain. Consequently, this model will be 
used as a benchmark in order to analyze another situation where the manufacturer and 
the retailer are separate units. 
 
Retailer’s profit 
 
Retailer’s revenue can be decomposed as follow: 
 

- Revenue from selling the products calculated by multiply number of units    
sold and retail price (p), i.e., pG2E[S(Q)] 

- Revenue from the difference between retail price and refund because in 
most cases the refund is less than retail price, Therefore, the retailer still 
gains some money when the products are sold and returned. This kind of 
revenue is calculated by retail price (p) subtract by refund amount (r) and 
multiplied by number of units sold and returned by customer. However, if 
full refund policy is applied, this revenue will become 0 because retail 
price is equal to refund amount, i.e., (p-r)G1E[S(Q)] 

- Revenue from returned items which is calculated by salvage value of 
returned item per unit multiplied by number of returned items, i.e., 
s’G1E[S(Q)] 

- Revenue from excess inventory can be divided to two components: First, 
the excess inventory, which can be refunded for full credit (w). Another 
one is the excess inventory that can be refunded at buyback price (b). 
Therefore, the revenue from excess inventory can be calculated as follows: 
 
If I(Q) is defined as the excess inventory: 
 

I(Q) = 
𝑄 − 𝐷      𝑖𝑓    𝐷 ≤ 𝑄  
  0                        𝑖𝑓    𝐷 > 𝑄   

 
Therefore, the amount of excess inventory that will be returned to the 
manufacturer, which will get full credit (w), can be divided to two cases 
 

  = 
𝛼𝑄            𝑖𝑓  𝐼 𝑄 >   𝛼𝑄
𝐼 𝑄   𝑖𝑓  𝐼  (𝑄)   ≤ 𝛼𝑄  

 
And the amount of returned items to the manufacturer at the buyback price 
(b) is 
 

  = 𝐼 𝑄 − 𝛼𝑄  𝑖𝑓  𝐼 𝑄 >   𝛼𝑄
0                                      𝑖𝑓  𝐼  (𝑄)   ≤ 𝛼𝑄 
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Consequently, the revenue received from the manufacturer by returning 
the excess inventory can be determined as: (𝑥 = 𝐷) 
 

 𝑤 𝛼𝑄  𝑓 𝑥 𝑑𝑥 +   𝑏 𝑄 − 𝑥 −   𝛼𝑄   𝑓 𝑥 𝑑𝑥!!!"
!

!!!"
!  

 +  𝑤 (𝑄 − 𝑥)  𝑓 𝑥 𝑑𝑥!
!!!!    

 
Retailer’s cost can be decomposed as follows: 
 

- Cost from procurement, defined as retailer cost per unit (cr) multiplied by 
the order quantity (Q) that the retailer made a decision before selling 
season, i.e., crQ 

- Cost from handling of returned products, defined as handling cost per unit 
(lr ) multiplied by number of returned units, i.e., lrG1E[S(Q)] 

- Shortage or loss of goodwill cost, can be defined as shortage cost (gr) 
multiplied by number of shortage, i.e., grE[L(Q)] 

- The cost of products that the retailer order to the manufacturer can be 
defined as wholesale price (w) multiplied by order quantity (Q), i.e., wQ 
 

 
Retailer’s profit function can be written as all the revenues subtract by all the costs: 
 
𝜋r = pG2 E[S(Q)] + (p – r – lr)G1E[S(Q)] + s’G1E[S(Q)] – crQ –grE[L(Q)] 

+  𝑤 𝛼𝑄  𝑓 𝑥 𝑑𝑥 +!!!"
!   𝑏 𝑄 − 𝑥 −   𝛼𝑄   𝑓 𝑥 𝑑𝑥!!!"

!   +   
  𝑤 (𝑄 − 𝑥)  𝑓 𝑥 𝑑𝑥!

!!!!    – wQ 
 
Manufacturer’s profit 
 
Manufacturer’s revenue can be decomposed as follows: 
 

- Revenue from selling products to the retailer can be calculated by 
wholesale price (w) multiplied by order quantity (Q), i.e., wQ 

- Revenue from excess inventory that get back from the retailer. It can be 
calculated by salvage value (s) multiplied by the excess inventory 
(E[I(Q)]), i.e., sE[I(Q)] 

 
Manufacturer’s cost can be decomposed as follows: 
 

- Production cost can be defined as production cost per unit (cm) multiplied 
by order quantity (Q), i.e., cmQ 

- Shortage or loss of goodwill cost can be defined as expected shortage 
(L(Q)) multiplied by shortage cost per unit (gm), i.e., gmE[L(Q)] 

- Cost of returning product from the retailer that are the excess inventory 
can be decomposed into two rates that are full credit refund (w) for 𝛼Q 
units, and the rest will be refunded at buyback price (b) 

- Excess inventory’s handling cost, defined as handling cost per unit (lm) 
multiplied by number of excess inventory (I(Q)), i.e., lmE[I(Q)] 

 
 



	   12	  

 
Manufacturer’s profit function can be written as all revenues subtract by all costs: 
 
𝜋m = wQ + sE[I(Q)] – cmQ – gmE[L(Q)] −𝑏 (𝑄 − 𝑥 − 𝛼𝑄)𝑑𝑥!!!!

!  
   −𝑤 𝛼𝑄  𝑓 𝑥 𝑑𝑥 − 𝑤 (𝑄 − 𝑥)  𝑓 𝑥 𝑑𝑥!

!!!!  
!!!"
! – lmE[I(Q)] 

 
Consequently, the profit function of whole supply chain can be written by summing 
of retailer’s profit function and manufacturer’s profit function: 
 
𝜋sc = E[S(Q)][ p – s + lm + (s’ – r – lr ) G1]+Q ( s – cr + cm – lm) 

 – E[L(Q)](gr – gm) 
= E[S(Q)][ p – s + gm + gr + lm + (s’ – r – lr)G1] + Q ( s – cr – cm –  lm)  

– D ( gm + gr ) 
 = (Q − 𝐹 𝑥 𝑑𝑥!

! )[p – s + gm + gr+lm+G1(s’ – r – lr)] + Q(s – cr – cm  
– lm) – D(gm + gr) 

= Q[ p – s + gm + gr  + lm + G1(s’ – r – lr)] + s – cr – cm – lm] – 
 𝐹 𝑥 𝑑𝑥[!

!  p – s + gm + gr + lm + G1(s’ – r – lr)] – D(gm + gr) 
 = Q[ p + gm + gr – cr – cm + G1( s’ – r – lr)] - 𝐹 𝑥 𝑑𝑥!

! [ p – s + gm + gr   
+ lm + G1(s’ – r – lr)] – D(gm + gr) 
 

The concavity of the supply chain’s profit function will be derived in order to find the 
optimal order quantity. 
 
!!!"
!!   = [p + gm + gr – cr – cm+ G1(s’ – r – lr)] – F(Q)[p – s + gm + gr + lm +  

G1(s’ – r – lr)] 
!!!!"
!!!

 = – f(Q)[ p – s + gm + gr + lm + G1(s’ – r – lr)] 
 
From the expression of !

!!!"
!!!

, it can be derived into two cases: 

First, if p – s + gm + gr + lm + G1(s’ – r – lr) > 0, !
!!!"
!!!  < 0. Hence, 𝜋sc is concave in Q. 

Also, from the condition that s < cr + cm , we have 
 
p + gm + gr – cr – cm+ G1(s’ – r – lr)  <  p – s + gm + gr + G1(s’ – r – lr) 
 
!  –  !!  –  !!  !  !!  !  !!  !  !! !’  –  !!  –  !

!  –!  !  !!  !  !!!  !! !’  –  !!  –  !
  <  1 

 
In other for Q!"∗  to exist, the above ratio must be greater than 0. Therefore, we should have  
 
p + gm + gr – cr – cm+ G1(s’ – r – lr) > 0 
 
It is noted that: s’ less than r and G1 can be 1. Then, for the above inequality to hold 
true, the parameters should be set such that 
 
p + gm + gr – cr – cm+ s’ – r – lr > 0 
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Noted that r can reach p. Therefore, we must have 
  
gm + gr – cr – cm+ s’ – lr  > 0 
 
gm + gr + s’    > cr + cm + lr 

 

Secondly, if p – s + gm + gr + lm + G1(s’ – r – lr) < 0,  !!!"
!!

 will increase when Q 

increases from the expression of !!!"
!!

. Then, the maximum value of !!!"
!!

 (when Q 
approach infinity) is: 
 
!!!"
!!

 = [p + gm + gr – cr – cm+ G1(s’ – r – lr)] – [p – s + gm + gr + lm + G1(s’ – r – lr)] 
 
!!!"
!!  = s – cr – cm – lm 

 
Noted that, s – cr – cm < 0 because s < cr + cm. Therefore, !!!"

!!
< 0,∀𝑄. Thus, the 

maximum profit of the whole supply chain will be at Q = 0. However, the supply 
chain that produces zero product does not exist in reality. Consequently, the condition 
in the first case should be hold, that is, gm + gr + s’ > cr + cm + lr. Under the above 
condition, the Q!"∗  can be determined as follows; 
 
Q!"∗  = F-1( !  –  !!  –  !!  !  !!  !  !!  !  !! !’  –  !!  –  !

!  –!  !  !!  !  !!!  !!!  !! !’  –  !!  –  !
) 

 
3.2 Decentralized system 
 
The profit of the supply chain mostly depends on the order quantity that the retailer 
makes before selling season. Then, the retailer is the one who has power in making 
order decision. Therefore, the supply chain will be analyzed based on the retailer 
decision. 
 
The retailer’s profit function can be derived as follows: 
 
𝜋r = pG2E[S(Q)] + (p – r – lr)G1E[S(Q)] + s’G1 E[S(Q)]  

+  𝑤 𝛼𝑄  𝑓 𝑥 𝑑𝑥!!!"
!  +  𝑏 𝑄 − 𝑥 −   𝛼𝑄   𝑓 𝑥 𝑑𝑥!!!"

!    
+  𝑤 (𝑄 − 𝑥)  𝑓 𝑥 𝑑𝑥!

!!!!   – crQ –grL(Q) – wQ 
 
 = E[S(Q)][ p + gr + (s’ – r – lr)G1] + 𝑤 𝛼𝑄  𝑓 𝑥 𝑑𝑥!!!"

! − Q(cr + w) 

+  𝑏 𝑄 − 𝑥 −   𝛼𝑄   𝑓 𝑥 𝑑𝑥
!!!"

!
  +   𝑤 (𝑄 − 𝑥)  𝑓 𝑥 𝑑𝑥

!

!!!!  
 

– grE[D] 
 

= E[S(Q)][ p + gr + (s’ – r – lr)G1] – Q(cr + w) – grE[D] 
+ 𝑏 𝐹 𝑥 𝑑𝑥 + 𝑤 𝐹 𝑥 𝑑𝑥!

!!!!
!!!!
!   
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!!!
!!  = E[S’(Q)][ p + gr + (s’ – r – lr)G1] + w[F(Q) – F(Q – 𝛼Q)(1 – 𝛼)] + 

b[F(Q – 𝛼Q)(1 – 𝛼)] – (cr + w) 
 

= [1 – F(Q)] [ p + gr + (s’ – r – lr)G1] + w[F(Q) – F(Q – 𝛼Q)(1 – 𝛼)] + 
b[F(Q – 𝛼Q)(1 – 𝛼)] – (cr + w) 
 

= [ p + gr – cr – w + (s’ – r – lr)G1] – F(Q) [ p + gr + (s’ – r – lr)G1] + 
wF(Q) – wF(Q – 𝛼Q)(1 – 𝛼) + bF(Q – 𝛼Q)(1 – 𝛼) 

 
= [ p + gr – cr – w + (s’ – r – lr)G1] – F(Q)[ p + gr – w + (s’ – r – lr)G1]  

  – (w – b)F(Q – 𝛼Q)(1 – 𝛼) 
 
!!!!
!!!  = – f(Q)[ p + gr – w + (s’ – r – lr)G1] – f(Q – 𝛼Q)(1 – 𝛼)2(w – b) 
 
From the expression of !

!!!
!!!

, it is noted the second component is negative (due to w > 
b). Hence, the following two cases will be considered; 
 
First, if p + gr – w + (s’ – r – lr)G1 > 0, in this situation !

!!!
!!!

 < 0, and hence, !!!
!!

 is 
decreasing with respect to Q. 
 
• At Q = 0:  !!!

!!
 = p + gr – cr – w + (s’ – r – lr)G1 

• When Q => ∞: !!!
!!

 = [p + gr – cr – w + (s’ – r – lr)G1] – [p + gr – w + (s’ – r  
    –lr)G1] – (1 – 𝛼)(w – b) 
 
         = – cr – (1 – 𝛼)(w – b) < 0 

 
So, if p + gr – cr – w + (s’ – r – lr)G1 ≤ 0, !!!

!!
≤ 0  ∀𝑄 ≥ 0. Hence, the optimal value 

Q!∗= 0, i.e., the supply chain does not exist. Therefore, Q!∗ will exist only when 
 
p + gr – cr – w + (s’ – r – lr)G1 >  0 
 
And Q!∗ will be the unique solution of the equation !!!

!!  = 0. This solution can be found 
by using bisection method. 
 
It is noted that G1 can be 1, so for the condition p + gr – w + (s’ – r – lr)G1 > 0 to 
always hold true, we must have 
 
p + gr – w + s’ – r – lr   > 0 
 
Also, r can reach p, and hence, the parameters should be set such that 
 
gr – w + s’ – lr    > 0 
 
gr      > w + lr – s’ 
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Secondly, if p + gr – w + (s’ – r – lr)G1 < 0. It can be seen from the expression of !!!
!!

 

that !!!
!!

 < 0 ∀𝑄, and hence, Q!∗ = 0 that is unacceptable. From the above analysis, we 
see that the following condition should hold 
 
gr      > w + lr – s’ 
 
After the critical conditions are analyzed in centralized and decentralized systems. 
Thus, some critical assumptions of the numerical experiment are as follow: 
 
Forward supply chain 

 
• w > cm    otherwise the manufacturer cannot make profit 
 
• p > cr + w   otherwise the retailer cannot make profit 
 
Backward supply chain 

 
• s’ > lr    otherwise it may not reasonable for the retailer  

to take the return products 
• s < cr + cm   otherwise the supply chain’s profit will become  

infinity 
• lm < s    otherwise it may not reasonable for the  

manufacturer to take the return products 
Other conditions 
 
• gm + gr + s > cr + cm + lr so as to make a positive profit in the centralized  

system  
• gr + s’ > cr + w + lr  in order to make positive profit in decentralized 

system  
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CHAPTER 4 
 

NUMERICAL EXPERIMENTS 
 
Numerical experiments will be conducted based on composite contract that composes 
of buy back and quantity flexibility contracts in order to analyze trend of the supply 
chain’s profit according to variation of some parameters by using MatLab. 
 
The demand is assumed to be a uniform random variable, which takes the value 
between [𝛾-n, 𝛾+n]. Moreover, customer valuation (v) is uniform distributed over       
[-20,1000]. Next, c0 will also be varied over [0,100] because the customers must want 
to get some money after return the products. Therefore, the probability for customer 
to return the product can be derived as G1 = !!!!!(!!")

!"""!(!!")
 with the condition c0 - 20 ≤ r ≤ 

c0 +1000. 
 
Other model’s parameters are as follow: 
 

- 𝛾	  = 200 
- 𝑛 = 200 

	   Retailer: 
- p = 200 
- r ~ [0,p] 
- lr = 5 
- gr = 20 
- cr = 40 
- s’ = 15 

 Manufacturer: 
- w = 45 
- gm = 20 
- cm = 10 
- lm = 5 
- s = 20 

 
Contract 
- b = 30 
- 𝛼 ~[0,1] 
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4.1 Effect of percentage that manufacturer will credit for refund with uniformly 
distributed demand 
 
Results from varying the percentage that manufacturer will credit for refund are 
shown in Tables 4.1 to 4.4 and Figures 4.1 to 4.4. Assume r = 1*p, and c0 = 20. 

 
Figure 4.1 Supply chain’s profit in centralized and decentralized systems at 
different percentage that manufacturer will credit for refund 
 
Table 4.1 Supply chain’s profit in centralized and decentralized systems at 
different percentage that manufacturer will credit for refund 

Alpha (𝛼) Supply chain’s profit in 
centralized system 

Supply chain’s profit in 
decentralized system 

Supply chain’s 
efficiency 

0 16728.309 15805.618 94.48 
10 16728.309 15925.300 95.19 
20 16728.309 16036.671 95.86 
30 16728.309 16139.733 96.48 
40 16728.309 16234.485 97.04 
50 16728.309 16300.096 97.44 
60 16728.309 16341.239 97.68 
70 16728.309 16380.305 97.91 
80 16728.309 16399.059 98.03 
90 16728.309 16417.294 98.14 
100 16728.309 16435.009 98.24 

 
From the Table 4.1, it can be observed that the supply chain’s profit in the 
decentralized system is always lower than the supply chain’s profit in the centralized 
system at every percentage for full refund. The values of the supply chain’s profit in 
centralized system are stable at every percentage for full refund because the supply 
chain’s profit function in centralized system does not depend on variable Alpha (𝛼). 
Besides, the supply chain’s profit in the decentralized system gradually increases 
from the zero percentage for full refund to full credit refund because the retailer has 
more incentive to order to the manufacturer, and the retailer can also sell more 
products. 
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Figure 4.2 Manufacturer’s profit in centralized and decentralized systems at 
different percentage that manufacturer will credit for refund 
 
Table 4.2 Manufacturer’s profit in centralized and decentralized systems at 
different percentage that manufacturer will credit for refund 

Alpha (𝛼) Manufacturer’s profit in 
centralized system 

Manufacturer’s profit in 
decentralized system 

0 9463.606 7754.356 
10 9068.564 7604.759 
20 8715.105 7467.469 
30 8403.230 7344.692 
40 8132.938 7238.704 
50 7904.229 7130.675 
60 7717.104 7027.058 
70 7571.562 6951.852 
80 7467.604 6888.094 
90 7405.229 6856.401 
100 7384.437 6857.437 

 
From the Table 4.2, the manufacturer’s profit in centralized system is always higher 
than the manufacturer’s profit in decentralized system at every percentage for full 
refund. The trend of both systems is nearly the same by gradually decreased from zero 
percentage for full refund until full credit for full refund. However, the 
manufacturer’s profit in decentralized system at full credit refund is slightly increased 
from ninety percent for refund because the difference of income when Alpha is 
changed from 90 percent to 100 percent is higher than the cost when Alpha is changed 
from 90 percent to 100 percent. Therefore, the manufacturer’s profit at full credit 
refund is higher than manufacturer’s profit at 90 percent for refund. 
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Figure 4.3 Retailer’s profit in centralized and decentralized systems at different 
percentage that manufacturer will credit for refund 
 
Table 4.3 Retailer’s profit in centralized and decentralized systems at different 
percentage that manufacturer will credit for refund 
 

Alpha (𝛼) Retailer’s profit in centralized 
system 

Retailer’s profit in 
decentralized system 

0 7264.703 8051.262 
10 7659.745 8320.541 
20 8013.204 8569.202 
30 8325.079 8795.041 
40 8595.371 8995.781 
50 8824.080 9169.421 
60 9011.205 9314.181 
70 9156.747 9428.453 
80 9260.705 9510.965 
90 9323.080 9560.893 
100 9343.872 9577.572 

 
From the Table 4.3, the retailer’s profit in decentralized system is always higher than 
the retailer’s profit in centralized system. Next, the retailer’s profits in both systems 
are slightly increased from zero percentage for full refund until full refund because 
the retailer has an incentive to order more when the manufacturer offers higher 
percentage of refunding. 
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Figure 4.4 Order quantity in centralized and decentralized systems at different 
percentage that manufacturer will credit for refund  
 
Table 4.4 Order quantity in centralized and decentralized systems at different 
percentage that manufacturer will credit for refund  
 

Alpha (𝛼) Order quantity in centralized 
system 

Order quantity in decentralized 
system 

0 333 273 
10 333 277 
20 333 281 
30 333 285 
40 333 289 
50 333 292 
60 333 294 
70 333 296 
80 333 297 
90 333 298 
100 333 299 

 
From the Table 4.4, the order quantity in centralized system is always higher than the 
order quantity in decentralized system. The value of the order quantity in centralized 
system is always constant when vary the value of Alpha because the function of order 
quantity in centralized system does not depend on Alpha. However, the value of order 
quantity of decentralized system is gradually increased when the percentages for full 
refund increases until full refund. 
 
As a result, when the value of Alpha is varied, it has a positive relation with the 
retailer’s profit function in both systems because the retailer has an incentive to order 
more from the manufacturer when he received the higher percentages for refund. 
 
On the other hand, the manufacturer’s profit function in both systems has a negative 
relation with the value of percentage that manufacturer will credit for full refund 
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because the manufacturer has to pay higher when the percentage of the full refund is 
increased. 
 
Lastly, the supply chain’s profit comes from combining the profit of the manufacturer 
and the retailer together. In fact, the trend of the supply chain’s profit will follow the 
trend of the retailer because the retailer’s profit has higher proportion than the 
manufacturer’s profit. 
 
In addition, the efficiency of the supply chain which is defined as the ratio between 
supply chain’s profit in decentralized system and supply chain’s profit in centralized 
system is the highest, 98.24%, when the value of percentage that manufacturer will 
credit for full refund is equal to 100%, and the lowest, 94.48%, when the value of 
percentage that manufacturer will credit for full refund is equal to 0. 
 
4.2 Effect of unit return cost of customer with uniformly distributed demand 
 
Next, the effect of unit return cost will be analyzed. Assume r = 1*p and 𝛼 = 100 for 
further analysis, the results are presented in Tables 4.5 to 4.8 and Figures 4.5 to 4.8 
below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.5 Supply chain’s profit in centralized and decentralized systems at 
different unit return cost of customer 
 
Table 4.5 Supply chain’s profit in centralized and decentralized systems at 
different unit return cost of customer 

 
 

c0 
Supply chain’s profit in 

centralized system 
Supply chain’s profit in 

decentralized system 
Supply chain’s 

efficiency 
0 16004.749 15685.576 98.00 
20 16782.309 16435.009 97.93 
40 17452.660 17168.338 98.37 
60 18177.711 17903.240 98.49 
80 18903.435 18639.604 98.60 
100 19629.804 19377.318 98.71 
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From the Fig.4.5, the supply chain’s profits in both systems have the same trend 
pattern. The lowest point of the supply chain’s profit is when the unit cost return of  
customer equal to 0. Next, the profit of the supply chain will be increased when the 
unit cost return of customer increases. Therefore, the supply’s chain profit have a 
positive relation with the unit return cost of customer. 
 

 
Figure 4.6 Manufacturer’s profit in centralized and decentralized systems at 
different unit return cost of customer  
 
Table 4.6 Manufacturer’s profit in centralized and decentralized systems at 
different  unit return cost of customer  
 

c0 
Manufacturer’s profit in 

centralized system 
Manufacturer’s profit in 

decentralized system 
0 7357.437 6804.000 
20 7384.437 6857.437 
40 7397.750 6892.437 
60 7410.937 6926.937 
80 7424.000 6960.937 
100 7436.937 6994.437 

 
From the Fig.4.6, the manufacturer’s profits in both systems have the same pattern 
that is positive relation with the unit cost return of customer. When unit cost return of 
customer increases, the manufacturer’s profit will be increased. 
 
 

6700	  

6900	  

7100	  

7300	  

7500	  

0	   20	   40	   60	   80	   100	  

Pr
of

it 

Unit cost return of customer(c0) 

Manufacturer's	  pro;it	  in	  centralized	  system	  

Manufacturer's	  pro;it	  in	  decentralized	  system	  



	   23	  

 
Figure 4.7 Retailer’s profit in centralized and decentralized systems at different 
unit return cost of customer 
 
Table 4.7 Retailer’s profit in centralized and decentralized systems at different 
unit return cost of customer  
 

c0 
Retailer’s profit in centralized 

system 
Retailer’s profit in 

decentralized system 
0 8647.312 8881.576 
20 9343.872 9577.572 
40 10054.910 10275.901 
60 10766.773 10976.303 
80 11479.435 11678.667 
100 12192.866 12382.881 

 
 
From Fig.4.7, the retailer’s profit has the positive relation with the unit cost return of 
customer. The lowest profit of retailer is when the unit cost return of customer is 
equal 0. After that, it will be increased when the unit cost return of customer 
increases. 
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Figure 4.8 Order quantity in centralized and decentralized systems at different 
unit return cost of customer  
 
Table 4.8 Order quantity in centralized and decentralized systems at different 
unit return cost of customer  
 

c0 
Order quantity in centralized 

system 
Order quantity in decentralized 

system 
0 331 296 
20 333 299 
40 334 301 
60 335 303 
80 336 305 
100 337 307 

 
From Fig.4.8, the order quantity of both systems has the positive relation with the unit 
cost return of customer. When the unit cost return of customer increases, the order 
quantity will be increased. 
 
As a result, the whole supply chain’s profit, manufacturer’s profit, retailer’s profit, 
and order quantity in the both systems have a positive relation with the unit cost 
return of customer because the unit cost return of customer have a directly effected to 
the return probability. The probability of returning item will be low when the cost of 
returning is high. On the other hand, when the unit cost return of customer is low, the 
probability of returning item will be high. However, it should be noted that, this 
parameter is uncontrollable factor by the supply chain members. 
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4.3 Effect of refund amount with uniformly distributed demand 
 
Next, the effect of refund amount will be analyzed. Assume 𝛼 = 100, and c0=20 for 
further analysis, the results are presented in Tables 4.9 to 4.12 and Figures 4.9 to 4.12 
below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4.9 Supply chain’s profit in centralized and decentralized systems at 
different refund amount 
 
Table 4.9 Supply chain’s profit in centralized and decentralized systems at 
different refund amount 
 

Refund 
amount 

Supply chain’s profit in 
centralized system 

Supply chain’s profit in 
decentralized system 

Supply chain’s 
efficiency 

0% 23999.993 23810.775 99.21 
10% 23961.574 23773.207 99.21 
20% 23769.477 23570.080 99.16 
30% 23432.907 23221.335 99.09 
40% 22924.822 22729.484 99.14 
50% 22272.631 22061.842 99.05 
60% 21467.500 21245.435 98.96 
70% 20509.883 20281.409 98.88 
80% 19400.346 19154.743 98.73 
90% 18139.531 17866.331 98.49 
100% 16728.309 16435.009 98.24 

 
From Fig.4.9, the supply chain’s profit in both systems is decreasing in refund 
amount. The highest profit of the supply chain is when the refund amount is equal to 
zero percentage. Later on, the profit of the supply chain is dramatically decreased 
when the percentage of refund increases 
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Figure 4.10 Manufacturer’s profit in centralized and decentralized systems at 
different refund amount 
 
Table 4.10 Manufacturer’s profit in centralized and decentralized systems at 
different refund amount  
 

Refund amount 
Manufacturer’s profit in 

centralized system 
Manufacturer’s profit in 

decentralized system 
0% 7511.937 7169.750 

10% 7511.937 7169.750 
20% 7511.937 7154.437 
30% 7499.750 7154.437 
40% 7499.750 7139.000 
50% 7487.437 7107.750 
60% 7475.000 7076.000 
70% 7449.750 7043.750 
80% 7436.937 6994.437 
90% 7410.937 6926.937 
100% 7384.437 6857.437 

 
 
From Fig.4.10, it can be observed that the trend of the graph of manufacturer’s profit 
in both systems decrease less than the graph of supply chain’s profit. This is because 
the manufacturer has nothing to do with the returned items, and they will be salvaged 
and managed by the retailer. The reason why the profit of manufacturer is reduced at 
high percentage of refund amount is because the retailer orders less when the 
percentage of refund amount increases. 
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Figure 4.11 Retailer’s profit in centralized and decentralized systems at different 
refund amount  
 
Table 4.11 Retailer’s profit in centralized and decentralized systems at different 
refund amount  
 

Refund amount 
Retailer’s profit in centralized 

system 
Retailer’s profit in 

decentralized system 
0% 16488.056 16641.025 

10% 16449.636 16603.457 
20% 16257.540 16415.643 
30% 15924.157 16077.898 
40% 15425.193 15590.484 
50% 14785.193 14954.092 
60% 13992.500 14169.435 
70% 13060.133 13237.659 
80% 11963.409 12160.306 
90% 10728.593 10939.393 
100% 9343.872 9577.572 

 
From Fig.4.11, the graph of retailer’s profit in both systems has negative relation with 
the refund amount as the supply chain’s profit. The profit of retailer is dramatically 
decreased because they have to handle the returned items. Therefore, if they offer 
high percentage of refund to the customer, they will gain less profit. 
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Figure 4.12 Order quantity in centralized and decentralized systems at different 
refund amount 
 
Table 4.12 Order quantity in centralized and decentralized systems at different 
refund amount  
 

Refund amount 
Order quantity in centralized 

system 
Order quantity  in decentralized 

system 
0% 343 318 

10% 343 318 
20% 343 317 
30% 342 317 
40% 342 316 
50% 341 314 
60% 340 312 
70% 338 310 
80% 337 307 
90% 335 303 
100% 333 299 

 
From Fig.4.12, the order quantity of both systems is slightly decreased when the 
refund amount increases. Then, the order quantity has the negative relation with the 
refund amount. 
 
As a result, it can be observed from the retailer’s profit that, initially, the retailer’s 
profit is the highest at zero percentage of refund. Afterwards, the retailer’s profit is 
dramatically decreased when the percentage of refund increases. This situation occurs 
because the amount of items returned is a part of the demand. When the refund 
amount increases, the probability of returning items also increases. Consequently, the 
handling returned cost overcomes the profit gained. Then, the retailer’s profit declines 
when the refund amount is too high. 
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However, the manufacturer’s profit is decreased less than the retailer’s profit, 
although the rate of refund amount increases. This is because they do not have to 
handle the returned items. The reason why the profit of manufacturer decline is 
because the retailer orders less when the refund amount is high. 
 
Lastly, the whole supply chain’s profit can be obtained by combining the retailer and 
manufacturer profit together. Therefore, the trend of the supply chain’s profit will be 
followed the trend of retailer’s profit. 
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CHAPTER 5 
 

CONCLUSIONS AND RECOMMENDATIONS 
 

This thesis studies supply chain contract in a supply chain that offers a return policy 
with a make-to-order environment. The mathematical models that are formulated in 
this thesis can be divided into two parts. First, a centralized system model is 
formulated that assumes the manufacturer and the retailer are same organization. The 
profit in the centralized system is optimal and can be used as a benchmark. Another 
model is a decentralized system model that calculates the profits of the retailer and the 
manufacturer separately. The composite contract that composes of buy back and 
quantity flexibility contracts is implemented to be a coordination mechanism in the 
decentralized model. The efficiency of the supply chain is calculated in order to 
measure how the composite contract can coordinate the supply chain. 
 
Numerical experiments are conducted in the make-to-order environment with 
centralized and decentralized systems. From the experiments, it can be concluded that 
the highest efficiency of the supply chain is achieved when the percentage that 
manufacturer will credit for full refund equal to 100, unit return cost of customer 
equal to 100, and refund amount equal to 0%. Also, the lowest efficiency of the 
supply chain is achieved when the percentage that manufacturer will credit for full 
refund equal to 0, unit return cost of customer equal to 0, and refund amount equal to 
100%. Besides, the retailer’s profit in the decentralized system always higher than the 
retailer’s profit in centralized system. Therefore, the retailer usually wants to apply 
the contract. On the other hand, the manufacturer’s profit in decentralized system 
always lower than the manufacturer’s profit in centralized system. Thus, the 
manufacturer might not aspire to implement the contract. The reason why the profit of 
the manufacturer’s profit in decentralized system cannot reach that of centralized 
system but the retailer’s profit in the decentralized system is higher than that of the 
centralized system is due to the profit allocation between retailer and manufacturer. 
 
For the refund amount, it can be observed that this parameter directly affect to the 
retailer’s profit in both systems. This is because the retailer is the only one who has to 
pay the refund amount back to the customers. Therefore, when the retailer offers high 
percentage of refund, they have to pay more refund amount. On the other hand, the 
manufacturer’s profit is same what stable when the refund amount is varied. It may be 
because the manufacturer has nothing to do when the customers return the product. 
As a result, the supply chain’s profit is dramatically decreased because of the 
retailer’s profit decreases. 
 
For future research works, the proposed composite contract can be investigated more 
related to the profit allocation. If the retailer offers to share part of their profit to the 
manufacturer, the manufacturer may consider to sign the contract with the retailer. 
Furthermore, there still exist many types of supply chain contract that did not use in 
this thesis and may have a better result. 
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APPENDIX 
 
APPENDIX A: MATLAB code for numerical experiment 
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