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ABSTRACT 

 

The model built and described in this research is to coordinate a three-stage single period 

decentralized supply chain which consists of a manufacturer, a distributor and a retailer 

as the supply chain members. At the beginning of the planning period, the retailer places 

an order to the distributor with unrealized demand. Based on the information obtained 

from the retailer, the distributor decides the quantity to be ordered from the manufacturer. 

At the beginning of the selling season, manufacturer satisfies the order of the distributor 

so that the retailer’s order can be fulfilled. With the realized demand, the retailer then 

decides whether or not to order more from the distributor. The distributor may or may not 

be able to satisfy this additional order of the retailer. However if the distributor could 

satisfy, the additional order will be given to the retailer at a higher unit price than usual. 

The distributor – retailer stage is coordinated with a revenue sharing contract, where the 

distributor agrees to sell the initial order at a less unit price, but in return a certain 

percentage of the retailer’s profit will be given to the distributor. If at the end of the selling 

season, the distributor has excess units, the manufacturer is bounded to buy back all the 

excess units, as the manufacturer – distributor stage is coordinated with a buyback 

contract. This will encourage the distributor to order more, so that the risk of shortage at 

the end of the selling season is reduced. As the retailer is more likely to place additional 

order with the realized demand, the distributor can decide to order more than the 

requirement, without hesitation as the excess inventory can be sold back to the 

manufacturer even though the unit buy back price will be less than the unit price he 

purchased from the manufacturer. Mathematical models for these contracts are built and 

analyzed to identify the optimal order quantities and the coordination conditions. 

Numerical experiments are also conducted to check the effects of the contract parameters 

on other variables and to identify the best possible contract parameter values which can 

lead to a win-win situation.  

 

Keywords: Supply chain, Contracts, Buyback, Revenue sharing, Three-stage 

coordination  
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CHAPTER 1 

INTRODUCTION 

 

1.1 Background of the study 

 

The key goal of any supply chain is to provide the right product at the right time to the 

right place with the right price and right cost. To do so, supply chain management is an 

important issue in almost all the industries. If not managed properly, not only the supply 

chain members lose their profits but also it will give a negative image for the brand among 

their customers. The supply chain is controlled by a unique decision maker in a 

centralized / integrated supply chain or by several independent decision makers in a 

decentralized supply chain. Managing a centralized supply chain is much easier than 

decentralized one, but most of the supply chains exist today are decentralized. According 

to Chen and Bell (2011), the main problem of decentralized supply chains is that, each 

supply chain member trying to maximize their own profits, which leads to a phenomenon 

called ‘double marginalization’. Double marginalization can imbalance the supply chain 

drastically. Therefore, to mitigate this phenomenon, channel coordination is highly 

required. Supply chain contracts become the main mechanism for such channel 

coordination. Giannoccaro and Pontrandolfo (2002) claimed that, in order for the supply 

chain members to make their minds to use contracts, using of contracts should increase 

the profit of each member in comparison to the profits they obtain without the contracts. 

Therefore, the usage of appropriate contract with proper optimization guarantees the 

coordination of the supply chain which leads to win-win situations.  

 

Throughout the years, many research works have been done on developing appropriate 

supply chain contract models for different situations. Usually, a contract should provide 

the details on material flow, information flow and financial flow. Newsvendor model is 

considered as the building block for the supply chain contracts when making decisions 

related to order quantities when the demand is stochastic. This model implies the situation 

of a newspaper vendor, where he is supposed to decide the amount of the newspapers to 

order without knowing the exact copies that will be sold, but knowing that the unsold 

copies will be useless at the end of the day. There are several widely used contract types, 

namely, buyback (returns policy), revenue sharing, quantity flexibility, options, etc.  

 

1.2 Statement of the problem  

 

Many research works have been done on analyzing various contract types for two-stage 

supply chains. Some are based on practical situations and some are theoretical. Wang 

(2002), Chen and Bell (2011), Wang and Benaroch (2004), Hou et.al (2010), Xiong et.al 

(2011) and Giannoccaro and Pontrandolfo (2002) are some of the authors who have 

proposed various contract types for various applications. Details of their works are given 

in the next chapter.  

 

When think of the real life industries, supply chains are not limited to two stages in most 

of the situations. Therefore coordinating a multi stage supply chain could be more realistic 

and at the same time more challenging. Giannoccaro and Pontrandolfo (2002) has done 

an interesting and much different work, where they have developed two different revenue 

sharing contracts to coordinate a three-stage supply chain with stochastic demand. 

Coordinating a three-stage supply chain which consists of manufacturer, distributor and 

a retailer is much more complicated than coordinating a two-stage supply chain as it 
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requires two contract types which can be integrated for channel coordination. The main 

objective of this research work, according to the authors, is to design revenue sharing 

mechanisms to achieve coordination of the channel. The second objective is identifying 

contract parameters to share the profit evenly among supply chain members. This research 

direction is an interesting and useful area to work on. However, the authors have not given 

the reasons behind selecting the similar contract type to coordinate both relationships (i.e; 

manufacturer to distributor and distributor to retailer). Therefore, it can be worth to think 

of using two different types of contract to coordinate the two relationships. Keeping that 

in mind and from the motivation of the work done by Giannoccaro and Pontrandolfo 

(2002), a new research area could be: developing buyback and revenue sharing contracts 

to coordinate a three-stage supply chain with stochastic demand.  

 

The idea of the new research direction is shown in the following figure. 

 

 

 

 

  

 

 

 

 

 

 

Figure 1.1: Rough idea of the model 

 

1.3 Objectives of the Research 

 

Developing buyback and revenue sharing contract models to coordinate a three-stage 

supply chain with stochastic demand is the main goal of this research work.  

The relationship between the manufacturer and the distributor will be coordinated through 

a buyback contract; while the relationship between the distributor and the retailer will be 

coordinated through a revenue sharing contract. 

   

The contract parameters will be examined to check its coordination as well as profit 

sharing abilities.  

 

1.4 Scope and limitations 

 

1) The model will be analyzed from the distributor’s perspective only. 

2) The research deals only with a three-stage single period supply chain which consists 

of one manufacturer, one distributor and one retailer.  

3) The demand follows a uniform distribution. 

t1 
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(Production lead time) 

 

 

t2 

Selling Season 

t3 

Distributor places 

the order with 

uncertain demand to 

the manufacturer 

Retailer purchases 

with realized 

demand from the 

distributor 

End of the 

selling 

season 
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1.5 Methodology flow chart 

 

The methodology which will be used in conducting this research is given in the following 

flow chart.  

                                               

 

 

 

  

 

 

  

 

 

 

 

 

 

 

 

  

 

 

Figure 1.2: Methodology flow chart 
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CHAPTER 2 

LITERATURE REVIEW 

 

This chapter consists of background information related to supply chain contract models. 

There are plenty of works published related to the said topic. Some works are focused on 

a specific contract type while some works compare or combine several contract types. 

The first sub section of this chapter is dedicated for the description of different contract 

types. The following section includes literature related to complicated and practical 

applications of contract models, which provided the motivation for this research work.  

 

2.1 Supply chain contract types which are widely used 

 

Buy Back Contract (Returns Policy)  

The retailer is allowed to sell back the unsold goods to the manufacturer for a rebate credit 

less than the whole sale unit price, at the end of the selling season.  

 

Revenue Sharing Contract  

The basic idea of this contract is that, the supplier provides a unit whole sale price lower 

than his unit marginal cost to the buyer, but in return the buyer should pay a quota of his 

revenue to the supplier. Salvage revenue buyer earns, is also considered when sharing the 

revenue.  

 

Quantity Flexibility Contract 

The quantity flexibility contract and the buyback contract may seem similar at first sight 

as they differ from a little change. QF or quantity flexibility contracts provide a full 

protection for a partial of unsold items. Means, the manufacturer buys back a certain 

percentage of unsold items from the retailer to the same price he sold them. Also when 

building quantity flexibility contracts, the buyer’s demand distribution is needed to be 

considered, where in buy back, coordination is independent from the demand distribution. 

 

Options Contract 

The buyer is allowed to buy options for an option price on the time he places an order at 

the supplier. These options can be used to make upward or downward adjustments to the 

order. If the buyer wants to make an upward adjustment, he should use call options where 

he is allowed to order more from the supplier by exercising the options. Similarly if the 

buyer wants a downward adjustment, he should have put options where he can sell back 

the excess of order to the supplier. Only a unit can be transferred with a single option and 

a price namely, exercise price should be paid if an option is used/exercised. These 

contracts can be mono- directional or bi- directional. Means, a buyer can buy either call 

options or put options or both depending on the requirements and conditions of the 

contract.  

 

Price Protection Contract  

When single period returns policy becomes multi period, it is known as price protection 

contract. Means the buyer is allowed to return unsold goods at different periods which are 

previously fixed.  
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Sales-Rebate Contract 

The buyer could purchase the order for a per unit wholesale price, also if he could sell the 

goods above a fixed threshold value, then the supplier is bounded to pay a per unit rebate 

to the buyer.  

 

Wholesale Price Contract 

As the name gives the idea, using this contract, the buyer can procure the order for a per 

unit wholesale price. This is the most simple of all the contract types and this concept is 

being used in most other contract types given above. The reason for the existence of other 

contracts given above is, lack of coordination capability of wholesale price contract alone.  

 

2.2 Literature related to applications of supply chain contract models 

 

Supply chain contract models play a main role when it comes to the coordination and 

proper management of a decentralized supply chain. The model types can be vary with 

the background of the application. Different research works have been carried out 

throughout the years in this field. Summary of some related work are given in this section.  

 

Wang (2002) has given a general framework that could be modified into a variety of 

supply chain contract forms, by changing the parameters as required. To do so, a general 

two-period supply chain contract model has been proposed by the author and the model 

has been optimized for channel coordination. The author has mentioned some drawbacks 

of the existing contract types. Some are as follows; even when the buyer identifies the 

realized demand at the very beginning of the selling season, with buyback contracts we 

cannot make any adjustment after the order has been placed. The problem of price 

protection contract is that neglecting the correlation of the demand of multi periods. 

Further, a very unrealistic assumption is made in quantity flexibility, backup agreement 

and options contracts; where the retail price is taken as a fixed value. The author has 

shown that all these problems could be overcome by the proposed general model.  

 

Another research work has been done by Chen and Bell (2011) where they have used a 

buy back contract with two rebate credits to coordinate a supply chain. According to the 

authors, not only the excess of the order (unsold goods) but also the customer returns can 

be an aggregating issue to the buyer. Hence, they have proposed a model by which both 

excess and customer returned goods can be sold back to the manufacturer for two different 

rebate credits. The rebate credit assigned for returned goods is higher than the rebate 

credit for unsold items. However details of the returned goods should be shown to the 

manufacturer by the retailer when selling back as a precaution for possible misuse of the 

contract. The authors claim that this contract model could coordinate the supply chain in 

a better way, with a side arrangement to share the total profit of the supply chain between 

the retailer and the manufacturer. 

 

Wang and Benaroch (2004) has shown that supply chain coordination in business-to-

business (B2B) electronic market (EM) is also necessary as there exists double 

marginalization phenomenon in EM as in traditional market (TM). Therefore, the authors 

have proposed a return policy model for a buyer centric EM and have shown that the 

model can coordinate the supply chain and give win-win situation for both parties. Also, 
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the authors have analyzed the supplier’s and buyer’s decisions to enter to the EM using 

single period newsvendor models and have identified that it depends on the revenue 

structure of the EM owner. Further, they have given possible situations where the supplier 

tends to enter to EM with or without the premium paid by the buyer.  

 

A buyback contract model has been developed by Hou et.al (2010) to coordinate the 

supply chain between a buyer and a backup supplier, under the situation where the main 

supplier experiences supply disruptions. Supply disruptions can be due to various reasons 

but here, the authors have considered only the disruption due to the variations of the 

delivered quantity. A sequential optimization process has been used by the authors when 

deriving the profit functions and optimal parameters for the decision variables. Further, 

the results could show that the supply uncertainty and demand uncertainty both can lead 

to different strategies of optimization of the buyer’s order quantity and the backup 

supplier’s return price.  

 

Xiong et.al (2011) have done a different and complicated research work; a composite 

contract (CP) model have been proposed using buy back and quantity flexibility contracts. 

The model is for a two-stage supply chain and has three parameters the whole sale price 

(w), the fraction of returns under the quantity flexibility contract (α) and the buyback 

credit (b). The CP model is as follows; the retailer can return up to αq units of unsold 

items to the manufacturer for a full per unit credit equals to w, and the remaining (if any) 

can be sold back to a partial rebate credit equals to b. The authors have shown that the 

composite contract model can coordinate the supply chain in any situation where one of 

the basic contracts (QF or BB) can. Also the authors have shown that the CP model is 

more flexible for profit and risk allocations than the two basic contract types.  

 

An interesting research work has been done by Giannoccaro and Pontrandolfo (2002). 

While most of the research work is focused on two-stage supply chain, these authors have 

built revenue sharing contract models to coordinate a three-stage supply chain. The first 

revenue sharing contract model is offered to the retailer by the distributor in which, the 

distributor sells for a lower wholesale unit price than his unit marginal cost with expecting 

a (1- ∅𝐴) share of revenue from the retailer in exchange. Similarly, the second revenue 

sharing contract is between the manufacturer and the distributor, where the manufacturer 

provides for a lower wholesale unit price than his unit marginal cost and in exchange 

expects a (1- ∅𝐵) share of distributor’s revenue. The authors have shown that an 

integration of these two models can give channel coordination as both retailer and the 

distributor are capable to select optimal order quantities. Also the authors have conducted 

numerical analysis of this model to show that all the supply chain members can improve 

their profits and achieve win-win situations by using the proposed model.  

 

The motivation to my research work given in this report has been obtained by this work 

of Giannoccaro and Pontrandolfo (2002). As in that literature, my model will also be used 

to coordinate a three-stage supply chain. However, unlike in that literature, two various 

types of contract models will be used in this work. The first model between the distributor 

and the retailer will be a revenue sharing contract model but the second model between 

the manufacturer and the distributor will be a buy back contract.  
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Similar work have been done by He and Zhao (2012). They have monitored a 

coordination of three echelon supply chain when both supply and demand are uncertain. 

The supply chain members are, raw material supplier (whose yield is uncertain due to 

climate and other environmental factors), manufacturer and a retailer (who places orders 

with an uncertain demand). The authors could show that in such situation, wholesale price 

contracts cannot coordinate the supply chain when only that contract type is used. Further 

they have shown that a better coordination for such situation can be achieved when a 

proper buyback contract is used between the manufacturer and the retailer while using a 

wholesale price contract between the supplier and the manufacturer. This work is much 

similar to the selected thesis area, as unlike in Giannoccaro and Pontrandolfo (2002), 

these authors have used two different contract types to coordinate the channels. Yet, the 

proposed model will use a buyback contract and a revenue sharing contract, instead of 

buyback and wholesale contracts used by He and Zhao (2012). Even though the supply 

chain members in this literature are supplier, manufacturer and a retailer; the proposed 

model is for a supply chain consists of a manufacturer, distributor and a retailer.  

 

Seifert et.al (2012) have done another research on a three-echelon supply chain 

coordination. In this work, the authors have used price only contract and sub-supply chain 

coordination mechanism to coordinate a three-stage supply chain consists of a supplier, 

manufacturer and a retailer. The authors could show that coordinating a three-echelon 

supply chain with price only contracts is not as easy as coordinating a two-echelon supply 

chain with price only contract. Therefore, the authors have come up with a new solution, 

to use the three-stage supply chain as a two-stage by coordinating the 

upstream/downstream members; known as sub-supply chain coordination or sub-

coordination.  They could show that it is more profitable to coordinate the upstream 

members (supplier and the manufacturer) than the downstream members (manufacturer 

and the retailer). Also they could show that, both the supplier and the retailer prefer to act 

alone than coordinating with the manufacturer as it is more profitable to them. This 

literature provides some interesting results to coordinate a three-stage supply chain but it 

is much different from the proposed thesis area, as sub-coordination will not be used; 

three-stage supply chain will not be broken down to a two-stage supply chain by using 

sub-coordination as in the proposed work.  
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CHAPTER 3 

MATHEMATICAL MODEL DEVELOPMENT 

 

3.1 Problem description 

  

This research is conducted on a single period three-stage supply chain using buyback and 

revenue sharing contracts. The following notations and assumptions are used throughout 

the research. 

C                        Manufacturer’s unit production cost 

p                         Retail price per unit 

S                         Salvage value per unit 

g                         Retailer’s unit shortage cost 

𝑞𝐴                       Order quantity from R to D 

𝑞𝐵                       Order quantity from D to M 

𝜔𝐴                      Unit price from D to R 

𝜔𝐵                      Unit price from M to D 

𝜔′𝐴                     Unit price from D to R for additional order 

Ø                        The percentage of the retailer’s revenue that the retailer 

keeps 

𝑟                        Buyback price per unit 

D                       Customer demand 

𝑓(𝐷)                 Probability density function (pdf) of D 

𝐹(𝐷)                 Cumulative distribution function (cdf) of D 

 

Assumptions:  

 𝜔𝐴
′  >  𝜔𝐴  

 𝜔𝐴
′ − 𝜔𝐴 < 𝑔  

 𝑆 < 𝑟 < 𝜔𝐵 

 𝑆 < 𝐶  

 D is uniformly distributed   
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Figure 3.1: Graphical representation of the described supply chain contract model 

 

In the considered three-stage supply chain, at the beginning of the planning period (t1), 

retailer places the order of 𝑞𝐴  to the distributor and then the distributor places an order of 

𝑞𝐵 to the manufacturer. The decision of 𝑞𝐴  is done by the retailer and the decision of 𝑞𝐵 

is done by the distributor. It is assumed that the distributor will not order less than what 

the retailer ordered as he already knows the order of the retailer. Therefore, 𝑞𝐵 

≥ 𝑞𝐴  condition is assumed.  

 

By t2 the manufacturer should satisfy the order of the distributor and the retailer will 

receive the order of 𝑞𝐴  units by the distributor at the beginning of the selling season (t2). 

Then depending on the realized demand, the retailer may decide whether or not to order 

more from the distributor.  

 

 

 

 

 

Figure 3.2: Time frame 

 

3.2 Possible cases regarding to demand and initial order quantity 

 

3.2.1 Case descriptions  

 

1) D < 𝑞𝐴 ≤ 𝑞𝐵  

 No need to order more 

 Total selling quantity = D 

 Salvage value at the retailer for (𝑞𝐴 – D ) units 

 Buyback at the distributor for (𝑞𝐵 - 𝑞𝐴  ) units  

 Salvage value at the manufacturer for (𝑞𝐵 - 𝑞𝐴  ) units  

 

2)  𝑞𝐴  ≤ D ≤ 𝑞𝐵  

 Additional order quantity = (D – 𝑞𝐴 ) units  

 Total selling quantity = D 

o 𝑞𝐴  units are purchased at 𝜔𝐴 

o (D – 𝑞𝐴 ) units are purchased at 𝜔′𝐴 

Manufacturer (M) 

Stage 3 

C 

Distributer (D) 

Stage 2 

 

Retailer (R) 

Stage 1 

 

𝜔𝐵 𝜔𝐴, ø, 𝜔′𝐴 

𝑞𝐵, r 𝑞𝐴 

Buy Back 

Contract 

Revenue Sharing 

Contract 

p, S, g 

D 

t1 

Planning Period 

t2 

Selling Season 
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 No salvage value at the retailer  

 Buyback at the distributor for (𝑞𝐵 − 𝐷) units  

 Salvage value at the manufacturer for (𝑞𝐵 − 𝐷) units  

 

3) 𝑞𝐴  ≤ 𝑞𝐵 < D 

 Additional order quantity  = (𝑞𝐵 - 𝑞𝐴  ) units  

 Total selling quantity = 𝑞𝐵 

o 𝑞𝐴  units are purchased at 𝜔𝐴 

o (𝑞𝐵 - 𝑞𝐴  ) units are purchased at 𝜔′𝐴 

 No salvage value at the retailer  

 No buyback at the distributor  

 Shortage cost at the retailer for (D - 𝑞𝐵) units 

 

3.2.2 Profit functions of each supply chain member for each case 

 

Case 1 

 

∏𝑅1 =  ø [(𝑝. 𝐷) +  (𝑆. 〈𝑞𝐴 − 𝐷〉)] −  𝜔𝐴. 𝑞𝐴 

∏𝐷1 = (1 − ø)[(𝑝. 𝐷) +  (𝑆. 〈𝑞𝐴 − 𝐷〉)] + 𝜔𝐴. 𝑞𝐴 − 𝜔𝐵. 𝑞𝐵  + 𝑟. (𝑞𝐵 −  𝑞𝐴) 

∏𝑀1 =  𝜔𝐵. 𝑞𝐵 – C . 𝑞𝐵 − (𝑟 − 𝑆). (𝑞𝐵 −  𝑞𝐴) 
  

Case 2 

 

∏𝑅2 =  ø (𝑝. 𝐷) −  𝜔𝐴. 𝑞𝐴 −  𝜔′
𝐴. (𝐷 −  𝑞𝐴) 

∏𝐷2 = (1 − ø) (𝑝. 𝐷) +  𝜔𝐴. 𝑞𝐴 +  𝜔′
𝐴. (𝐷 −  𝑞𝐴) −  𝜔𝐵. 𝑞𝐵 + 𝑟. (𝑞𝐵 −  𝐷) 

∏𝑀2 =  𝜔𝐵. 𝑞𝐵 – C . 𝑞𝐵 − (𝑟 − 𝑆). (𝑞𝐵 −  𝐷) 
 

Case 3 

 

∏𝑅3 =  ø (𝑝. 𝑞𝐵) − 𝜔𝐴. 𝑞𝐴 −  𝜔′
𝐴. (𝑞𝐵 −  𝑞𝐴) − 𝑔(𝐷 − 𝑞𝐵)  

∏𝐷3 = (1 − ø) (𝑝. 𝑞𝐵) +  𝜔𝐴. 𝑞𝐴 +  𝜔′
𝐴. (𝑞𝐵 − 𝑞𝐴)  − 𝜔𝐵. 𝑞𝐵   

∏𝑀3 =  𝜔𝐵. 𝑞𝐵 – C . 𝑞𝐵  

 

3.3 Formulating the general profit function for each member 

 

In this section, explicit expression of profit functions are taken into consideration; all 

possible cases will be derived. 

 

Assumptions:-   

 The manufacturer has enough capacity to fulfill any order of the distributor 

 Demand is stochastic 

 

Apart from the profit functions of the decentralized system, centralized system profit 

function is also considered, as it is required for the analysis of the supply chain 

coordination.  
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3.3.1 General profit function of the retailer 

 

In this part, a single retailer’s profit function is developed which can represent all the 

three scenario described in, ∏𝑅1 , ∏𝑅2 and ∏𝑅3.  

 

∏𝑅 =  ∅ {[𝑝. 𝑚𝑖𝑛(𝑞𝐵, 𝐷)] + 𝑆. 𝑚𝑎𝑥[𝑞𝐴 − 𝐷, 0]} −  𝜔𝐴. 𝑞𝐴

− 𝜔′
𝐴. 𝑚𝑎𝑥{𝑚𝑖𝑛[(𝐷 − 𝑞𝐴), (𝑞𝐵 − 𝑞𝐴)], 0}

− 𝑔. 𝑚𝑎𝑥[𝐷 − 𝑞𝐵, 0]                                                                                  (1)       

 

3.3.2 General profit function of the distributor 

 

In this part, a single distributor’s profit function is developed which can represent all the 

three scenario described in, ∏𝐷1 , ∏𝐷2 and ∏𝐷3.  

 

∏𝐷 =  (1 − ∅) {[𝑝. 𝑚𝑖𝑛(𝑞𝐵, 𝐷)] + 𝑆. 𝑚𝑎𝑥[𝑞𝐴 − 𝐷, 0]} +  𝜔𝐴. 𝑞𝐴

+ 𝜔′
𝐴. 𝑚𝑎𝑥{𝑚𝑖𝑛[(𝐷 − 𝑞𝐴), (𝑞𝐵 − 𝑞𝐴)], 0}

+ 𝑟. 𝑚𝑎𝑥{[𝑞𝐵 − 𝑚𝑎𝑥(𝑞𝐴, 𝐷)], 0} − 𝜔𝐵. 𝑞𝐵                                     (2) 

 

3.3.3 General profit function of the manufacturer 

 

In this part, a single manufacturer’s profit function is developed which can represent all 

the three scenario described in, ∏𝑀1 , ∏𝑀2 and ∏𝑀3.  

 

∏𝑀 =   𝜔𝐵. 𝑞𝐵 − 𝐶. 𝑞𝐵 − (𝑟 − 𝑆). 𝑚𝑎𝑥{[𝑞𝐵 − 𝑚𝑎𝑥(𝑞𝐴, 𝐷)], 0}                              (3) 

                 

3.3.4 Profit function of the centralized system 

 

When the decision making is done by a unique decision maker, the system is called 

‘centralized’. A centralized system is not controlled by different members hence 

coordination is not a problem because perfect coordination can be assured. Therefore, to 

benchmark the coordination ability in a decentralized supply chain, centralized supply 

chain profit function should be used.  

We have: 

 

∏𝐶 =  𝑝. [𝑚𝑖𝑛 (𝑞𝐶 , 𝐷)] +  𝑆. 𝑚𝑎𝑥(𝑞𝐶 − 𝐷, 0) –  𝐶. 𝑞𝐶 − 𝑔. 𝑚𝑎𝑥(𝐷 − 𝑞𝐶 , 0)       (4) 

 

In which, 

𝑞𝐶 - The order quantity that should be used in the chain as determined by a unique decision 

maker 

 

3.4 Expected profit function of each supply chain member 

 

The defined general profit functions in the above section are used to formulate the explicit 

expected profit function for each member. The detailed derivations are presented below.  
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3.4.1 Retailer’s expected profit function 

 

∏𝑅 (𝑞𝐴, 𝑞𝐵) =  ∫ ∏𝑅 . 𝑓(𝐷)𝑑𝐷

∞

0

 

 

∏𝑅 (𝑞𝐴, 𝑞𝐵) =  ∫{∅ {[𝑝. 𝑚𝑖𝑛(𝑞𝐵, 𝐷)] + 𝑆. 𝑚𝑎𝑥[𝑞𝐴 − 𝐷, 0]} −  𝜔𝐴. 𝑞𝐴

∞

0

− 𝜔′
𝐴. 𝑚𝑎𝑥{𝑚𝑖𝑛[(𝐷 − 𝑞𝐴), (𝑞𝐵 − 𝑞𝐴)], 0}

− 𝑔. 𝑚𝑎𝑥[𝐷 − 𝑞𝐵, 0]}. 𝑓(𝐷)𝑑𝐷 

 

∏𝑅 (𝑞𝐴, 𝑞𝐵) =  ∫ {ø [(𝑝. 𝐷) + 𝑆. (𝑞𝐴 − 𝐷)] − 𝜔𝐴. 𝑞𝐴}
𝑞𝐴

𝐷=0
. 𝑓(𝐷)𝑑𝐷 +  ∫ {ø (𝑝. 𝐷) −

𝑞𝐵

𝐷=𝑞𝐴

 𝜔𝐴. 𝑞𝐴 − 𝜔′
𝐴. (𝐷 − 𝑞𝐴)}. 𝑓(𝐷)𝑑𝐷   +     ∫ {ø (𝑝. 𝑞𝐵) −  𝜔𝐴. 𝑞𝐴 −  𝜔′

𝐴. (𝑞𝐵 −
∞

𝐷=𝑞𝐵

 𝑞𝐴) − 𝑔(𝐷 − 𝑞𝐵)}. 𝑓(𝐷)𝑑𝐷  

 

∏𝑅 (𝑞𝐴, 𝑞𝐵) = ∫ ∅(𝑝 − 𝑆). 𝐷. 𝑓(𝐷)𝑑𝐷 + ∫ (∅𝑝 − 𝜔′
𝐴)

𝑞𝐵

𝐷=𝑞𝐴

𝑞𝐴

𝐷=0
. 𝐷. 𝑓(𝐷)𝑑𝐷 −

∫ 𝑔. 𝐷. 𝑓(𝐷)𝑑𝐷 + 
∞

𝐷=𝑞𝐵
∫ (∅𝑆 − 𝜔𝐴)

𝑞𝐴

𝐷=0
𝑞𝐴. 𝑓(𝐷)𝑑𝐷 +  ∫ (𝜔′

𝐴 − 𝜔𝐴)𝑞𝐴. 𝑓(𝐷)𝑑𝐷 +
𝑞𝐵

𝐷=𝑞𝐴

 ∫ [(∅𝑝 − 𝜔′
𝐴 + 𝑔)𝑞𝐵 + (𝜔′

𝐴 − 𝜔𝐴)𝑞𝐴]. 𝑓(𝐷)𝑑𝐷 
∞

𝐷=𝑞𝐵
  

 

 ∏𝑅 (𝑞𝐴, 𝑞𝐵) = ∅(𝑝 − 𝑆){ [𝐷. 𝐹(𝐷)]0
𝑞𝐴 −  ∫ 𝐹(𝐷)

𝑞𝐴

0
𝑑𝐷} + (∅𝑝 −

𝜔′
𝐴) { [𝐷. 𝐹(𝐷)]𝑞𝐴

𝑞𝐵 −  ∫ 𝐹(𝐷)
𝑞𝐵

𝑞𝐴
𝑑𝐷} − 𝑔 {∫ 𝐷. 𝑓(𝐷)𝑑𝐷

∞

0
−  ∫ 𝐷. 𝑓(𝐷)

𝑞𝐵

0
𝑑𝐷} +

 [(∅𝑆 − 𝜔𝐴)𝑞𝐴] [𝐹(𝐷)]0
𝑞𝐴 −  [(𝜔𝐴 − 𝜔′

𝐴)𝑞𝐴] [𝐹(𝐷)]𝑞𝐴

𝑞𝐵 +   [(∅𝑝 − 𝜔′
𝐴 + 𝑔)𝑞𝐵 −

(𝜔𝐴 − 𝜔′
𝐴)𝑞𝐴] [𝐹(𝐷)]𝑞𝐵

∞   

 

∏𝑅 (𝑞𝐴, 𝑞𝐵) =  ∅(𝑝 − 𝑆)[𝑞𝐴. 𝐹(𝑞𝐴) − ∫ 𝐹(𝐷)𝑑𝐷
𝑞𝐴

0
] +  (∅𝑝 − 𝜔′

𝐴) [𝑞𝐵. 𝐹(𝑞𝐵) −

𝑞𝐴. 𝐹(𝑞𝐴) − ∫ 𝐹(𝐷)𝑑𝐷
𝑞𝐵

𝑞𝐴
] − 𝑔{𝐸[𝐷] −  [𝐷. 𝐹(𝐷)]0

𝑞𝐵 +  ∫ 𝐹(𝐷)𝑑𝐷
𝑞𝐵

0
} +

 [(∅𝑆 − 𝜔𝐴)𝑞𝐴]𝐹(𝑞𝐴) − [(𝜔𝐴 − 𝜔′
𝐴)𝑞𝐴][𝐹(𝑞𝐵) − 𝐹(𝑞𝐴)] +  [(∅𝑝 − 𝜔′

𝐴 + 𝑔)𝑞𝐵 −
(𝜔𝐴 − 𝜔′

𝐴)𝑞𝐴][1 − 𝐹(𝑞𝐵)]  

 

∏𝑅 (𝑞𝐴, 𝑞𝐵) =  ∅(𝑝 − 𝑆)[𝑞𝐴. 𝐹(𝑞𝐴) − ∫ 𝐹(𝐷)𝑑𝐷
𝑞𝐴

0
] +  (∅𝑝 − 𝜔′

𝐴) [𝑞𝐵. 𝐹(𝑞𝐵) −

𝑞𝐴. 𝐹(𝑞𝐴) − ∫ 𝐹(𝐷)𝑑𝐷
𝑞𝐵

𝑞𝐴
] − 𝑔{𝐸[𝐷] − 𝑞𝐵. 𝐹(𝑞𝐵) +  ∫ 𝐹(𝐷)𝑑𝐷

𝑞𝐵

0
} +  [(∅𝑆 −

𝜔𝐴)𝑞𝐴]𝐹(𝑞𝐴) − [(𝜔𝐴 − 𝜔′
𝐴)𝑞𝐴][𝐹(𝑞𝐵) − 𝐹(𝑞𝐴)] +  [(∅𝑝 − 𝜔′

𝐴 + 𝑔)𝑞𝐵 −
(𝜔𝐴 − 𝜔′

𝐴)𝑞𝐴][1 − 𝐹(𝑞𝐵)]  
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After simplifying, we have: 

 

∏𝑅 (𝑞𝐴, 𝑞𝐵) =  −∅(𝑝 − 𝑆) ∫ 𝐹(𝐷)𝑑𝐷 − 
𝑞𝐴

0
(∅𝑝 − 𝜔′

𝐴) ∫ 𝐹(𝐷)𝑑𝐷
𝑞𝐵

𝑞𝐴
−

𝑔 ∫ 𝐹(𝐷)𝑑𝐷
𝑞𝐵

0
+ [(∅𝑝 − 𝜔′

𝐴 + 𝑔)𝑞𝐵 − (𝜔𝐴 − 𝜔′
𝐴)𝑞𝐴] −

𝑔[𝐸(𝐷)]                                                                                                                          (5) 

 

 

3.4.2 Distributor’s expected profit function 

 

∏𝐷 (𝑞𝐴, 𝑞𝐵) =  ∫ ∏𝐷 . 𝑓(𝐷)𝑑𝐷

∞

0

 

∏𝐷 (𝑞𝐴, 𝑞𝐵) =  ∫ {(1 − ∅) {[𝑝. 𝑚𝑖𝑛(𝑞𝐵, 𝐷)] + 𝑆. 𝑚𝑎𝑥[𝑞𝐴 − 𝐷, 0]} +  𝜔𝐴. 𝑞𝐴

∞

0

+ 𝜔′
𝐴. 𝑚𝑎𝑥{𝑚𝑖𝑛[(𝐷 − 𝑞𝐴), (𝑞𝐵 − 𝑞𝐴)], 0}

+ 𝑟. 𝑚𝑎𝑥{[𝑞𝐵 − 𝑚𝑎𝑥(𝑞𝐴, 𝐷)], 0} −  𝜔𝐵. 𝑞𝐵}. 𝑓(𝐷)𝑑𝐷 

 

∏𝐷 (𝑞𝐴, 𝑞𝐵) =  ∫ {(1 − ø)[(𝑝. 𝐷) +  𝑆( 𝑞𝐴 − 𝐷)] +  𝜔𝐴. 𝑞𝐴  −  𝜔𝐵. 𝑞𝐵  +
𝑞𝐴

𝐷=0

 𝑟. (𝑞𝐵 − 𝑞𝐴)} . 𝑓(𝐷)𝑑𝐷 +  ∫ {(1 − ø) (𝑝. 𝐷) + 𝜔𝐴. 𝑞𝐴 +  𝜔′
𝐴. (𝐷 −  𝑞𝐴) −

𝑞𝐵

𝐷=𝑞𝐴

 𝜔𝐵. 𝑞𝐵  +  𝑟. (𝑞𝐵 −  𝐷)}. 𝑓(𝐷)𝑑𝐷   +     ∫ {(1 − ø) (𝑝. 𝑞𝐵) +  𝜔𝐴. 𝑞𝐴 +
∞

𝐷=𝑞𝐵

 𝜔′
𝐴. (𝑞𝐵 −  𝑞𝐴)   −  𝜔𝐵. 𝑞𝐵}. 𝑓(𝐷)𝑑𝐷  

 

∏𝐷 (𝑞𝐴, 𝑞𝐵) = ∫ (1 − ∅)(𝑝 − 𝑆). 𝐷. 𝑓(𝐷)𝑑𝐷 + ∫ [𝑝(1 − ∅) + 𝜔′
𝐴 −

𝑞𝐵

𝐷=𝑞𝐴

𝑞𝐴

𝐷=0

𝑟] . 𝐷. 𝑓(𝐷)𝑑𝐷 + ∫ {𝑞𝐴[𝑆(1 − ∅) + 𝜔𝐴 − 𝑟] + 𝑞𝐵(𝑟 − 𝜔𝐵)}
𝑞𝐴

𝐷=0
. 𝑓(𝐷)𝑑𝐷 +

 ∫ {𝑞𝐴(𝜔𝐴 − 𝜔′
𝐴) + 𝑞𝐵(𝑟 − 𝜔𝐵)}. 𝑓(𝐷)𝑑𝐷 +  ∫ {𝑞𝐵[(1 − ∅)𝑝 + 𝜔′

𝐴 − 𝜔𝐵] +
∞

𝐷=𝑞𝐵

𝑞𝐵

𝐷=𝑞𝐴

𝑞𝐴(𝜔𝐴 − 𝜔′
𝐴)}. 𝑓(𝐷)𝑑𝐷   

  

∏𝐷 (𝑞𝐴, 𝑞𝐵) = (1 − ∅)(𝑝 − 𝑆){ [𝐷. 𝐹(𝐷)]0
𝑞𝐴 −  ∫ 𝐹(𝐷)

𝑞𝐴

0
𝑑𝐷} +  [𝑝(1 − ∅) + 𝜔′

𝐴 −

𝑟] { [𝐷. 𝐹(𝐷)]𝑞𝐴

𝑞𝐵 −  ∫ 𝐹(𝐷)
𝑞𝐵

𝑞𝐴
𝑑𝐷} +  {𝑞𝐴[𝑆(1 − ∅) + 𝜔𝐴 − 𝑟] + 𝑞𝐵(𝑟 −

𝜔𝐵)} [𝐹(𝐷)]0
𝑞𝐴 +  {𝑞𝐴(𝜔𝐴 − 𝜔′

𝐴) + 𝑞𝐵(𝑟 − 𝜔𝐵)} [𝐹(𝐷)]𝑞𝐴

𝑞𝐵 +   {𝑞𝐵[(1 − ∅)𝑝 + 𝜔′
𝐴 −

𝜔𝐵] + 𝑞𝐴(𝜔𝐴 − 𝜔′
𝐴)} [𝐹(𝐷)]𝑞𝐵

∞   

∏𝐷 (𝑞𝐴, 𝑞𝐵) =  (1 − ∅)(𝑝 − 𝑆)[𝑞𝐴. 𝐹(𝑞𝐴) − ∫ 𝐹(𝐷)𝑑𝐷
𝑞𝐴

0
] +  [𝑝(1 − ∅) + 𝜔′

𝐴 −

𝑟] [𝑞𝐵. 𝐹(𝑞𝐵) − 𝑞𝐴. 𝐹(𝑞𝐴) − ∫ 𝐹(𝐷)𝑑𝐷
𝑞𝐵

𝑞𝐴
] + {𝑞𝐴[𝑆(1 − ∅) + 𝜔𝐴 − 𝑟] +

𝑞𝐵(𝑟 − 𝜔𝐵)}𝐹(𝑞𝐴) + {𝑞𝐴(𝜔𝐴 − 𝜔′
𝐴) + 𝑞𝐵(𝑟 − 𝜔𝐵)}[𝐹(𝑞𝐵) − 𝐹(𝑞𝐴)] +

  {𝑞𝐵[(1 − ∅)𝑝 + 𝜔′
𝐴 − 𝜔𝐵] + 𝑞𝐴(𝜔𝐴 − 𝜔′

𝐴)}[1 − 𝐹(𝑞𝐵)]  
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After simplifying, we have: 

 

∏𝐷 (𝑞𝐴, 𝑞𝐵) =  −[(1 − ∅)(𝑝 − 𝑆)] ∫ 𝐹(𝐷)𝑑𝐷 − 
𝑞𝐴

0
[𝑝(1 − ∅) + 𝜔′

𝐴 −

𝑟] ∫ 𝐹(𝐷)𝑑𝐷
𝑞𝐵

𝑞𝐴
+ {𝑞𝐵[(1 − ∅)𝑝 + 𝜔′

𝐴 − 𝜔𝐵] + 𝑞𝐴(𝜔𝐴 −

𝜔′
𝐴)}                                                                                                                                                 (6)          

 

3.4.3 Manufacturer’s expected profit function 

 

∏𝑀 (𝑞𝐴, 𝑞𝐵) =  ∫ ∏𝑀 . 𝑓(𝐷)𝑑𝐷

∞

0

 

∏𝑀 (𝑞𝐴, 𝑞𝐵) =  ∫ {𝜔𝐵. 𝑞𝐵 − 𝐶. 𝑞𝐵 − (𝑟 − 𝑆). 𝑚𝑎𝑥{[𝑞𝐵 − 𝑚𝑎𝑥(𝑞𝐴, 𝐷)], 0}}

∞

0

. 𝑓(𝐷)𝑑𝐷 

∏𝑀 (𝑞𝐴, 𝑞𝐵) =  ∫ {𝜔𝐵. 𝑞𝐵 –  𝐶 . 𝑞𝐵 – (𝑟 − 𝑆). (𝑞𝐵 −  𝑞𝐴)}
𝑞𝐴

𝐷=0
. 𝑓(𝐷)𝑑𝐷 +

 ∫ {𝜔𝐵. 𝑞𝐵 –  𝐶 . 𝑞𝐵 – (𝑟 − 𝑆). (𝑞𝐵 −  𝐷)}. 𝑓(𝐷)𝑑𝐷   +
𝑞𝐵

𝐷=𝑞𝐴

    ∫ {𝜔𝐵. 𝑞𝐵 –  𝐶 . 𝑞𝐵}. 𝑓(𝐷)𝑑𝐷
∞

𝐷=𝑞𝐵
  

 

∏𝑀 (𝑞𝐴, 𝑞𝐵) = {𝜔𝐵. 𝑞𝐵 –  𝐶 . 𝑞𝐵 – (𝑟 − 𝑆). (𝑞𝐵 −  𝑞𝐴)} ∫ 𝑓(𝐷)𝑑𝐷 +
𝑞𝐴

𝐷=0

{𝜔𝐵. 𝑞𝐵 –  𝐶 . 𝑞𝐵 – (𝑟 − 𝑆). 𝑞𝐵} ∫ 𝑓(𝐷)𝑑𝐷
𝑞𝐵

𝐷=𝑞𝐴
+ {𝜔𝐵. 𝑞𝐵 –  𝐶 . 𝑞𝐵} ∫ 𝑓(𝐷)𝑑𝐷 

∞

𝐷=𝑞𝐵
+

(𝑟 − 𝑆) ∫ 𝐷. 𝑓(𝐷)𝑑𝐷 
𝑞𝐵

𝐷=𝑞𝐴
  

  

∏𝑀 (𝑞𝐴, 𝑞𝐵) = {𝜔𝐵. 𝑞𝐵 –  𝐶 . 𝑞𝐵 – (𝑟 − 𝑆). (𝑞𝐵 −  𝑞𝐴)} [𝐹(𝐷)]0
𝑞𝐴 +

 {𝜔𝐵. 𝑞𝐵 –  𝐶 . 𝑞𝐵 – (𝑟 − 𝑆). 𝑞𝐵} [𝐹(𝐷)]𝑞𝐴

𝑞𝐵 +   {𝜔𝐵. 𝑞𝐵 –  𝐶 . 𝑞𝐵} [𝐹(𝐷)]𝑞𝐵
∞  + 

(𝑟 − 𝑆) { [𝐷. 𝐹(𝐷)]𝑞𝐴

𝑞𝐵 −  ∫ 𝐹(𝐷)
𝑞𝐵

𝑞𝐴
𝑑𝐷} 

 

∏𝑀 (𝑞𝐴, 𝑞𝐵) =  {𝜔𝐵. 𝑞𝐵 –  𝐶 . 𝑞𝐵 – (𝑟 − 𝑆). (𝑞𝐵 −  𝑞𝐴)}𝐹(𝑞𝐴) + {𝜔𝐵. 𝑞𝐵 –  𝐶 . 𝑞𝐵 –  (𝑟 −

𝑆). 𝑞𝐵}[𝐹(𝑞𝐵) − 𝐹(𝑞𝐴)] +   {𝜔𝐵. 𝑞𝐵 –  𝐶 . 𝑞𝐵}[1 − 𝐹(𝑞𝐵)] +  (𝑟 − 𝑆) [𝑞𝐵. 𝐹(𝑞𝐵) −

𝑞𝐴. 𝐹(𝑞𝐴) − ∫ 𝐹(𝐷)𝑑𝐷
𝑞𝐵

𝑞𝐴
] 

 

After simplifying, we have: 

  

∏𝑀 (𝑞𝐴, 𝑞𝐵) =  − (𝑟 − 𝑆) ∫ 𝐹(𝐷)𝑑𝐷
𝑞𝐵

𝑞𝐴
+ [𝜔𝐵. 𝑞𝐵 − 𝐶. 𝑞𝐵]                                               (7) 
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3.4.4 Expected profit function of the centralized system 

 

∏𝐶 (𝑞𝐶) =  ∫ ∏𝐶 . 𝑓(𝐷)𝑑𝐷

∞

0

 

∏𝐶 (𝑞𝐶) =  ∫ {𝑝. [𝑚𝑖𝑛 (𝑞𝐶 , 𝐷)] +  𝑆. 𝑚𝑎𝑥(𝑞𝐶 − 𝐷, 0) –  𝐶. 𝑞𝐶

∞

0

− 𝑔. 𝑚𝑎𝑥(𝐷 − 𝑞𝐶 , 0)}. 𝑓(𝐷)𝑑𝐷 

 

∏𝐶 (𝑞𝐶) =  ∫ {(𝑝. 𝐷) + 𝑆(𝑞𝐶 − 𝐷) − (𝐶. 𝑞𝐶)}
𝑞𝐶

𝐷=0
. 𝑓(𝐷)𝑑𝐷 + ∫ {(𝑝. 𝑞𝐶) − (𝐶. 𝑞𝐶) −

∞

𝐷=𝑞𝐶

𝑔(𝐷 − 𝑞𝐶) }. 𝑓(𝐷)𝑑𝐷  

 

∏𝐶 (𝑞𝐶) =  (𝑝 − 𝑆) ∫ 𝐷
𝑞𝐶

𝐷=0
. 𝑓(𝐷)𝑑𝐷 − 𝑔 ∫ 𝐷. 𝑓(𝐷)𝑑𝐷 + 𝑞𝐶(𝑆 −

∞

𝐷=𝑞𝐶

𝐶) ∫ 𝑓(𝐷)𝑑𝐷
𝑞𝐶

𝐷=0
+ 𝑞𝐶(𝑝 − 𝐶 + 𝑔) ∫ 𝑓(𝐷)𝑑𝐷

∞

𝐷=𝑞𝐶
  

  

∏𝐶 (𝑞𝐶) = (𝑝 − 𝑆){ [𝐷. 𝐹(𝐷)]0
𝑞𝐶 −  ∫ 𝐹(𝐷)

𝑞𝐶

0
𝑑𝐷} –  𝑔{∫ 𝐷. 𝑓(𝐷)𝑑𝐷

∞

0
−

 ∫ 𝐷. 𝑓(𝐷)
𝑞𝐶

0
𝑑𝐷} + 𝑞𝐶(𝑆 − 𝐶) [𝐹(𝐷)]0

𝑞𝐶 +  𝑞𝐶(𝑝 − 𝐶 + 𝑔) [𝐹(𝐷)]𝑞𝐶
∞   

 

∏𝐶 (𝑞𝐶) = (𝑝 − 𝑆){[𝑞𝐶 . 𝐹(𝑞𝐶)] −  ∫ 𝐹(𝐷)
𝑞𝐶

0
𝑑𝐷} –  𝑔{𝐸[𝐷] −  [𝐷. 𝐹(𝐷)]0

𝑞𝐶 +

 ∫ 𝐹(𝐷)
𝑞𝐶

0
𝑑𝐷} + 𝑞𝐶(𝑆 − 𝐶)[𝐹(𝑞𝐶)] +  𝑞𝐶(𝑝 − 𝐶 + 𝑔)[1 − 𝐹(𝑞𝐶)]  

 

∏𝐶 (𝑞𝐶) = (𝑝 − 𝑆){[𝑞𝐶 . 𝐹(𝑞𝐶)] −  ∫ 𝐹(𝐷)
𝑞𝐶

0
𝑑𝐷} –  𝑔{𝐸[𝐷] − [𝑞𝐶 . 𝐹(𝑞𝐶)] +

 ∫ 𝐹(𝐷)
𝑞𝐶

0
𝑑𝐷} + 𝑞𝐶(𝑆 − 𝐶)[𝐹(𝑞𝐶)] +  𝑞𝐶(𝑝 − 𝐶 + 𝑔)[1 − 𝐹(𝑞𝐶)]  

  

∏𝐶 (𝑞𝐶) = (𝑝 − 𝑆). 𝑞𝐶 . 𝐹(𝑞𝐶) +  𝑔. 𝑞𝐶 . 𝐹(𝑞𝐶) + (𝑆 − 𝐶). 𝑞𝐶 . 𝐹(𝑞𝐶) +  (𝑝 − 𝐶 +

𝑔). 𝑞𝐶 . [1 − 𝐹(𝑞𝐶)] − (𝑝 − 𝑆) ∫ 𝐹(𝐷)
𝑞𝐶

0
𝑑𝐷 − 𝑔 ∫ 𝐹(𝐷)

𝑞𝐶

0
𝑑𝐷 − 𝑔[𝐸(𝐷)]  

 

After simplifying, we have: 

 

∏𝐶 (𝑞𝐶) =  − (𝑝 − 𝑆 + 𝑔) ∫ 𝐹(𝐷)
𝑞𝐶

0
𝑑𝐷 + (𝑝 − 𝐶 + 𝑔). 𝑞𝐶 − 𝑔[𝐸(𝐷)]                    (8)
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3.5 Finding the optimal order quantities which maximize the profit of each 

member 

 

3.5.1 Finding the optimal order quantity of the retailer 

 

From the profit function of the retailer, we have: 

 

𝜕∏𝑅 (𝑞𝐴, 𝑞𝐵)

𝜕𝑞𝐴
= −∅(𝑝 − 𝑆). 𝐹(𝑞𝐴) +  (∅𝑝 − 𝜔′

𝐴). 𝐹(𝑞𝐴) −  (𝜔𝐴 − 𝜔′
𝐴)  

= −(𝜔𝐴
′ − ∅𝑆). 𝐹(𝑞𝐴) −   (𝜔𝐴 − 𝜔′

𝐴)                                               (9) 

 

 Since only 𝑞𝐴 is the retailer’s decision, derivative with respect to 𝑞𝐵 needs not to be 

considered.  

 

By taking the second derivative of the retailer’s expected profit function; 

 
𝜕2∏𝑅 (𝑞𝐴,𝑞𝐵)

𝜕𝑞𝐴
2 =  −(𝜔𝐴

′ − ∅𝑆). 𝑓(𝑞𝐴)                                                                                     (10) 

 

 It can be seen that the second derivative is negative, hence ∏𝑅 (𝑞𝐴, 𝑞𝐵)  is a concave 

function with respect to 𝑞𝐴 . Therefore, the optimal order quantity of the retailer is the 

unique solution of the equation.  

 

𝜕∏𝑅 (𝑞𝐴, 𝑞𝐵)

𝜕𝑞𝐴
= 0 

 

−(𝜔′
𝐴 − ∅𝑆). 𝐹(𝑞𝐴) −  (𝜔𝐴 − 𝜔′

𝐴) = 0 

 

𝐹(𝑞𝐴) =  (
𝜔′

𝐴−𝜔𝐴

𝜔′
𝐴−∅𝑆

 )                                             (11) 

 

Therefore, optimal order quantity of the retailer such that the retailer’s expected profit is 

maximized is  𝑞𝐴
∗ =  𝐹−1 (

𝜔′
𝐴−𝜔𝐴

𝜔′
𝐴−∅𝑆

 ). 

 

3.5.2 Finding the optimal order quantity of the distributor 

  

From the profit function of the distributor, we have:  

 

𝜕∏𝐷 (𝑞𝐴, 𝑞𝐵)

𝜕𝑞𝐵
= −[𝑝(1 − ∅) + 𝜔′

𝐴 − 𝑟]. 𝐹(𝑞𝐵)

+  [𝑝(1 − ∅) + 𝜔′
𝐴 − 𝜔𝐵]                                                                      (12)   

 

 Since only 𝑞𝐵 is the distributor’s decision, derivative with respect to 𝑞𝐴 needs not to 

be considered.  
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By taking the second derivative of the distributor’s expected profit function; 

 

𝜕2∏𝐷 (𝑞𝐴, 𝑞𝐵)

𝜕𝑞𝐵
2 =  −[𝑝(1 − ∅) + 𝜔′

𝐴 − 𝑟]. 𝑓(𝑞𝐵)                                         (13)       

 

 It can be seen that the second derivative is negative, hence ∏𝐷 (𝑞𝐴, 𝑞𝐵)  is a concave 

function with respect to 𝑞𝐵 . Therefore, the optimal order quantity of the distributor is 

the unique solution of the equation.  

 

𝜕∏𝐷 (𝑞𝐴, 𝑞𝐵)

𝜕𝑞𝐵
= 0 

 

−[𝑝(1 − ∅) + 𝜔′
𝐴 − 𝑟]. 𝐹(𝑞𝐵) +  [(1 − ∅)𝑝 + 𝜔′

𝐴 − 𝜔𝐵] = 0 

 

       𝐹(𝑞𝐵) =  (
(1−∅)𝑝+𝜔′

𝐴−𝜔𝐵

(1−∅)𝑝+𝜔′
𝐴−𝑟

)                                        (14) 

 

Therefore, optimal order quantity of the distributor such that the distributor’s expected 

profit is maximized is  𝑞𝐵
∗ =  𝐹−1 (

(1−∅)𝑝+𝜔′
𝐴−𝜔𝐵

(1−∅)𝑝+𝜔′
𝐴−𝑟

). 

 

3.5.3 Finding the optimal order quantity of a centralized system 

 

From the profit function of a centralized system, we have: 

𝑑∏𝐶 (𝑞𝐶)

𝑑𝑞𝐶
= − (𝑔 + 𝑝 − 𝑆). 𝐹(𝑞𝐶)  + (𝑔 + 𝑝 − 𝐶)                                     (15)      

 

By taking the second derivative of the expected profit function of a centralized system; 

 
𝑑2∏𝐶 (𝑞𝐶)

𝑑𝑞𝐶
2 =  − (𝑔 + 𝑝 − 𝑆). 𝑓(𝑞𝐶)                                                                 (16) 

 

 It can be seen that the second derivative is negative, hence ∏𝐶 (𝑞𝐶)  is a concave 

function with respect to 𝑞𝐶  . Therefore, the optimal order quantity of a centralized 

system is the unique solution of the equation.  

 

𝑑∏𝐶 (𝑞𝐶)

𝑑𝑞𝐶
= 0 

− (𝑔 + 𝑝 − 𝑆). 𝐹(𝑞𝐶)  +  (𝑔 + 𝑝 − 𝐶) = 0 

 

                𝐹(𝑞𝐶) =  (
𝑔+𝑝−𝐶

𝑔+𝑝−𝑆
 )                                                     (17) 

 

Therefore, optimal order quantity of a centralized system such that the expected profit of 

the centralized system is maximized is  𝑞𝐶
∗ =  𝐹−1 (

𝑔+𝑝−𝐶

𝑔+𝑝−𝑆
 ). 
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3.6 Adjusted optimal order quantity of the distributor  

  

It is found from the previous section that the optimal order quantities of the retailer and 

distributor are determined from,  𝐹(𝑞𝐴
∗ ) =  (

𝜔′
𝐴−𝜔𝐴

𝜔′
𝐴−∅𝑆

 ) and  𝐹(𝑞𝐵
∗ ) =  (

(1−∅)𝑝+𝜔′
𝐴−𝜔𝐵

(1−∅)𝑝+𝜔′
𝐴−𝑟

) . 

 

Due to the fact that 𝐹(. ) is a non-decreasing function, for 𝑞𝐵 ≥ 𝑞𝐴 assumption to be true, 

the following condition should be satisfied.   
   

(
(1−∅)𝑝+𝜔′

𝐴−𝜔𝐵

(1−∅)𝑝+𝜔′
𝐴−𝑟

)  ≥  (
𝜔′

𝐴−𝜔𝐴

𝜔′
𝐴−∅𝑆

 )                                                     (18) 

 

Therefore, the optimal order quantity of distributor, 𝑞𝐵
∗ , can be determined as: 

 

                         𝐹−1 (
(1−∅)𝑝+𝜔′

𝐴−𝜔𝐵

(1−∅)𝑝+𝜔′
𝐴−𝑟

) ; if  (
(1−∅)𝑝+𝜔′

𝐴−𝜔𝐵

(1−∅)𝑝+𝜔′
𝐴−𝑟

)  ≥  (
𝜔′

𝐴−𝜔𝐴

𝜔′
𝐴−∅𝑆

 ) 

   

                          𝑞𝐴
∗                               ; otherwise  

 

3.7 Total expected profit function of the whole decentralized supply chain 
 

For a decentralized supply chain to be well coordinated, not only the independent profits 

of each member should be maximized, but the total profit of the whole chain should be 

maximized as well. The total expected profit function of the whole decentralized system 

is formulated as follows.  

                  

∏𝑇𝑜𝑡𝑎𝑙 (𝑞𝐴, 𝑞𝐵) =  ∏𝑅 (𝑞𝐴, 𝑞𝐵) + ∏𝐷 (𝑞𝐴, 𝑞𝐵) + ∏𝑀 (𝑞𝐴, 𝑞𝐵) 

 

 ∏𝑇𝑜𝑡𝑎𝑙 (𝑞𝐴, 𝑞𝐵) = {−∅(𝑝 − 𝑆) ∫ 𝐹(𝐷)𝑑𝐷 − 
𝑞𝐴

0
(∅𝑝 − 𝜔′

𝐴) ∫ 𝐹(𝐷)𝑑𝐷
𝑞𝐵

𝑞𝐴
−

𝑔 ∫ 𝐹(𝐷)𝑑𝐷
𝑞𝐵

0
+ [(∅𝑝 − 𝜔′

𝐴 + 𝑔)𝑞𝐵 − (𝜔𝐴 − 𝜔′
𝐴)𝑞𝐴] − 𝑔[𝐸(𝐷)]} + { −[(1 −

∅)(𝑝 − 𝑆)] ∫ 𝐹(𝐷)𝑑𝐷 − 
𝑞𝐴

0
[𝑝(1 − ∅) + 𝜔′

𝐴 − 𝑟] ∫ 𝐹(𝐷)𝑑𝐷
𝑞𝐵

𝑞𝐴
+ {𝑞𝐵[(1 − ∅)𝑝 +

𝜔′
𝐴 − 𝜔𝐵] + 𝑞𝐴(𝜔𝐴 − 𝜔′

𝐴)}} + {− (𝑟 − 𝑆) ∫ 𝐹(𝐷)𝑑𝐷
𝑞𝐵

𝑞𝐴
+ [𝜔𝐵. 𝑞𝐵 –  𝐶 . 𝑞𝐵 ]}  

After simplifying, we have: 

 

∏𝑇𝑜𝑡𝑎𝑙 (𝑞𝐴, 𝑞𝐵) =  𝑔[𝑞𝐵 − ∫ 𝐹(𝐷)𝑑𝐷
𝑞𝐵

0
− 𝐸(𝐷)] + 𝑝 [𝑞𝐵 − ∫ 𝐹(𝐷)𝑑𝐷 −

𝑞𝐴

0

∫ 𝐹(𝐷)𝑑𝐷
𝑞𝐵

𝑞𝐴
 ] +  𝑆 [∫ 𝐹(𝐷)𝑑𝐷 + ∫ 𝐹(𝐷)𝑑𝐷

𝑞𝐵

𝑞𝐴
  

𝑞𝐴

0
] −  𝐶 . 𝑞𝐵                                    (19)                                                     

 

 

 

 

𝑞𝐵 =
∗

= 
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3.8 Finding the optimal order quantities which maximize the total profit of the 

whole decentralized supply chain 

 

3.8.1 Finding the optimal order quantity from the retailer’s perspective 

 

From the total expected profit function of the whole supply chain, we have; 

 
𝜕∏𝑇𝑜𝑡𝑎𝑙 (𝑞𝐴,𝑞𝐵)

𝜕𝑞𝐴
=  − 𝑝. 𝐹(𝑞𝐴) + 𝑝. 𝐹(𝑞𝐴) + 𝑆. 𝐹(𝑞𝐴) −  𝑆. 𝐹(𝑞𝐴) = 0                     (20)                                      

 

By taking the second derivative of the total expected profit function of the whole supply 

chain; 

 
𝜕2∏𝑇𝑜𝑡𝑎𝑙 (𝑞𝐴,𝑞𝐵)

𝜕𝑞𝐴
2 = 0                                                              (21)                                                                                                                      

 

 It can be seen that the second derivative is zero. Hence, ∏𝑇𝑜𝑡𝑎𝑙 (𝑞𝐴, 𝑞𝐵) is neither a 

convex function nor a concave function with respect to 𝑞𝐴 . Therefore, the profit of 

the whole supply chain will be maximized when the largest possible value for 𝑞𝐴 is 

taken. 

 

𝐹(𝑞𝐴)  can be as large as possible. But since there is the constraint that 𝑞𝐵 ≥ 𝑞𝐴, the 

largest possible value of 𝑞𝐴
∗  will be 𝑞𝐴

∗ = 𝑞𝐵. 

 

3.8.2 Finding the optimal order quantity from the distributor’s perspective 

 

 From the total expected profit function of the whole supply chain, we have; 

 
𝜕∏𝑇𝑜𝑡𝑎𝑙 (𝑞𝐴,𝑞𝐵)

𝜕𝑞𝐵
=  −[(𝑔 + 𝑝 − 𝑆). 𝐹(𝑞𝐵)] + (𝑔 + 𝑝 − 𝐶)                                    (22)                                                         

 

By taking the second derivative of the total expected profit function of the whole supply 

chain; 

 
𝜕2∏𝑇𝑜𝑡𝑎𝑙 (𝑞𝐴,𝑞𝐵)

𝜕𝑞𝐵
2 = −[(𝑔 + 𝑝 − 𝑆). 𝑓(𝑞𝐵)]                                             (23)            

                                                                       

 It can be seen that the second derivative is negative, hence ∏𝑇𝑜𝑡𝑎𝑙 (𝑞𝐴, 𝑞𝐵)  is a concave 

function with respect to 𝑞𝐵. Therefore, the optimal order quantity of the distributor is 

the unique solution of the equation.  

 

𝜕∏𝑇𝑜𝑡𝑎𝑙 (𝑞𝐴, 𝑞𝐵)

𝜕𝑞𝐵
= 0 

−[(𝑔 + 𝑝 − 𝑆). 𝐹(𝑞𝐵)] + (𝑔 + 𝑝 − 𝐶) = 0 

 

𝐹(𝑞𝐵) =  (
𝑔+𝑝−𝐶

𝑔+𝑝−𝑆
)                                               (24) 
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Therefore, the optimal order quantity of the distributor such that the total expected profit 

of the whole chain is maximized is 𝑞𝐵
∗ =  𝐹−1 (

𝑔+𝑝−𝐶

𝑔+𝑝−𝑆
) . 

 

 It is also known from the above determination of optimal order from the retailer’s 

perspective that,  𝑞𝐴
∗ = 𝑞𝐵. 

 Hence, 𝑞𝐴
∗ = 𝑞𝐵

∗  

 

In conclusion, in order for the total expected profit of the whole decentralized supply 

chain to be maximized, the optimal order quantities of the retailer and the distributor must 

be; 

 

𝑞𝐴
∗ =  𝑞𝐵

∗ =  𝐹−1 (
𝑔 + 𝑝 − 𝐶

𝑔 + 𝑝 − 𝑆
) 

 

It is noted that the optimal order quantities derived above are exactly the same as the 

optimal order quantity in the centralized system.  

 

 3.9 Analysis of the coordination of the supply chain 

 

From the derivations in the above sections, the optimal order quantities could be 

identified, which can lead to maximum profits of each member or of the whole supply 

chain. However, it is noted that 𝑞𝐵
∗  is the amount available for the whole supply chain. 

 

If the order quantity in the decentralized supply chain (𝑞𝐵
∗  ) is equal to the order quantity 

in the centralized supply chain (𝑞𝐶
∗ ), then it can be claimed that the decentralized supply 

chain is coordinated.  

 

Considering the 𝑞𝐵 ≥ 𝑞𝐴 condition, two types of coordinating conditions can be identified 

as follows.  

 

3.9.1 Coordination type 1 

 

If  (
(1−∅)𝑝+𝜔′

𝐴−𝜔𝐵

(1−∅)𝑝+𝜔′
𝐴−𝑟

)  ≥  (
𝜔′

𝐴−𝜔𝐴

𝜔′
𝐴−∅𝑆

 ) 

 

Then 𝑞𝐵
∗ = 𝐹−1 (

(1−∅)𝑝+𝜔′
𝐴−𝜔𝐵

(1−∅)𝑝+𝜔′
𝐴−𝑟

)  

 

Therefore, condition for coordination is; (
(1−∅)𝑝+𝜔′

𝐴−𝜔𝐵

(1−∅)𝑝+𝜔′
𝐴−𝑟

) =  (
𝑔+𝑝−𝐶

𝑔+𝑝−𝑆
)                       (25)                               

 

So, in this situation;        𝑞𝐴
∗ =  𝐹−1 (

𝜔′
𝐴−𝜔𝐴

𝜔′
𝐴−∅𝑆

 ) 

 

𝑞𝐵
∗ =  𝑞𝐶

∗ =  𝐹−1 (
(1 − ∅)𝑝 + 𝜔′

𝐴 − 𝜔𝐵

(1 − ∅)𝑝 + 𝜔′
𝐴 − 𝑟

)   
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3.9.2 Coordination type 2 

 

 If  (
(1−∅)𝑝+𝜔′

𝐴−𝜔𝐵

(1−∅)𝑝+𝜔′
𝐴−𝑟

)  <  (
𝜔′

𝐴−𝜔𝐴

𝜔′
𝐴−∅𝑆

 ) 

 

Then 𝑞𝐵
∗ = 𝑞𝐴

∗ =  𝐹−1 (
𝜔′

𝐴−𝜔𝐴

𝜔′
𝐴−∅𝑆

 ) 

 

Therefore, condition for coordination is; (
𝜔′

𝐴−𝜔𝐴

𝜔′
𝐴−∅𝑆

 ) =  (
𝑔+𝑝−𝐶

𝑔+𝑝−𝑆
)                               (26)                                          

 

So, in this situation; 

𝑞𝐴
∗ =  𝑞𝐵

∗ =  𝑞𝐶
∗ =  𝐹−1 (

𝜔′
𝐴 − 𝜔𝐴

𝜔′
𝐴 − ∅𝑆

 ) 
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CHAPTER 4 

NUMERICAL EXPERIMENTS 

 

It is found in chapter 3 that this model can have two types of coordination conditions, 

hence in this chapter numerical experiments are conducted for each type to check the 

relationship of contract parameters with other variables and also determine the 

combination of contract parameters which can provide a win-win situation.  

For numerical experiments, the following values are assigned to base parameters; 

 

C = 40, S = 20, p = 150, g = 15,𝜔𝐴 = 80,𝜔𝐵 = 75, 𝜔𝐴
′ = 90 

 

It is noted that the values are selected such that the following assumptions are satisfied: 

 

𝜔𝐴
′  >  𝜔𝐴, 𝜔𝐴

′ − 𝜔𝐴 < 𝑔, 𝑆 < 𝑟 <  𝜔𝐵, 𝑆 < 𝐶 and demand follows a uniform 

distribution from 500 to 1000 (D~U[500,1000]). 

∅ is selected in such a way that the retailer’s per unit profit becomes greater than the per 

unit revenue share given to the distributor. This condition is satisfied when ∅ ≥ 0.45. 

 

4.1 Numerical experiments for type 1 coordination  

 

Condition for coordination:     (
(1−∅)𝑝+𝜔′

𝐴−𝜔𝐵

(1−∅)𝑝+𝜔′
𝐴−𝑟

) =  (
𝑔+𝑝−𝐶

𝑔+𝑝−𝑆
) 

 

Optimal order quantities:                    𝑞𝐴
∗ =  𝐹−1 (

𝜔′
𝐴−𝜔𝐴

𝜔′
𝐴−∅𝑆

 ) 

 

𝑞𝐵
∗ =  𝑞𝐶

∗ =  𝐹−1 (
(1 − ∅)𝑝 + 𝜔′

𝐴 − 𝜔𝐵

(1 − ∅)𝑝 + 𝜔′
𝐴 − 𝑟

) 

 

4.1.1 Experiments to identify the trend of optimal order quantities when 𝒓 and ∅ 

values are changed 

 

In this section 𝑟 is fixed at 30, 40, 50 respectively, and ∅ increases from 0.45 to 0.95 with 

0.05 increment. The results are presented in Table 4.1 and illustrated in Figures 4.1 and 

4.2. 

 

Table 4.1: Optimal order quantity w.r.t. ∅ and 𝒓 

∅ 𝑟 = 30 𝑟 = 40 𝑟 = 50 

𝑞𝐴
∗  𝑞𝐵

∗ (= 𝑞𝐶
∗ ) 𝑞𝐴

∗  𝑞𝐵
∗ (= 𝑞𝐶

∗ ) 𝑞𝐴
∗  𝑞𝐵

∗ (= 𝑞𝐶
∗ ) 

0.45 562 842 562 868 562 898 

0.50 563 833 563 860 563 891 

0.55 563 824 563 851 563 884 

0.60 564 813 564 841 564 875 

0.65 565 800 565 829 565 865 

0.70 566 786 566 816 566 853 

0.75 567 769 567 800 567 839 
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0.80 568 750 568 781 568 821 

0.85 569 727 569 759 569 800 

0.90 569 700 569 731 569 773 

0.95 570 667 570 696 570 737 

 

 

Figure 4.1: Trend of 𝒒𝑨
∗  w.r.t. ∅  

 

From the results, it is noted that 𝑞𝐴
∗  is not affected by the value of 𝑟. It is reasonable as 𝑟 

is a contract parameter between manufacturer and distributor, which has no effect to the 

retailer’s decision of 𝑞𝐴
∗ . Also from figure 4.1 it is clear that 𝑞𝐴

∗  has an increasing trend 

with the increase of ∅. Increase of ∅ value means an increase in the percentage of the 

retailer’s revenue that retailer keeps, and hence the retailer is motivated to order more.   

 

 

Figure 4.2: Trend of 𝒒𝑩
∗  w.r.t. ∅ and 𝒓  

 

From figure 4.2, it can be seen that 𝑞𝐵
∗  increases when 𝑟 increases. It is reasonable as 

when the buyback price is higher the distributor will not be hesitated to order large 
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amounts from the manufacturer as he can sell back any excess units for a higher buyback 

price. The distributor is encouraged to order more from the manufacturer when 𝑟 is high. 

Related to the effect of ∅ on 𝑞𝐵
∗ , it is noted that retailer’s initial order quantity 𝑞𝐴

∗  increases 

when ∅ increases, that means there is less chance that the retailer will order more from 

the distributor after realizing demand. Therefore, there is no need to keep a large number 

of units as safety stock at the distributor. Hence, the distributor tends to reduce his order 

of 𝑞𝐵
∗  when ∅ increases, showed in figure 4.2.  

 

4.1.2 Experiments to identify the trend of profits of each member when 𝒓 and ∅ 

values are changed 

 

In this section 𝑟 is fixed at 30, 40, 50 respectively, and ∅ increases from 0.45 to 0.95 with 

0.05 increment. The results are presented in Table 4.2 and illustrated in Figures 4.3 - 4.5. 

 

Table 4.2: Profits of each member w.r.t. ∅ and 𝒓 

when 𝑟 = 30  

ø Total 

Profit 

(=𝜋𝐶) 

Retailer's 

Profit 

Distribut

or's 

Profit 

Manufactu

rer's Profit 

% 

Retailer'

s Profit 

% 

Distribut

or's Profit 

% 

Manufactur

er’s profit 

0.45 113,291 6,996 77,956 28,339 6.18 68.81 25.01 

0.50 113,046 14,062 70,898 28,086 12.44 62.72 24.84 

0.55 112,778 21,084 63,864 27,830 18.70 56.63 24.68 

0.60 112,419 28,046 56,857 27,516 24.95 50.58 24.48 

0.65 111,950 34,925 49,883 27,142 31.20 44.56 24.24 

0.70 111,390 41,705 42,949 26,736 37.44 38.56 24.00 

0.75 110,632 48,332 36,064 26,236 43.69 32.60 23.71 

0.80 109,688 54,776 29,241 25,671 49.94 26.66 23.40 

0.85 108,403 60,930 22,496 24,977 56.21 20.75 23.04 

0.90 106,700 66,697 15,855 24,148 62.51 14.86 22.63 

0.95 104,331 71,867 9,349 23,115 68.88 8.96 22.16 

when 𝑟 = 40 

ø Total 

Profit 

(=𝜋𝐶) 

Retailer's 

Profit 

Distribut

or's 

Profit 

Manufactu

rer's Profit 

% 

Retailer'

s Profit 

% 

Distribut

or's Profit 

% 

Manufactur

er's Profit 

0.45 113,864 6,940 79,176 27,748 6.09 69.54 24.37 

0.50 113,707 14,062 72,058 27,587 12.37 63.37 24.26 

0.55 113,511 21,150 64,961 27,400 18.63 57.23 24.14 

0.60 113,263 28,191 57,881 27,191 24.89 51.10 24.01 

0.65 112,930 35,167 50,828 26,935 31.14 45.01 23.85 

0.70 112,520 42,063 43,807 26,650 37.38 38.93 23.68 

0.75 111,950 48,833 36,827 26,290 43.62 32.90 23.48 

0.80 111,176 55,430 29,898 25,848 49.86 26.89 23.25 

0.85 110,148 61,793 23,036 25,319 56.10 20.91 22.99 

0.90 108,638 67,756 16,269 24,613 62.37 14.98 22.66 
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0.95 106,430 73,114 9,626 23,690 68.70 9.04 22.26 

when 𝑟 = 50 

ø Total 

Profit 

(=𝜋𝐶) 

Retailer's 

Profit 

Distribut

or's 

Profit 

Manufactu

rer's Profit 

% 

Retailer'

s Profit 

% 

Distribut

or's Profit 

% 

Manufactur

er's Profit 

0.45 114,282 6,887 80,602 26,793 6.03 70.53 23.44 

0.50 114,207 14,062 73,427 26,718 12.31 64.29 23.39 

0.55 114,118 21,215 66,268 26,635 18.59 58.07 23.34 

0.60 113,984 28,336 59,119 26,529 24.86 51.87 23.27 

0.65 113,808 35,415 51,988 26,405 31.12 45.68 23.20 

0.70 113,557 42,430 44,879 26,248 37.36 39.52 23.11 

0.75 113,211 49,361 37,798 26,052 43.60 33.39 23.01 

0.80 112,683 56,146 30,755 25,782 49.83 27.29 22.88 

0.85 111,951 62,743 23,765 25,443 56.05 21.23 22.73 

0.90 110,818 69,005 16,851 24,962 62.27 15.21 22.53 

0.95 108,980 74,683 10,040 24,257 68.53 9.21 22.26 

 

 

Figure 4.3: Trend of retailer’s profit w.r.t. ∅ and 𝒓  

 

Left graph of figure 4.3 shows the trend of retailer’s profit w.r.t ∅ and right graph shows 

the trend of retailer’s percentage profit w.r.t. ∅.  

The increase in value of ∅ means the percentage of retailer’s profit that the retailer keeps 

increases, so retailer’s percentage profit share has an increasing trend with increase of ∅ 

as seen from figure 4.3. Another reason for this increasing trend is that, when ∅ increases 

𝑞𝐴
∗   increases as retailer is motivated to order more, so he can sell more units resulting in 

a profit increase. Further, if ∅ is fixed and 𝑟 increases, retailer’s profit slightly increases. 

This is due to the fact that, when 𝑟 increases distributor is encouraged to order more, so 

𝑞𝐵
∗  is high. Therefore, retailer has a higher chance of having additional units from the 

distributor when the demand is realized. Hence, retailer’s profit increases. 
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Figure 4.4: Trend of distributor’s profit w.r.t. ∅ and 𝒓  

 

Left graph of figure 4.4 shows the trend of distributor’s profit w.r.t ∅ and right graph 

shows the trend of distributor’s percentage profit w.r.t. ∅.  

When ∅ increases the distributor’s percentage profit share decreases. This is due to the 

fact that the share of retailer’s profit the distributor gets (because of the revenue sharing 

contract) is decreasing when ∅ increases. Another reason for this decreasing trend is that, 

when ∅ increases 𝑞𝐴
∗  increases as retailer is motivated to order more, so distributor tends 

to reduce the order of 𝑞𝐵
∗  as reasoned under figure 4.2. Therefore distributor can not sell 

more units resulting in a profit decrease. Further, if ∅ is fixed and 𝑟 increases, distributor’s 

profit slightly increases. This is due to two reasons. First is that, since 𝑞𝐵
∗  increases with 

𝑟, the profit distributor can find is high as he can sell more units to the retailer and 

secondly, distributor can sell back all the unsold items for a higher price to the 

manufacturer when 𝑟 value is high. Both reasons can contribute to the increase of the 

distributor’s profit when ∅ is fixed and 𝑟 is increasing, hence the trend is as shown in 

figure 4.4.  

 

 

Figure 4.5: Trend of manufacturer’s profit w.r.t. ∅ and 𝒓  
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Left graph of figure 4.5 shows the trend of manufacturer’s profit w.r.t ∅ and right graph 

shows the trend of manufacturer’s percentage profit w.r.t. ∅.   

When ∅ increases, manufacturer’s percentage profit decreases as seen from figure 4.5. 

This trend is reasonable as, when ∅ increases distributor tends to reduce his order of 𝑞𝐵
∗ , 

so manufacturer sells less units to the distributor. Hence, his profit decreases. Also when 

analyzing the trend when ∅ is fixed and 𝑟 is increasing it can be seen that, manufacturer’s 

percentage profit decreases. When 𝑟 increases manufacturer is bounded to buyback the 

unsold units from distributor at a high buyback price. Hence, resulting in a profit decrease. 

This trend can be analyzed deeper with the use of the left graph of figure 4.5. As seen 

from that graph, after ∅ = 0.8 there is a slight increase in manufacturer’s profit with 

increasing 𝑟. When ∅ is high as 0.8, 𝑞𝐵
∗  is less. Which means even though the buyback 

price 𝑟 is high, manufacturer will have less unsold units to buyback. Hence, a slight 

increase in profit is possible when ∅ > 0.8.  

 

4.1.3 Flexibility in profit sharing 

 

 

Figure 4.6: Profit sharing of each member w.r.t. ∅ and 𝒓  
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Top left graph of figure 4.6 shows the trend of profit share of each member when 𝑟 = 30, 

top right graph shows the trend of profit share of each member when 𝑟 = 40 and bottom 

graph shows the trend of profit share of each member when 𝑟 = 50. When 𝑟 is fixed and 

∅ is increasing, retailer’s percentage profit increases, distributor’s percentage profit 

decreases and manufacturer’s percentage profit decreases, due to the reasons discussed 

above. When 𝑟 = 50 it can be seen that retailer’s percentage profit share varies in a wide 

range from 6.03% to 68.53%, also distributor’s percentage profit share changes in a wide 

range from 9.21% to 70.53%. But manufacturer’s percentage profit share changes only in 

a narrow range from 22.26% to 23.44%. Which means when 𝑟 = 50, flexibility of profit 

share of retailer and distributor is high but manufacturer’s flexibility is less. Further, when 

𝑟 decreases profit share range of both retailer and manufacturer increases but distributor’s 

profit share range decreases. Also it can be concluded that till ∅ =  0.7  distributor 

experiences the highest profit among all the members and after ∅ =  0.85 distributor is 

the one who gets the lowest profit among all. The above trends hold true for other values 

of 𝑟. 

 

4.2 Numerical experiments for type 2 coordination  

 

Condition for coordination:     (
𝜔′

𝐴−𝜔𝐴

𝜔′
𝐴−∅𝑆

 ) =  (
𝑔+𝑝−𝐶

𝑔+𝑝−𝑆
) 

 

Optimal order quantities:         𝑞𝐴
∗ =  𝑞𝐵

∗ =  𝑞𝐶
∗ =  𝐹−1 (

𝜔′
𝐴−𝜔𝐴

𝜔′
𝐴−∅𝑆

 ) 

 

4.2.1 Experiments to identify the trend of optimal order quantities when ∅ is 

changed 

 

In this section 𝑟 does not affect the coordination condition or optimal order quantity hence 

it can be any, and ∅ increases from 0.45 to 0.95 with 0.05 increment. The results are 

presented in Table 4.3 and illustrated in Figure 4.7. 

 

Table 4.3: Optimal order quantity w.r.t. ∅  

∅ 𝑞𝐴
∗ = 𝑞𝐵

∗  

(= 𝑞𝐶
∗ ) 

0.45 562 

0.50 563 

0.55 563 

0.60 564 

0.65 565 

0.70 566 

0.75 567 

0.80 568 

0.85 569 

0.90 569 

0.95 570 
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Figure 4.7: Trend of optimal order w.r.t. ∅  

 

From figure 4.7 it is clear that optimal order quantity has an increasing trend with the 

increase of ∅. Increase of ∅ value means an increase in the percentage of the retailer’s 

revenue that retailer keeps, and hence the retailer is motivated to order more.   

 

4.2.2 Experiments to identify the trend of profits of each member when ∅ is 

changed 

 

In this section 𝑟 does not affect the functions of coordination condition or optimal order 

quantity hence it can be any, and ∅ increases from 0.45 to 0.95 with 0.05 increment. The 

results are presented in Table 4.4 and illustrated in Figures 4.8 - 4.10.  

 

Table 4.4: Profits of each member w.r.t. ∅ 

ø 

Total 

Profit 

(=𝜋𝐶) 

Retailer's 

Profit 

Distributor's 

Profit 

Manufacturer's 

Profit 

% 

Retailer's 

Profit 

% 

Distributor's 

Profit 

% 

Manufacturer's 

Profit 

0.45 94,693 8,248 66,775 19,670 8.71 70.52 20.77 

0.50 94,799 14,062 61,032 19,705 14.83 64.38 20.79 

0.55 94,799 19,884 55,210 19,705 20.97 58.24 20.79 

0.60 94,906 25,719 49,447 19,740 27.10 52.10 20.80 

0.65 95,013 31,568 43,670 19,775 33.22 45.96 20.81 

0.70 95,118 37,428 37,880 19,810 39.35 39.82 20.83 

0.75 95,224 43,302 32,077 19,845 45.47 33.69 20.84 

0.80 95,330 49,190 26,260 19,880 51.60 27.55 20.85 

0.85 95,435 55,090 20,430 19,915 57.73 21.41 20.87 

0.90 95,435 60,952 14,568 19,915 63.87 15.26 20.87 

0.95 95,539 66,871 8,718 19,950 69.99 9.13 20.88 

when 𝑟 is fixed at any value 



 

30 
 

 

Figure 4.8: Trend of retailer’s profit w.r.t. ∅ 

 

Left graph of figure 4.8 shows the trend of retailer’s profit w.r.t ∅ and right graph shows 

the trend of retailer’s percentage profit w.r.t. ∅.  

The increase in value of ∅ means the percentage of retailer’s profit that the retailer keeps 

increases, so retailer’s percentage profit share has an increasing trend with increase of ∅ 

as seen from figure 4.8. Another reason for this increasing trend is that, when ∅ increases 

𝑞𝐴
∗   increases as retailer is motivated to order more, so he can sell more units resulting in 

a profit increase.  

 

 

Figure 4.9: Trend of distributor’s profit w.r.t. ∅ 

 

Left graph of figure 4.9 shows the trend of distributor’s profit w.r.t ∅ and right graph 

shows the trend of distributor’s percentage profit w.r.t. ∅.  

When ∅ increases the distributor’s percentage profit share decreases. This is due to the 

fact that the share of retailer’s profit the distributor gets (because of the revenue sharing 

contract) is decreasing when ∅ increases.  
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Figure 4.10: Trend of manufacturer’s profit w.r.t. ∅ 

 

Left graph of figure 4.10 shows the trend of manufacturer’s profit w.r.t ∅ and right graph 

shows the trend of manufacturer’s percentage profit w.r.t. ∅.   

When ∅ increases, manufacturer’s percentage profit increases as seen from figure 4.10. 

This trend is reasonable as, when ∅ increases retailer is motivated to order more. Hence, 

the number of units manufacturer sells increases, resulting in a profit increase. But this 

increase is limited to a narrow range, the reason is that, since this coordination condition 

is independent of 𝑟, manufacturer does not have a way to encourage the distributor to 

order more. Hence, manufacturer’s potential of increasing the profit is limited.    

 

4.2.3 Flexibility in profit sharing 

 

 
Figure 4.11: Profit sharing of each member w.r.t. ∅  

 

When 𝑟 is fixed at any value and ∅ is increasing, retailer’s percentage profit increases, 

distributor’s percentage profit decreases and manufacturer’s percentage profit slightly 

increases, due to the reasons discussed above. It can be seen that retailer’s percentage 
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profit share varies in a wide range from 8.71% to 69.99%, also distributor’s percentage 

profit share changes in a wide range from 9.13% to 70.52%. But manufacturer’s 

percentage profit share changes only in a narrow range from 20.77% to 20.88%. Which 

means for any value of 𝑟, flexibility of profit share of retailer and distributor is high but 

manufacturer’s flexibility is less. Also it can be concluded that till ∅ =  0.7  distributor 

experiences the highest profit among all the members and after ∅ =  0.85 distributor is 

the one who gets the lowest profit among all. So from the distributor’s perspective, it is 

more beneficial for the distributor when range of ∅ = 0.45 −  0.7, compared to all the 

other members.  
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CHAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS 

 

A three-stage single period supply chain is considered in this research, which is 

coordinated using buyback and revenue sharing contracts. Expected profit functions are 

formulated for each member of the decentralized supply chain, and also for the centralized 

supply chain. The formulas for the optimal order quantities of the retailer, distributor and 

the centralized system were then derived. After identifying the optimal order quantities, 

coordination analysis was conducted to identify the coordination condition of the supply 

chain. When the order quantity that flows through the decentralized supply chain is equal 

to the order quantity that flows through a centralized system, the model is considered to 

be coordinated. This analysis was performed to identify the coordination condition and it 

is found two types of coordination conditions exist in this research model. Numerical 

experiments were then conducted to see the relationship of variables with the contract 

parameters and also to find out the combination of contract parameters which can provide 

the best profit and the win-win situation for all the members in the supply chain.  

 

It is found that for the first type of coordination, 𝑞𝐴
∗  is not affected by 𝑟 but it increases 

with the increase of ∅. Also, 𝑞𝐵
∗  increases with increasing 𝑟 but decreases with increasing 

∅. For this coordination type, the retailer and distributor both have a high flexibility of 

profit share but manufacturer’s flexibility is limited for a given value of  . Also when 𝑟 

decreases profit share range/flexibility of both retailer and manufacturer increases but 

distributor’s profit share range/flexibility decreases.  

 

For the second type of coordination, only a single optimal order quantity flows through 

the supply chain and that quantity has an increasing trend when ∅ is increasing. In this 

coordination type, optimal order quantity and the profits of members are not affected by 

the 𝑟 value. For this coordination type also, the retailer and the distributor have a high 

flexibility of profit share while the manufacturer shows a limited flexibility.  

 

When the flexibility is high, the possibility to reach win-win situation is high. Therefore 

it can be concluded that this model provides a high win-win possibility to both retailer 

and distributor but not for the manufacturer at a given 𝑟 value.  

  

A benchmark contract is not used in this research, therefore the win-win situation was 

discussed using the flexibility in profit sharing. Using a benchmark contract such as 

wholesale price contract, to analyze win-win situation of this model could be a possible 

extension of the current research. 
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APPENDIXES 

 

Appendix A: MATLAB code for determining the optimal order quantities and integral 

of F(D). 
 
%Calculating the optimal order quantities of type 1; 

  
C = 40; 
S = 20; 
p = 150; 
Omega_A = 80; 
Omega_B = 75; 
OmegaPrime_A = 90; 
%r = 40 and Phi = 0.95; 
r = 40; 
Phi = 0.95; 
q_A = (((OmegaPrime_A - Omega_A)/(OmegaPrime_A - (Phi*S)))+1)*500 

  
q_B = ((((1-Phi)*p + OmegaPrime_A - Omega_B) / ((1-Phi)*p + 

OmegaPrime_A - r))+1)* 500 

 

%Calculating the optimal order quantities of type 2; 

  
C = 40; 
S = 20; 
p = 150; 
Omega_A = 80; 
Omega_B = 75; 
OmegaPrime_A = 90; 
%r = any value; 
Phi = 0.95; 

  
Q = (((OmegaPrime_A - Omega_A)/(OmegaPrime_A - (Phi*S)))+1)*500 
 

%.....................................................................

... 

 

%Calculating the integral of F(D)for type-1 

  
%Integral_FD_(qB,0) = x; 
%Integral_FD_(qA,0)= y; 
%Integral_FD_(qB,qA)= z; 

  
q_A = 570; 
q_B = 696; 

  
x = ((q_B*q_B)/1000) - q_B 
y = ((q_A*q_A)/1000) - q_A 
z = x - y 

 
%Calculating the integral of F(D for type-2 

  
%Integral_FD_(Q,0) = x1; 
Q = 570; 
x1 = ((Q*Q)/1000) - Q  
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Appendix B: MATLAB code for determining the profits.  

 
%Calculating the profits of type - 1 coordination; 
C=40; 
S=20; 
p=150; 
g=15; 
Omega_B = 75; 
OmegaPrime_A = 90; 
Omega_A = 80; 
%r=50, Phi = 0.7; 
r = 50; 
Phi = 0.7; 
%Integral_FD_(qB,0) = x; 
%Integral_FD(qA,0)= y; 
%Integral_FD(qB,qA)= z; 
q_A = 566; 
q_B = 853; 
x = -125.39; 
y = -245.64; 
z = 120.25; 

  
TotalProfit = g*(q_B - x - 750) + p*(q_B - x)+ S*(x)- C*q_B 
CentralProfit = -x*(p-S+g) + q_B*(p-C+g)-g*750 
RetailerProfit = -(Phi*(p-S)*y) - ((Phi*p)-(OmegaPrime_A))*z - 

(g*x)+((Phi*p)-OmegaPrime_A+g)*q_B - (Omega_A - OmegaPrime_A)*q_A - 

g*750 
DistributorProfit = -((1-Phi)*(p-S)*y)- (((1-Phi)*p) + OmegaPrime_A -

r)*z + (((1-Phi)*p)+ OmegaPrime_A - Omega_B)*q_B + (Omega_A - 

OmegaPrime_A)*q_A 
ManufacturerProfit = -((r-S)*z) + (Omega_B - C)*q_B 
Total_Profit_Check = RetailerProfit + DistributorProfit + 

ManufacturerProfit 

 
%Calculating the profits of type - 2 coordination; 
C=40; 
S=20; 
p=150; 
g=15; 
Omega_B = 75; 
OmegaPrime_A = 90; 
Omega_A = 80; 
%r - any value 
%Integral_FD_(Q,0) = x; 
Phi = 0.95; 
Q = 570; 
x = -245.10; 

  
TotalProfit = g*(Q - x - 750) + p*(Q - x)+ S*(x)- C*Q 
CentralProfit = -x*(p-S+g) + Q*(p-C+g)-g*750 
RetailerProfit = -(Phi*(p-S)*x) - (g*x)+((Phi*p)+ g - Omega_A)*Q - 

g*750 
DistributorProfit = -((1-Phi)*(p-S)*x) + (((1-Phi)*p) - Omega_B + 

Omega_A)*Q 
ManufacturerProfit = (Omega_B - C)*Q 
Total_Profit_Check = RetailerProfit + DistributorProfit + 

ManufacturerProfit 


