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ABSTRACT 

 

This research investigates supply chain coordination in a two-stage supply chain with the 

bidirectional option contract and a two-period newsvendor problem. Under the 

bidirectional option contract, the supplier announces the prices and after that, the retailer 

places an initial order and purchases option quantity. When the demand information is 

realized, the retailer adjusts the initial order by exercising either call or put options. To 

investigate coordination, the mathematical models are developed and the demand in each 

period is assumed to be uniformly distributed. The research also analyzes how the 

parameters affect the firms’ behavior in such a way that coordination and fair profits can 

be achieved. This research find that with two-period newsvendor problem, the 

bidirectional option contract can coordinate supply chain and achieve win-win situation. 

 

Keywords: Bidirectional option contract, Coordination, Two-period newsvendor 

problem, Supply chain management, Quantity flexibility 
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CHAPTER 1  

INTRODUCTION 

 

1.1 Background of the study 

 

Nowadays, several organizations are facing the uncertainty of business environment. 

Particularly for the companies dealing with long lead-time and short life-cycle products 

such as fashion apparels, toys, and cellphones, life cycles are based on growth of 

technology and tend to decrease rapidly. For example, in Korea cellphone industry, 

manufactures launch more than 50 new models each year, and average life cycle of those 

products is less than 10 months (Linh and Hong, 2009). Therefore, doing business with 

short life cycle products is a major challenge due to demand uncertainty.  Supply chain 

contract plays an important role to help the firms collaborate and coordinate among each 

other in order to achieve optimal supply chain performance. 

However, the supply chain members have lack of intention to achieve coordination. 

Ordinarily, they always make decisions based on their own profits causing double 

marginalization, the situation in which both members do not exercise economical optimal 

order and production quantity, and finally, that action leads to an inefficient supply chain. 

To cope with this problem, using supply contract is one well-known approach. Contract 

is useful in assisting the firms to achieve ‘Coordination’, i.e., the state at which the 

members make decisions leading to maximum supply chain’s profit (Saithong and Luong, 

2012). Furthermore, contract can help the members to achieve win-win situation, the 

situation in which all members can obtain better and fair profits. Currently, many types 

of contract have been applied to help coordinate the supply chain such as buy-back 

contract, sharing revenue contract, pay-back contract, option contract, and so on. 

1.2 Statement of the problems 

 

With no contract agreement, supplier and retailer normally use a wholesale price contract. 

However, the use of wholesale price contract will lead supply chain to low efficiency. 

Therefore, the use of an appropriate supply contract is applied to help optimize the 

performance of supply chain. When demand is uncertain, the retailer will not place the 

order too early because he does not want to bear shortage or excessive inventory. In 

general, the retailer prefers to wait until he gets precise demand information and places 

the order as close as possible to the beginning of the selling season. However, from 

supplier’s viewpoint, this behavior is not profitable. In case of long production lead time, 

the supplier is forced to stock a lot of inventory, and hence, the supplier bears over or 

under production risks. If wholesale price contract is used, the retailer who is the decision 

maker on order quality will always make decision so as to maximize his own profit instead 

of whole supply chain’s profit. 

Basically, many supply contracts aim to provide the retailer with an incentive and flexible 

order mechanism without burdening the manufacturer (Zhao et al., 2013). However, 

considering the situation that the retailer prefers a flexible ordering policy allowing him 

to place the order as close as possible to the beginning of selling period, while the supplier 

would like the retailer to order as early as possible (Zhao, 2010), option contract can 

practically be considered as a good solution. Under the option contract, the retailer is 

obligated to place the initial order before the starting of selling season but after that, the 

supplier allows the retailer to adjust the initial order in the following stage. At present, 

there are three types of option contract which are 1) Call option (upward adjustment), 2) 
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Put option (downward adjustment), and 3) Put and Call options or, namely, Bidirectional 

option (both upward and downward adjustments). Nevertheless, a single directional 

option contract may lead to shortage or over-stocking cost if the retailer either decreases 

or increases his initial order, respectively. Furthermore, this biased order leads to 

Bullwhip effect (Zhoa et al., 2013). Therefore, the bidirectional option contract is a better 

solution among the three which give more flexibility to the retailer.  

However, considering the factor of time horizon, many research works related to the 

bidirectional option contract focused on a single-period newsboy problem assuming that 

demand is constant during the whole selling period (i.e., Cheng et al. (2011), Zhao et al. 

(2010), Saithong and Luong (2012), and Zhao et al. (2013)). Unfortunately, in reality, 

firms might face the change of the demand pattern during selling season, especially for 

short life cycle products because when new products are introduced into the market, 

demand of the existing product tends to decrease and its selling price should be reduced 

also. So, it is more interesting to study a multiple-period for practical use. Therefore, this 

study will focus on a two-period newsvendor problem. In fact, some research works 

relating to supply chain contract have addressed two-period newsboy problem, e.g., 

Milner et al. (2002) and Xiaolong and Liwen (2008). However, those studies did not 

investigate supply chain coordination and win-win situation, or focused only on call 

option. Hence, to fulfill the gaps above, this research will also emphasize on supply chain 

coordination in the bidirectional option contract under a two-period newsvendor problem 

framework. 

 

1.3 Objectives of the study 

 

This research focuses on investigating supply chain coordination using bidirectional 

option contract in a two-period newsboy problem, and the targets are; 

 Determine optimal initial order quantity and option quantity in the bidirectional 

option contract. 

 Analyze effects of option and exercise prices, and identify conditions under which 

the supply chain can be coordinated. 

 

1.4 Scope and limitations 

 

This research studies a supply chain with the following characteristics; 

 The supply chain consists of one retailer and one supplier. 

 The retailer faces demand uncertainty in a two-period newsvendor problem. 
 The retail prices in both selling periods are set by the retailer.  
 Demands follow a uniform distribution. 
 Information about demand is known by both supplier and retailer. 
 The supplier has to produce in advance. 

 The retailer has only one opportunity to place the order. 
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CHAPTER 2 

LITERATURE REVIEW 

 

This chapter presents the overview of the supply chain contract and coordination, and 

newsvendor problem.  Furthermore, several literatures related to the bidirectional option 

contract and a two-period newsvendor model are reviewed. 

 

2.1 Overview of supply chain contract and coordination 

 

An efficient supply chain performance requires the firms to collaborate and coordinate 

among each other. However, the members always optimize supply chain performance 

based on their own profits, and finally, leads to an inefficient performance. Contract is 

one well-known mechanism to help the firms achieve coordination. According to 

Arshinder et al. (2008), the objectives of applying contract are presented as follows. 

 

 Optimization of the total supply chain profit. 

 Minimization of inventory related to cost of overstock and shortage. 

 Sharing fair risks between the supply chain members. 

 

Typically, contract aims the firms to align the supply chain’s objective by providing 

incentives to all members. The incentive drivers can be quantity, price, time, and etc. 

leading to the different types of contract. The elements of a contract for coordination 

illustrated by Govindan et al. (2013) is shown in Figure 2.1. 

 

 

 
 

 

Figure 2.1 Elements of coordination by contract (Govindan et al., 2013) 

 

Nowadays, there are several types of contract such as revenue sharing contract, buy-back 

contract, option contract, etc. The contract is designed based on the incentive drivers and 

the risks sharing among the parties. Govindan et al. (2003) also classifies the types of 

contract by two criteria which are 1) Transfer payment and 2) Inventory risk allocation. 

The example of the contracts based on each criterion is presented in Figure 2.2. 
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Figure 2.2 Types of contract based on criteria (Govindan et al., 2013) 

 

To evaluate the contract implementation, Cachon (2003) discussed three important 

criteria for the supply chain coordination which are presented as follows. 

 

 A contract must provide the firms in such a way that no firm has a profitable 

unilateral deviation from the set of supply chain optimal performances. Ideally, a 

supply chain should have only unique optimal solution to prevent the suboptimal 

action. 

 A contract should have adequate flexibility by adjusting parameters and share the 

profit among supply chain members. 

 A contract should be worth adopting. Even though the contract can achieve 

coordination and provide flexibility, the contract designer might choose a simple 

contract if the contract increases administrative cost. 

 

2.2 Overview of newsvendor problem 

 

The newsvendor or newsboy problem is a basic model consisting of two firms, a supplier 

and a retailer. Under the characteristics of classical newsvendor problem, the retailer is 

facing stochastic demand in a single period and has only one chance to place his order to 

the supplier. Newsvendor problem is widely used as the ground setting for investigating 

coordination by a contract because its model is not complex. From the study of Cachon 

(2003), the sequence of newsvendor events can be explained. Firstly, the supplier offers 

the retailer a contract. After that, the retailer places an order, Q. Before the beginning of 

selling season, the supplier produces and delivers the order to the retailer. Eventually, 

transfer payments are made between the firms according to the agreed contract. At the 

end of selling season, the leftover at the retailer can be sold as salvage, or the shortage is 

charged when the demand cannot be satisfied.  The sequence of events can be seen in 

Figure 2.3. 

 

To develop the model, let the demand (D) distribution function be F and density function 

be f. The expectation of the demand is 𝜇 = 𝐸[𝐷]. The supplier’s production cost is 𝑐𝑠 and 

the retailer’s marginal cost is 𝑐𝑟. The retail price is p and it should be noted that 𝑐𝑠 + 𝑐𝑟 <
𝑝. The supplier’ shortage cost is 𝑔𝑠 and the retailer’s shortage cost is 𝑔𝑟. There is a net 

salvage value v for the leftover inventory at the end of selling season.  
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Figure 2.3 Sequence of the basic newsvendor problem 

 

Let 𝑆(𝑞) be the expected sales and T be the transfer payment from the retailer to the 

supplier. The retailer’s profit function, 𝜋𝑟(𝑄) can be shown as follows. 

 

𝜋𝑟(𝑄) = (𝑝 − 𝑣 + 𝑔𝑟)𝑆(𝑞) − (𝑐𝑟 − 𝑣)𝑄 − 𝑔𝑟𝜇 − 𝑇 
 

The supplier’s profit function, 𝜋𝑠(𝑄) is shown as follows. 

 

𝜋𝑠(𝑄) = 𝑔𝑠𝑆(𝑄) − 𝑐𝑠𝑄 − 𝑔𝑠𝜇 + 𝑇 
 

Therefore, the total supply chain’s profit function, 𝜋𝑠𝑐(𝑄) is the sum of both firms’ profit 

functions where 𝑐 =  𝑐𝑠 + 𝑐𝑟 and 𝑔 = 𝑔𝑠 + 𝑔𝑟. 

 

𝜋𝑠𝑐(𝑄) = (𝑝 − 𝑣 + 𝑔)𝑆(𝑞) − (𝑐 − 𝑣)𝑄 − 𝑔𝜇 
 

Based on the newsvendor model, a number of contract types have been applied to this 

model such as buy-back and quantity flexible contracts. Furthermore, some research 

extends the classic newsvendor problem from single period to a multi-period setting. 

However, since the multi-period model is too complicated, most of the research works 

focus on a single-period model. 

 

2.3 Literatures of the bidirectional option contract 

 

Option contract is a typical approach providing the retailer with the flexibility by 

adjusting an initial order and dealing with uncertain demand without burdening the 

supplier. The option contract is identified by two parameters which are the option price 

and the exercised price. Basically, the option contract can be classified into three types 

based on the direction of exercised options which are ‘the call option’, ‘the put option’, 

and ‘the put and call option’ contracts or ‘the bidirectional option contract’. 

 

According to Zhao et al. (2013), the call option contract aims the retailer to decrease the 

initial order leading to the risk of under-stocking. In contrast, the put option contract 

subjects the retailer to increase the initial order causing the risk of excessive inventory. 

Furthermore, those single directional option contracts lead to Bullwhip effect in the 

supply chain. Hence, the bidirectional option contract is considered as the solution to 

solve those biased orders under the single directional option contracts. 
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Several of literatures related to the bidirectional option contract are reviewed in this study. 

Wang and Tsao (2006) study the single-period two-stage supply chain of put and call 

option contract from the buyer’s perspective. The study assumes that the demand is 

uniformly distributed. The study presents that under the put and call options, the supply 

chain can be coordinated. This study also conducts sensitivity analysis to investigate how 

the contract is still attractive under various values of parameters. However, the study does 

not investigate how the firms can allocate fair profit to each other. 

 

Padilla and Mishina (2009) study the option contract in which the retailer can modify the 

order both upward and downward adjustment. They analyze the supply chain consisting 

both one supplier-one retailer and multiple suppliers-one retailer. This study uses 

simulation approach in order to investigate supply chain coordination. The study finds 

that, for the model of one supplier-one retailer, the option contract can increase the supply 

chain’ profit from 6% to 12%. For another model, the supply chain’s profit will also 

increase if at least one supplier offers option contract. 

 

Zhang et al. (2010) study two-stage supply chain in perishable products facing highly 

uncertain demand, long production lead-time and short selling season. The supply chain 

consists of single manufacturer and retailer. The study determines the optimal retailer 

order’s policy of three types of contract, buy-back contract, bidirectional option contract, 

and buy-back with bidirectional option contract. The result shows that under the 

bidirectional option contract, the retailer’s order quantity increases comparing with buy-

back contract because the contract offers more flexible order to the retailer. When the 

manufacturer offers the buy-back contract with bidirectional option, the retailer increases 

option quantity when buy-back price increases. However, this study is still lacks of 

investigating coordination in each type of contract. 

 

Cheng et al. (2011) investigate supply chain coordination with the flexible contract in 

which the buyer can exercise either put or call options. The study examines the optimal 

quantity for the buyer to adopt the option contract and the optimal pricing decision for 

the seller to offer the option and exercised prices.  The study presents that the supply 

chain can be coordinated if the firms agree to share the profit improvements comparing 

with no contract agreement. 

 

Saithong and Luong (2012) study a two-stage and single-period supply chain under the 

put and call option contract. The study highlights the situation in which the option 

premium price is non-linear with respect to the number of option quantity. Comparing 

with the wholesale price contract, the study concludes that the supply chain can achieve 

coordination under such values of parameters defined the non-linear option premium 

price, 𝛼 and 𝛽. Furthermore, this study also investigates win-win situation and shows that 

the profit can be arbitrarily shared among each party. 

 

Zhao et al. (2013) study two-stage and single-period supply chain under the bidirectional 

option contract. The studies develops the closed-expression of the retailer’s optimal 

decision with the general demand distribution. Furthermore, this study also determines 

the condition in which the supply chain can achieve the coordination under the 

bidirectional option contract. Most of the literatures presented above are single-period 

model. To emphasize on the two-period model, the review of related literatures is 

presented in the next section. 
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2.4 Literatures of two-period newsvendor problem 

 

Time horizon is one important element to be considered in the supply chain coordination 

with the contract. From Govindan et al. (2013), time horizon can be classified into three 

categories, one-period, two-period, and multi-period settings. Since two and multi-period 

model are complex, most of the research focus on single-period model. However, in 

reality, the selling price defined by the market and its demand might decline in the second 

period because the effect of new product launching and accordingly, single-period models 

might not be effectively applied. We can observe that many research works also extend a 

single-period model and focus on two-or multi-period newsvendor problem. 

 

Xiaolong and Liwen (2008) investigate the coordination in the option contract with the 

two-period demand. Under this study, the supplier offers two option prices and one 

exercised price. Furthermore, the supplier also offers two-production mode, normal and 

fast, to the retailer in order to cope with the demand uncertainty. The study examines the 

conditions in which the supply chain can be coordinated. This study concludes that under 

such option contract, the supply chain can achieve coordination and the profits can be 

arbitrarily allocated. 

 

Linh and Hong (2009) study the supply chain with the revenue sharing contract and two-

period newsboy problem. The supply chain consists of a wholesaler and a retailer. This 

study discusses two models for the retailer’s decision which are a single opportunity to 

place the order and a two opportunities model. The study shows that the supply chain can 

achieve coordination and win-win situation under such revenue sharing ratio and 

wholesale prices. 

 

Zhao and Huang (2011) study two-period and two-stage supply chain under wholesale 

price contract. The study set the parties adopting the long-run strategy, i.e., maximization 

their own profits in a two-period horizon. This study assumes that the retailer can place 

the order for the demand in the second period when the sales in the first period is already 

observed. The study presents that the retailer obtains higher profit since he can place the 

order from more precise demand. However, the study also investigates that under the 

wholesale price contract, the supply chain cannot be coordinated. 

 

Wang et al. (2013) study the modified two-period newsvendor problem of the supply 

chain in which the unsatisfied demand in the first period can be shifted to the second 

period with a certain shifting demand rate. This study determines the optimal order 

quantity and the conditions of the retail prices in order to maximize expected profit. It 

shows that when the unsatisfied demand is shifted to the second period, the supply chain 

can obtain more sales towards the second items comparing with the classical newsvendor 

problem. 

 

Hematyar and Chaharsooghi (2014) study two-stage supply chain with the insurance 

contract and customer returns in two-period newsboy problem. This study investigates 

the supply chain performance of the insurance contract comparing with the revenue 

sharing contract. It presents that under the insurance contract, the supply chain can be 

coordinated and the retailer can obtain higher profit than in the revenue sharing contract. 

Furthermore, under the coordinated supply chain, the insurance contract is also win-win 

for both parties meanwhile the revenue sharing contract is not. 
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CHAPTER 3 

METHODOLOGY 

 

To understand the method for investigating coordination comprehensively, this chapter 

clarifies the mechanism of the bidirectional option contract and presents the methodology 

in order to achieve the study’s objectives. 

 

3.1 Description of the bidirectional option contract 

 

In order to understand the mechanism of the bidirectional option contract, the sequence 

of the events and some assumptions should be defined. Let the events of the supply chain 

be divided into three horizons which are as follows. 

 

1) Planning horizon (T0 - T1), the retailer orders the product based on forecasted 

demand. 

2) The first selling season (T1 - T2), the product is delivered and sold to satisfy 

demand in period 1. 

3) The second selling season (T2 - T3), the leftover inventory from period 1 is sold 

with lower price, and salvage or shortage are considered at the end of selling 

season. 

 

The sequence of events of the supply chain is described below. 

 

Stage 0: the beginning of planning horizon (T0) 

 

The supplier offers the retailer the wholesale price (w), the option premium price (wo), 

and the exercise prices for both put (wep) and call (wec) options. Then, the retailer places 

the initial order quantity (Q0) at the wholesale price, and buys the option volume (qo) at 

the option price. Next, the supplier, who adopts a made-to-order policy, produces Q0+qo 

quantities with unit production cost (cs).  

 

Stage 1: The beginning of the first selling season (T1) 

 

The retailer updates realized demand (x), covering both selling periods (x = x1 + x2), and 

adjusts the initial order by exercising either call or put options (qe). The volume of qe 

needs to comply with the condition −𝑞𝑜 ≤ 𝑞𝑒 ≤ 𝑞𝑜 and the criteria to adjust the quantity 

is presented as follows. 

  

 If the realized demand > initial order quantity, the retailer exercises call option by 

increasing initial order quantities (qe), and he pays extra cost for each unit 

exercised as call (wec). 

 If the realized demand < initial order quantity, the retailer exercises put option 

(qe), and he gets the refund from the decreased volume at the unit exercise price 

as put (wep). 

 

The criteria for exercising options are presented in Table 3.1. 

 

After that, the supplier delivers the final quantity to the retailer (Q0 + qe). If the supplier 

has leftover inventory, he will sell as salvage with unit salvage price (v) at the end of 

selling season. For the retailer, he sells the products with the retail price, p1 for actual 
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demand in period 1, and the remaining amount will be the inventory for selling in the 

second period. When the retailer cannot satisfy the demand, he has to pay shortage cost 

(g). 

 

 Table 3.1 Criteria for exercising options 

Realized 

demand 

Exercised 

decision 

Range of 

exercised volume 

Associated 

price 

x > Q0 Call option 0 < q
e
 ≤ q

0
 wec 

x < Q0 Put option -q
0
 ≤ q

e
 <0 wep 

 

Stage 2: The beginning of the second selling season (T2) 

 

The retailer sells the product from the leftover of the first period with the retail price 

declined in the second selling season (p2 < p1) to fulfill the actual demand in the second 

period. 

 

Stage 3: The end of the second selling season (T3) 

 

The retailer sells the leftover inventory as salvage with the price (v). On the other hand, 

when he cannot satisfy the demand, he has to pay shortage cost (g). 

 

The sequence of the events in the supply chain is shown in Figure 3.1. It is noted that y is 

represented for leftover inventory at the end of the first selling season, and Q = Q0  + qe 

is represented for the actual quantity delivered to the retailer. 

 

 
 

Figure 3.1 Sequence of the bidirectional option contract 
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3.2 Methods 

 

First of all, information will be gathered and reviewed from several literatures. Next, 

mathematical models of profit functions will be formulated. With the profit functions 

derived, the optimal solutions will be determined. After that, computer program will be 

constructed using MATLAB software package and the experiments will be conducted. 

Lastly, conclusions and recommendations are made for future research directions. The 

methodology flowchart is presented in Figure 3.2. 

 

 

 
 

Figure 3.2 Methodology flowchart 

1. Review of related literatures  

 Bidirectional option contract 

 Two-period newsvendor problem 

2. Develop mathematical models  

 Demand distribution functions 

 Stochastic variables 

 Profit functions of all partners 

3. Determine the optimal solutions for each contract  

4. Define the assumptions and construct the program 

to investigate the coordination for base case  

5. Conduct the experiments and sensitivity analysis 

for the following parameters 

 Option premium price 

 Exercised prices of call vs. put option 

 Salvage value vs. shortage cost 

 Retailer prices in the first vs. second period 

 Demand in the second period 

 Profit sharing 

6. Conclusions and recommendations  
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CHAPTER 4 

MATHEMATICAL MODEL DEVELOPMENT 

 

4.1 Notation and demand function 

 

This study focuses on two-stage supply chain in which a retailer is facing a two-period 

newsvendor problem, and bidirectional option contract is considered to apply for a supply 

chain. The notations used in this study are shown as follows. 

 

𝑝𝑖 = Unit retail price in period i 

𝑤 = Unit wholesale price 

𝑤𝑜 = Unit option premium price 

𝑤𝑒𝑐 = Unit exercised price of call option 

𝑤𝑒𝑝 = Unit exercised price of put option 

𝑐𝑠 = Supplier’s unit production cost 

𝑔 = Retailer’s unit shortage cost 

𝑄 = The order quantity in centralized system 

𝑄0 = The initial order quantity at the beginning of period 1 

𝑞𝑜 = The quantity of option purchased 

𝑞𝑒 = The quantity of option exercised 

𝑥𝑖 = Random variable representing demand in period i 

𝜇𝑖 = Expected demand in period i 

𝑣 = Salvage value 

𝑓𝑖(. ) = Probability density function of demand in period i 

𝐹𝑖(. ) = Cumulative distribution function of demand in period i 

𝜋𝑠𝑐(. ) = Supply chain’s profit function 

𝜋𝑠
𝑖(. ) = Supplier’s profit function in period i 

𝜋𝑟
𝑖 (. ) = Retailer’s profit function in period i 

 

It is noted that i = 1, 2 represents for period 1, 2, respectively. In order to analyze 

stochastic demand, the demand in both periods are assumed to be uniformly distributed. 

In addition, because of the effect of new product launching, the demand of existing 

product in the second period is assumed to be lower than in the first period. The details 

of demand function are shown as follows. 

 

Let 𝑋1 and 𝑋2 be the demand in the first and second periods. We have, 

 

𝑋1 = 𝑈(𝑎, 𝑏) and 𝑋2 = 𝑈(𝑐, 𝑑) which c < d < a < b 

 

Let 𝑋 be the total demand which is the sum of the demands in both periods presented as 

follows. 

 

𝑋 = 𝑋1 + 𝑋2 and 𝑋 ∈ [𝑎 + 𝑐, 𝑏 + 𝑑] 
 

From the computation by using conditioning technique showing in Appendix 1, the 

distribution of 𝑋 can be derived as follows. 
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1)  When 𝑎 + 𝑑 ≤ 𝑏 + 𝑐 

 

Probability density function 

 

𝑓(𝑥) =

{
 
 
 
 

 
 
 
 

0              , 𝑖𝑓 𝑥 ≤ 𝑎 + 𝑐

𝑥 − (𝑎 + 𝑐)

(𝑏 − 𝑎)(𝑑 − 𝑐)
, 𝑖𝑓 𝑎 + 𝑐 ≤ 𝑥 ≤ 𝑎 + 𝑑

1

(𝑏 − 𝑎)
        , 𝑖𝑓 𝑎 + 𝑑 ≤ 𝑥 ≤ 𝑏 + 𝑐

−𝑥 + (𝑏 + 𝑑)

(𝑏 − 𝑎)(𝑑 − 𝑐)
 , 𝑖𝑓 𝑏 + 𝑐 ≤ 𝑥 ≤ 𝑏 + 𝑑

0              , 𝑖𝑓 𝑥 ≥ 𝑏 + 𝑑 

 

 

Cumulative distribution function 

 

𝐹(𝑥) =

{
 
 
 
 

 
 
 
 

0                                                , 𝑖𝑓 𝑥 ≤ 𝑎 + 𝑐

 
𝑥2 − 2(𝑎 + 𝑐)𝑥 + (𝑎 + 𝑐)2

2(𝑏 − 𝑎)(𝑑 − 𝑐)
                         , 𝑖𝑓 𝑎 + 𝑐 ≤ 𝑥 ≤ 𝑎 + 𝑑

2(𝑑 − 𝑐)𝑥 + (𝑐2 − 𝑑2 − 2𝑎(𝑑 − 𝑐))

2(𝑏 − 𝑎)(𝑑 − 𝑐)
               , 𝑖𝑓 𝑎 + 𝑑 ≤ 𝑥 ≤ 𝑏 + 𝑐

−𝑥2 + 2(𝑏 + 𝑑)𝑥 − (𝑑2 + 𝑏2 + 2(𝑐𝑏 + 𝑎𝑑 − 𝑎𝑐))

2(𝑏 − 𝑎)(𝑑 − 𝑐)
 , 𝑖𝑓 𝑏 + 𝑐 ≤ 𝑥 ≤ 𝑏 + 𝑑

1                                                , 𝑖𝑓 𝑥 ≥ 𝑏 + 𝑑 

 

 

2) When 𝑎 + 𝑑 ≥ 𝑏 + 𝑐 

 

Probability density function 

 

𝑓(𝑥) =

{
 
 
 
 

 
 
 
 

0              , 𝑖𝑓 𝑥 ≤ 𝑎 + 𝑐

𝑥 − (𝑎 + 𝑐)

(𝑏 − 𝑎)(𝑑 − 𝑐)
, 𝑖𝑓 𝑎 + 𝑐 ≤ 𝑥 ≤ 𝑏 + 𝑐

1

(𝑑 − 𝑐)
        , 𝑖𝑓 𝑏 + 𝑐 ≤ 𝑥 ≤ 𝑎 + 𝑑

−𝑥 + (𝑏 + 𝑑)

(𝑏 − 𝑎)(𝑑 − 𝑐)
 , 𝑖𝑓 𝑎 + 𝑑 ≤ 𝑥 ≤ 𝑏 + 𝑑

0              , 𝑖𝑓 𝑥 ≥ 𝑏 + 𝑑 
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Cumulative distribution function 

 

𝐹(𝑥) =

{
 
 
 
 

 
 
 
 

0                                                , 𝑖𝑓 𝑥 ≤ 𝑎 + 𝑐

 
𝑥2 − 2(𝑎 + 𝑐)𝑥 + (𝑎 + 𝑐)2

2(𝑏 − 𝑎)(𝑑 − 𝑐)
                         , 𝑖𝑓 𝑎 + 𝑐 ≤ 𝑥 ≤ 𝑏 + 𝑐

2(𝑏 − 𝑎)𝑥 + (𝑎2 − 𝑏2 − 2𝑐(𝑏 − 𝑎))

2(𝑏 − 𝑎)(𝑑 − 𝑐)
               , 𝑖𝑓 𝑏 + 𝑐 ≤ 𝑥 ≤ 𝑎 + 𝑑

−𝑥2 + 2(𝑏 + 𝑑)𝑥 − (𝑑2 + 𝑏2 + 2(𝑐𝑏 + 𝑎𝑑 − 𝑎𝑐))

2(𝑏 − 𝑎)(𝑑 − 𝑐)
 , 𝑖𝑓 𝑎 + 𝑑 ≤ 𝑥 ≤ 𝑏 + 𝑑

1                                                , 𝑖𝑓 𝑥 ≥ 𝑏 + 𝑑 

 

 

 

4.2 Supply chain under the wholesale price contract 

 

Under no contract agreement, the firms normally operate wholesale price contract. Hence, 

the wholesale price contract is considered as a benchmark contract in this study and 

examined if it can coordinate the supply chain. Next, expected sales, expected inventory, 

and expected shortage are determined. 

 

Let 𝐸[𝑆(𝑄)] be the total expected sales. 

 

𝐸[𝑆(𝑄)]  = 𝐸[𝑀𝑖𝑛(𝑥, 𝑄)] 

  =  ∫ 𝑀𝑖𝑛
∞

0
(𝑥, 𝑄)𝑓(𝑥)𝑑𝑥 

  = ∫ 𝑥𝑓(𝑥)𝑑𝑥 + ∫ 𝑄𝑓(𝑥)𝑑𝑥
∞

𝑄

𝑄

0
 

  = ({𝑄𝐹(𝑄) − 0} − ∫ 𝐹(𝑥)𝑑𝑥
𝑄

0
) + 𝑄{1 − 𝐹(𝑄)} 

  = 𝑄 − ∫ 𝐹(𝑥)𝑑𝑥
𝑄

0
 

 

Let 𝐸[𝑆1(𝑄)] be the expected sales in the first selling period. 

 

𝐸[𝑆1(𝑄)]  = 𝐸[𝑀𝑖𝑛(𝑥1, 𝑄)] 

  =  ∫ 𝑀𝑖𝑛
∞

0
(𝑥1, 𝑄)𝑓1(𝑥1)𝑑𝑥1 

  = ∫ 𝑥1𝑓1(𝑥1)𝑑𝑥1 + ∫ 𝑄𝑓1(𝑥1)𝑑𝑥1
∞

𝑄

𝑄

0
 

  = ((𝑄𝐹1(𝑄) − 0) − ∫ 𝐹1(𝑥1)𝑑𝑥1
𝑄

0
) + 𝑄(1 − 𝐹1(𝑄)) 

  = 𝑄 − ∫ 𝐹1(𝑥1)𝑑𝑥1
𝑄

0
 

 

Let 𝐸[𝐿1(𝑄)] be the expected shortage volume in the first selling period. 

 

𝐸[𝐿1(𝑄)] = 𝐸[𝑀𝑎𝑥(𝑥1 − 𝑄, 0)] 

  = ∫ 𝑀𝑎𝑥(𝑥1 − 𝑄, 0)𝑓(𝑥1)𝑑𝑥1
∞

0
 

  = ∫ 𝑥1𝑓1(𝑥1)𝑑𝑥1 − ∫ 𝑄𝑓1(𝑥1)𝑑𝑥1
∞

𝑄

∞

𝑄
 

  = ∫ 𝑥1𝑓1(𝑥1)𝑑𝑥1 − ∫ 𝑥1𝑓1(𝑥1)𝑑𝑥1 − ∫ 𝑄𝑓1(𝑥1)𝑑𝑥1
∞

𝑄

𝑄

0

∞

0
 

  = 𝜇1 − 𝐸[𝑆1(𝑄)]  
 

It is noted that 𝜇1 is the expectation of the demand in period 1 and 𝜇1 =
(𝑎+𝑏)

2
  



 

14 

 

Let 𝐸[𝑆2(𝑄)] be the expected sales in the second selling period. 

 

𝐸[𝑆(𝑄)] = 𝐸[𝑆1(𝑄)] + 𝐸[𝑆2(𝑄)] 
𝐸[𝑆2(𝑄)] = 𝐸[𝑆(𝑄)] − 𝐸[𝑆1(𝑄)] 

= (𝑄 − ∫ 𝐹(𝑥)𝑑𝑥
𝑄

0
) − (𝑄 − ∫ 𝐹1(𝑥1)𝑑𝑥1

𝑄

0
) 

= ∫ 𝐹1(𝑥1)𝑑𝑥1
𝑄

0
− ∫ 𝐹(𝑥)𝑑𝑥

𝑄

0
 

 

Let 𝐸[𝐼2(𝑄)] be the expected excess inventory at the end of the second selling period. 

 

𝐸[𝐼2(𝑄)] = 𝐸[𝑀𝑎𝑥(0, 𝑄 − 𝑥)] 

  = ∫ 𝑀𝑎𝑥(0, 𝑄 − 𝑥)𝑓(𝑥)𝑑𝑥
∞

0
 

  = ∫ 𝑄𝑓(𝑥)𝑑𝑥 − ∫ 𝑥𝑓(𝑥)𝑑𝑥
𝑄

0

𝑄

0
 

  = 𝑄(𝐹(𝑄) − 0) − ((𝑄𝐹(𝑄) − 0) − ∫ 𝐹(𝑥)𝑑𝑥
𝑄

0
) 

  = ∫ 𝐹(𝑥)𝑑𝑥
𝑄

0
 

  = 𝑄 − 𝐸[𝑆(𝑄)]  
 

Let 𝐸[𝐿2(𝑄)] be the expected shortage volume in the second selling period. 

 

𝐸[𝐿2(𝑄)] = 𝐸[𝑀𝑎𝑥(𝑥 − 𝑄, 0)] 

  = ∫ 𝑀𝑎𝑥(𝑥 − 𝑄, 0)𝑓(𝑥)𝑑𝑥
∞

0
 

  = ∫ 𝑥𝑓(𝑥)𝑑𝑥 − ∫ 𝑄𝑓(𝑥)𝑑𝑥
∞

𝑄

∞

𝑄
 

  = ∫ 𝑥𝑓(𝑥)𝑑𝑥 − ∫ 𝑥𝑓(𝑥)𝑑𝑥 − 𝑄(1 − 𝐹(𝑄))
𝑄

0

∞

0
 

  = 𝐸[𝑥] − (𝑄𝐹(𝑄) − ∫ 𝐹(𝑥)𝑑𝑥
𝑄

0
) − 𝑄 + 𝑄𝐹(𝑄) 

  = 𝜇 − 𝑄 + ∫ 𝐹(𝑥)𝑑𝑥
𝑄

0
 

  = 𝜇 − 𝐸[𝑆(𝑄)]  
 

It is noted that 𝜇 is the expectation of the total demand and 𝜇 =
𝑎+𝑏+𝑐+𝑑

2
.  

 

4.2.1 Profit functions in wholesale price contract 

 

 Retailer’s profit function 

 

Considering the first selling season, the expected profit of the retailer which consists of 

the revenue from the sales in the first period subtracting the cost from purchased order 

and shortage can be derived as follows. 

 

𝜋𝑟
1(𝑄) =    𝑝1𝐸[𝑆1(𝑄)] − 𝑄𝑤 − 𝑔𝐸[𝐿1(𝑄)] 

 

For the second selling season, the revenue of the retailer in the second period composes 

of the revenue from sales in the second period and the salvage value. For the costs, it 

consists of shortage cost. Hence, the expected profit of the retailer in the second selling 

period can be determined as follows. 

 

𝜋𝑟
2(𝑄) =    𝑝2𝐸[𝑆2(𝑄)] + 𝑣[𝐼2(𝑄)] − 𝑔𝐸[𝐿2(𝑄)] 
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The retailer’s expected profit is then determined as the sum of the profits in both periods 

as follows. 

 

𝜋𝑟(𝑄) =    𝑝1𝐸[𝑆1(𝑄)] − 𝑄𝑤 − 𝑔𝐸[𝐿1(𝑄)] + 𝑝2𝐸[𝑆2(𝑄)] + 𝑣[𝐼2(𝑄)] − 𝑔𝐸[𝐿2(𝑄)] 
 

             =    𝑝1𝐸[𝑆1(𝑄)] − 𝑄𝑤 − 𝑔(𝜇1 − 𝐸[𝑆1(𝑄)]) + 𝑝2(𝐸[𝑆(𝑄)] − 𝐸[𝑆1(𝑄)])  
 

                    +𝑣(𝑄 − 𝐸[𝑆(𝑄)]) − 𝑔(𝜇 − 𝐸[𝑆(𝑄)]) 
 

 

             =    (𝑝1 − 𝑝2 + 𝑔)𝐸[𝑆1(𝑄)] + (𝑝2 − 𝑣 + 𝑔)𝐸[𝑆(𝑄)] − 𝑔(𝜇1 + 𝜇) 
 

−(𝑤 − 𝑣)𝑄   
 

             =    (𝑝1 − 𝑝2 + 𝑔)(𝑄 −∫ 𝐹1(𝑥1)𝑑𝑥1

𝑄

0

) + (𝑝2 − 𝑣 + 𝑔)(𝑄 −∫ 𝐹(𝑥)𝑑𝑥
𝑄

0

) 

−𝑔(𝜇1 + 𝜇) − (𝑤 − 𝑣)𝑄  
 

             =    (𝑝1 + 2𝑔 − 𝑤)𝑄 − (𝑝1 − 𝑝2 + 𝑔)∫ 𝐹1(𝑥1)𝑑𝑥1

𝑄

0

− (𝑝2 − 𝑣 + 𝑔)∫ 𝐹(𝑥)𝑑𝑥
𝑄

0

 

−𝑔(𝜇1 + 𝜇)  
 

 Supplier’s profit function 

 

For the supplier, the expected profit consists of the revenue from the ordering volume and 

the cost of production. 

 

𝜋𝑠(𝑄) =    (𝑤 − 𝑐𝑠)𝑄 
 

 Supply chain’s profit function 

 

The supply chain’s profit function is the sum of both members’ profits. 

 
𝜋𝑠𝑐(𝑄) =    𝜋𝑟(𝑄) + 𝜋𝑠(𝑄) 
 

              =    (𝑝1 + 2𝑔 − 𝑤)𝑄 − (𝑝1 − 𝑝2 + 𝑔)∫ 𝐹1(𝑥1)𝑑𝑥1

𝑄

0

− (𝑝2 − 𝑣 + 𝑔)∫ 𝐹(𝑥)𝑑𝑥
𝑄

0

 

−𝑔(𝜇1 + 𝜇) + (𝑤 − 𝑐𝑠)𝑄 
 

              =   (𝑝1 + 2𝑔 − 𝑐𝑠)𝑄 − (𝑝1 − 𝑝2 + 𝑔)∫ 𝐹1(𝑥1)𝑑𝑥1

𝑄

0

− (𝑝2 − 𝑣 + 𝑔)∫ 𝐹(𝑥)𝑑𝑥
𝑄

0

 

−𝑔(𝜇1 + 𝜇) 
 

  



 

16 

 

4.2.2 Centralized system with Wholesale price contract 

 

In centralized supply chain, both supplier and retailer are assumed to belong to the same 

company and coordinate with each other in order to maximize the whole supply chain’s 

profit. Hence, the whole supply chain’s profit function is used to determine the optimal 

order quantity, 𝑄𝑠𝑐
∗ . 

 

We have, 

 
𝜕𝜋𝑠𝑐(𝑄)

𝜕𝑄
=  (𝑝1 + 2𝑔 − 𝑐𝑠) − (𝑝1 − 𝑝2 + 𝑔)𝐹1(𝑄) − (𝑝2 − 𝑣 + 𝑔)𝐹(𝑄) 

 

𝜕2𝜋𝑠𝑐(𝑄)

𝜕𝑄2
= −(𝑝1 − 𝑝2 + 𝑔)𝑓1(𝑄) − (𝑝2 − 𝑣 + 𝑔)𝑓(𝑄) 

 

From 
𝜕2𝜋𝑠𝑐(𝑄)

𝜕𝑄2
, it can be seen that 𝜋𝑠𝑐(𝑄) is concave in Q due to  

𝜕2𝜋𝑠𝑐(𝑄)

𝜕𝑄2
< 0. Hence, 𝑄𝑠𝑐

∗  

can be determined from the unique solution of  
𝜕𝜋𝑠𝑐(𝑄)

𝜕𝑄
= 0. However, the explicit 

expression of 𝑄𝑠𝑐
∗  cannot be determined. Bisection method, a root-finding method, can be 

used to determine 𝑄𝑠𝑐
∗  .  

 

4.2.3 Decentralized system with Wholesale price contract 

 

In reality, there are many conflicts between the supply chain members. Even though the 

centralized channel can assure that the supply chain can reach coordination, it might not 

be realistic. In decentralized channel, the members try to optimize their decisions without 

considering the impact of their decisions on other members and overall supply chain 

performance. In this section, the decentralized model will be examined to see if the supply 

chain can be coordinated. 

 

Ordinarily, the supply chain will be analyzed based on the retailer’s decision. Therefore, 

the expected profit of the retailer derived from previous section will be analyzed here. 

 

𝜋𝑟(𝑄) =    (𝑝1 + 2𝑔 − 𝑤)𝑄 − (𝑝1 − 𝑝2 + 𝑔)∫ 𝐹1(𝑥1)𝑑𝑥1

𝑄

0

− (𝑝2 − 𝑣 + 𝑔)∫ 𝐹(𝑥)𝑑𝑥
𝑄

0

 

−𝑔(𝜇1 + 𝜇)  
 

We have, 

 
𝜕𝜋𝑟(𝑄)

𝜕𝑄
  = (𝑝1 + 2𝑔 − 𝑤) − (𝑝1 − 𝑝2 + 𝑔)𝐹1(𝑄) − (𝑝2 − 𝑣 + 𝑔)𝐹(𝑄) 

 

𝜕2𝜋𝑟(𝑄)

𝜕𝑄2
= −(𝑝1 − 𝑝2 + 𝑔)𝑓1(𝑄) − (𝑝2 − 𝑣 + 𝑔)𝑓(𝑄) 
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It is clear that retailer’s profit is concave because 
𝜕2𝜋𝑟(𝑄)

𝜕𝑄2
< 0. Therefore, 𝑄𝑟

∗, the optimal 

order quantity in decentralized channel, can be determined from 
𝜕𝜋𝑟(𝑄)

𝜕𝑄
= 0 by using 

bisection method. 

 

It should be noted that the solutions of  
𝜕𝜋𝑠𝑐(𝑄)

𝜕𝑄
 = 0 and 

𝜕𝜋𝑟(𝑄)

𝜕𝑄
 = 0 which give optimal 

order quantities are not the same due to 𝑐𝑠 < 𝑤. Therefore, the retailer will not order 

enough volume to maximize supply chain’s profit. If the firms want to reach coordination, 

the supplier must offer the wholesale price to the retailer equal to 𝑐𝑠. This decision leads 

the supplier to non-profit situation, and it is not practical in reality. Therefore, it can be 

confirmed that under the wholesale price contract, the supply chain cannot be 

coordinated. 

 

4.3 Supply chain under the bidirectional option contract 

 

In this section, the bidirectional option contract will be analyzed. Under bidirectional 

option contract, the decision at the previous stage will affect the subsequent stage. In 

details, the initial order quantity and option quantity will affect the retailer’s decision on 

the quantity to be exercised based on the realized demand represented by x. Hence, the 

demand function in the first selling season (𝑥1) will be the conditional function with 

respect to x and it can be derived as follows. 

 

The conditional probability density function of X1 given X = x is determined as follows. 

 

𝑓𝑋1|𝑋1+𝑋2 = 𝑥 (𝑥1|𝑥) =  
𝑓(𝑋1  =  𝑥1,  𝑋1  +  𝑋2 = 𝑥)

𝑓𝑋1+𝑋2(𝑥)
 

 

= 
𝑓(𝑋1  =  𝑥1,  𝑋2 =  𝑥 − 𝑥1)

𝑓(𝑥)
 

 

= 
𝑓𝑋1(𝑥1) ∙ 𝑓𝑋2(𝑥 − 𝑥1)

𝑓(𝑥)
 

 

= 
1

(𝑏 − 𝑎)(𝑑 − 𝑐)𝑓(𝑥)
 

 

Let determine the domain of x1 given x. 

 

From the assumption,  𝑎 ≤  𝑥1 ≤ 𝑏 

 

And the conditions that,   𝑐 ≤  𝑥2 ≤ 𝑑 

𝑐 ≤  𝑥 − 𝑥1 ≤ 𝑑 

𝑥 − 𝑑 ≤  𝑥1 ≤ 𝑥 − 𝑐 
 

The domain of x1 given x is determined follows. 

 

𝑀𝑎𝑥(𝑎, 𝑥 − 𝑑) ≤  𝑥1 ≤ 𝑀𝑖𝑛(𝑏, 𝑥 − 𝑐) 
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Then, the conditional expected sales of the first selling season, denoted by 𝐸[𝑆1
′], can be 

derived as follows. 

 

𝐸[𝑆1
′] = ∫ 𝑥1

min(𝑏,𝑥−𝑐)

max(𝑎,𝑥−𝑑)

𝑓𝑋1|𝑥 (𝑥1|𝑥)𝑑𝑥1 

 

In this contract, the profit function will be analyzed in three stages. Firstly, in stage 1, the 

supplier offers the contract and the retailer places the orders. Secondly, in stage 2, the 

retailer exercises the options, receives the product, and satisfies the demand in the first 

selling season.  Lastly, the retailer sells the product and incurs the shortage or overage 

cost at the end of the second selling season. 

 

The profit function at T0 – the first stage 

 

At this stage, the retailer has to determine Q0 and qo and the supplier will produce the 

product adopting made-to-order policy. 

 

 Retailer’s profit at T0 
 
The retailer incurs the cost of purchasing initial order and option volume. 

 

𝜋𝑟
0(𝑄0, 𝑞𝑜)   =    −𝑤𝑄0 − 𝑤𝑜𝑞𝑜 

 

 Supplier’s profit at T0 

 

The supplier incurs the cost of production and obtains the revenue from initial order 

quantity and option volume. 

 

𝜋𝑠
0(𝑄0, 𝑞𝑜)   =    𝑤𝑄0 + 𝑤𝑜𝑞𝑜 − 𝑐𝑠(Q0 + 𝑞𝑜) 

 

The profit function at T1 – selling stages 

 

The second stage is the beginning of the first selling season. The retailer observes the 

realized demand for both periods, x. It should be noted that x can receive many values 

and that will affect the decision of exercised volume. Hence, this stage will be analyzed 

for the situations in which the realized demand is known and locates in a specific range. 

In fact, x might receive the value in the ranges between the values 𝑎 + 𝑐, 𝑄0 −
 𝑞𝑜 , 𝑄0, 𝑄0 + 𝑞𝑜 , 𝑎 + 𝑑 and the possible cases of x are presented as follows: 

 

Case 1: 𝑎 + 𝑐 ≤ 𝑥 ≤ 𝑄0 − 𝑞𝑜 

Case 2: 𝑄0 − 𝑞𝑜 ≤ 𝑥 ≤  𝑄0 

Case 3: 𝑄0 ≤ 𝑥 ≤  𝑄0 + 𝑞𝑜 

Case 4: 𝑄0 + 𝑞𝑜 ≤ 𝑥 ≤ 𝑏 + 𝑑 

 

The profit function of each case can be derived as follows. 
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Case 1: 𝑎 + 𝑐 ≤ 𝑥 ≤ 𝑄0 − 𝑞𝑜  

 

 
 

Figure 4.1 Realized demand is between 𝒂 + 𝒄 ≤ 𝒙 ≤ 𝑸𝟎 − 𝒒𝒐  

 

In this case, the realized demand is less than 𝑄0 − 𝑞𝑜 (Figure 4.1). Then, the retailer will 

exercise put option and gain refunds from full option quantity,  𝑞𝑒
∗ = −𝑞𝑜. Both firms 

have left amount which can be sold as salvage. 

 

 Retailer’s profit at T1 for case 1 

 

𝜋𝑟
1,2(𝑄0, 𝑞𝑜 , −𝑞𝑜)   =   𝑤𝑒𝑝𝑞𝑜 + 𝑝1𝐸[𝑆1

′] + 𝑝2(𝑥 − 𝐸[𝑆1
′]) + 𝑣(𝑄0 − 𝑞𝑜 − 𝑥) 

 

 Supplier’s profit at T1 for case 1 

 

𝜋𝑠
1(𝑄0, 𝑞𝑜 , −𝑞𝑜)   =    −𝑤𝑒𝑝𝑞𝑜 + 𝑣(2𝑞𝑜) 

 

 

Case 2: 𝑄0 − 𝑞𝑜 ≤ 𝑥 ≤ 𝑄0 
 

 
 

Figure 4.2 Realized demand is between 𝑸𝟎 − 𝒒𝟎 ≤ 𝒙 ≤ 𝑸𝟎 

 

In this case, the retailer exercises put option, 𝑞𝑒
∗ = −(𝑄0 − 𝑥), and gets refund. He will 

not bear either inventory or shortage cost. For the supplier, he has excessive inventory, 

and he will sell it as salvage. 

 

 Retailer’s profit at T1 for case 2 

 

𝜋𝑟
1,2(𝑄0, 𝑞𝑜 , −(𝑄0 − 𝑥))   =    𝑤𝑒𝑝(𝑄0 − 𝑥) + 𝑝1𝐸[𝑆1

′] + 𝑝2(𝑥 − 𝐸[𝑆1
′]) 

 

 Supplier’s profit at T1 for case 2 

 
𝜋𝑠
1(𝑄0, 𝑞𝑜 , −(𝑄0 − 𝑥))   =   −𝑤𝑒𝑝(𝑄0 − 𝑥) + 𝑣(𝑄0 + 𝑞𝑜 − 𝑥) 
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Case 3: 𝑄0 ≤ 𝑥 ≤ 𝑄0 + 𝑞𝑜  

 

 
 

Figure 4.3 Realized demand is between 𝑸𝟎 ≤ 𝒙 ≤ 𝑸𝟎 + 𝒒𝒐 

 

In this case, the retailer exercises call option, 𝑞𝑒
∗ = +(𝑥 − 𝑄0). Then, he has to pay for the 

additional call volume, 𝑞𝑒
∗. 

 

 Retailer’s profit at stage T1 for case 3 

 

𝜋𝑟
1,2(𝑄0, 𝑞𝑜 , +(𝑥 − 𝑄0))   =    −𝑤𝑒𝑐(𝑥 − 𝑄0) + 𝑝1𝐸[𝑆1

′] + 𝑝2(𝑥 − 𝐸[𝑆1
′]) 

 

 Supplier’s profit at T1 for case 3 

 

𝜋𝑠
1(𝑄0, 𝑞𝑜 , +(𝑥 − 𝑄0))   =    𝑤𝑒𝑐(𝑥 − 𝑄0) + 𝑣(𝑄0 + 𝑞𝑜 − 𝑥) 

 

 

Case 4: 𝑄0 + 𝑞𝑜 ≤ 𝑥 ≤ 𝑏 + 𝑑 

 

 
 

Figure 4.4 Realized demand is between 𝑸𝟎 + 𝒒𝟎 ≤ 𝒙 ≤ 𝒃 + 𝒅 

 

In this case, the realized demand is greater than the order quantity. The retailer exercises 

call option and receives the additional quantity, 𝑞𝑒
∗ = +𝑞𝑜. He has to pay not only extra 

cost for call options, but also shortage cost. Under this case, the supplier will not have 

any left amount of unsold products. 

 

 Retailer’s profit at T1 for case 4 

 

𝜋𝑟
1,2(𝑄0, 𝑞𝑜 , +𝑞𝑜)   =    −𝑤𝑒𝑐𝑞𝑜 + 𝑝1𝐸[𝑆1

′] + 𝑝2(𝑄0 + 𝑞𝑜 − 𝐸[𝑆1
′]) − 𝑔(𝑥 − (𝑄0 + 𝑞𝑜)) 

 

 Supplier’s profit at T1 for case 4 

 

𝜋𝑠
1(𝑄0, 𝑞𝑜 , +𝑞𝑜)   =    𝑤𝑒𝑐𝑞𝑜 

 

The optimal exercise options, 𝑞𝑒
∗, can be summarized as follows. 
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𝑞𝑒
∗ = {

−𝑞𝑜 , 𝑖𝑓       𝑎 + 𝑐 ≤ 𝑥 ≤ 𝑄0 − 𝑞𝑜
−(𝑄0 − 𝑥), 𝑖𝑓 𝑄0 − 𝑞𝑜 ≤ 𝑥 ≤ 𝑄0

𝑥 − 𝑄0, 𝑖𝑓            𝑄0 ≤ 𝑥 ≤ 𝑄0 + 𝑞𝑜
+𝑞𝑜 , 𝑖𝑓  𝑄0 + 𝑞𝑜 ≤ 𝑥 ≤ 𝑏 + 𝑑

 

 

The corresponding retailer’s optimal profit can then be determined as follows. 

 

𝜋𝑟
1,2(𝑄0, 𝑞𝑜, 𝑞𝑒

∗)    =

{
 
 

 
 𝜋𝑟

1,2(𝑄0, 𝑞𝑜, −𝑞𝑜), 𝑖𝑓               𝑎 + 𝑐 ≤ 𝑥 ≤ 𝑄0 − 𝑞𝑜

𝜋𝑟
1,2(𝑄0, 𝑞𝑜, −(𝑄0 − 𝑥)), 𝑖𝑓 𝑄0 − 𝑞𝑜 ≤ 𝑥 ≤ 𝑄0

𝜋𝑟
1,2(𝑄0, 𝑞𝑜, 𝑥 − 𝑄0), 𝑖𝑓            𝑄0 ≤ 𝑥 ≤ 𝑄0 + 𝑞𝑜

𝜋𝑟
1,2(𝑄0, 𝑞𝑜, +𝑞𝑜), 𝑖𝑓  𝑄0 + 𝑞𝑜 ≤ 𝑥 ≤ 𝑏 + 𝑑

 

 

Likewise, the supplier’s profit functions can be determined by changing 𝜋𝑟
1,2(𝑄0, 𝑞𝑜 , 𝑞𝑒

∗) 
to 𝜋𝑠

1(𝑄0, 𝑞𝑜 , 𝑞𝑒
∗). 

 

Moving back to the first stage, total profit functions for both firms denoted by 

𝜋𝑟(𝑄0, 𝑞𝑜 , 𝑞𝑒
∗) and 𝜋𝑠(𝑄0, 𝑞𝑜 , 𝑞𝑒

∗) can be obtained by summing the profits of all stages as 

follows. 

 

 Retailer’s profit function 
 

𝜋𝑟(𝑄0, 𝑞𝑜 , 𝑞𝑒
∗)   =    −𝑤𝑄0 − 𝑤𝑜𝑞𝑜 + 𝐸[𝜋𝑟

1,2(𝑄0, 𝑞𝑜 , 𝑞𝑒
∗)] 

 

The retailer’s expected profit in the second and third stages, 𝐸[𝜋𝑟
1,2(𝑄0, 𝑞𝑜 , 𝑞𝑒

∗)], can be 

derived as follows. 

 

𝐸[𝜋𝑟
1,2(𝑄0, 𝑞𝑜, 𝑞𝑒

∗)] = ∫ 𝜋𝑟
1,2(𝑄0, 𝑞𝑜, −𝑞𝑜)

𝑄0− 𝑞𝑜

𝑎+𝑐

𝑓(𝑥)𝑑𝑥 + ∫ 𝜋𝑟
1,2(𝑄0, 𝑞𝑜, −(𝑄0 − 𝑥))

𝑄0

𝑄0− 𝑞𝑜

𝑓(𝑥)𝑑𝑥 

 

+ ∫ 𝜋𝑟
1,2(𝑄0, 𝑞𝑜, 𝑥 − 𝑄0)

𝑄0+𝑞𝑜

𝑄0

𝑓(𝑥)𝑑𝑥 + ∫ 𝜋𝑟
1,2(𝑄0, 𝑞𝑜, +𝑞𝑜)

𝑏+𝑑

𝑄0+𝑞𝑜

𝑓(𝑥)𝑑𝑥 

 

Hence, the retailer’s profit function can be determined as follows. 
 

𝜋𝑟(𝑄0, 𝑞0, 𝑞𝑒
∗) = −𝑤𝑄0 −𝑤𝑜𝑞0 + 𝐸[𝜋𝑟

1,2(𝑄0, 𝑞0, 𝑞𝑒
∗)] 

 

 = (𝑔 + 𝑝2 −𝑤)𝑄0 + (𝑔 + 𝑝2 −𝑤𝑜 −𝑤𝑒𝑐)𝑞𝑜 − (𝑏 + 𝑑)𝑔 

 

−(𝑝2 − 𝑣) ∫ 𝐹(𝑥)

𝑄0− 𝑞𝑜

𝑎+𝑐

𝑑𝑥 − (𝑝2 −𝑤𝑒𝑝) ∫ 𝐹(𝑥)

𝑄0

𝑄0− 𝑞𝑜

𝑑𝑥 

−(𝑝2 −𝑤𝑒𝑐) ∫ 𝐹(𝑥)

𝑄0+ 𝑞𝑜

𝑄0

𝑑𝑥 + 𝑔 ∫ 𝐹(𝑥)

𝑏+𝑑

𝑄0+ 𝑞𝑜

𝑑𝑥 

+(
(𝑝1 − 𝑝2)

(𝑏 − 𝑎)(𝑑 − 𝑐)
∫ ∫ 𝑥1

min(𝑏,𝑥−𝑐)

max(𝑎,𝑥−𝑑)

𝑑𝑥1

𝑏+𝑑

𝑎+𝑐

𝑑𝑥) 
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 Supplier’s profit 
 

𝜋𝑠(𝑄0, 𝑞𝑜 , 𝑞𝑒
∗)    =    𝑤𝑄0 + 𝑤0𝑞𝑜 − 𝑐𝑠(𝑄0 + 𝑞𝑜) + 𝐸[𝜋𝑠

1(𝑄0, 𝑞𝑜 , 𝑞𝑒
∗)] 

 

Similarly, the supplier’s expected profit in the second stage, 𝐸[𝜋𝑠
1(𝑄0, 𝑞𝑜 , 𝑞𝑒

∗)], can be 

derived as follows. 

 

𝐸[𝜋𝑠
1(𝑄0, 𝑞𝑜, 𝑞𝑒

∗)] =  ∫ 𝜋𝑠
1(𝑄0, 𝑞𝑜, −𝑞𝑜)

𝑄0− 𝑞𝑜

𝑎+𝑐

𝑓(𝑥)𝑑𝑥 + ∫ 𝜋𝑠
1(𝑄0, 𝑞𝑜, −(𝑄0 − 𝑥))

𝑄0

𝑄0− 𝑞𝑜

𝑓(𝑥)𝑑𝑥 

 

+ ∫ 𝜋𝑠
1(𝑄0, 𝑞𝑜, 𝑥 − 𝑄0)

𝑄0+𝑞𝑜

𝑄0

𝑓(𝑥)𝑑𝑥 + ∫ 𝜋𝑠
1(𝑄0, 𝑞𝑜, +𝑞𝑜)

𝑏+𝑑

𝑄0+𝑞𝑜

𝑓(𝑥)𝑑𝑥 

 

Hence, the supplier’s profit function can be determined as follows. 

 
𝜋𝑠(𝑄0, 𝑞𝑜, 𝑞𝑒

∗) = 𝑤𝑄0 +𝑤0𝑞𝑜 − 𝑐𝑠(𝑄0 + 𝑞𝑜) + 𝐸[𝜋𝑠
1(𝑄0, 𝑞𝑜, 𝑞𝑒

∗)] 
 

= (𝑤 − 𝑐𝑠)𝑄0 + (𝑤0 +𝑤𝑒𝑐 − 𝑐𝑠)𝑞0 −((𝑤𝑒𝑝 − 𝑣) ∫ 𝐹(𝑥)

𝑄0

𝑄0− 𝑞𝑜

𝑑𝑥) 

−((𝑤𝑒𝑐 − 𝑣) ∫ 𝐹(𝑥)

𝑄0+ 𝑞𝑜

𝑄0

𝑑𝑥) 

 

In order to determine the optimal values of Q0 and qo, MATLAB program will be 

developed and the results of numerical experiments are presented in Chapter 5. 
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CHAPTER 5 

NUMMERICAL EXPERIMENTS 

 

In this chapter, numerical experiments are conducted using Matlab software package. The 

experiments aim to investigate coordination ability in several different situations in which 

the wholesale price contract is used as a benchmark contract. Furthermore, supply chain 

members’ profits will be observed when some factors change in order to check if the 

bidirectional option is attractive. Lastly, profit sharing is examined. This chapter is 

divided into three main parts which are numerical experiment for base case, sensitivity 

analysis, and profit sharing analysis. 

 

5.1 Numerical experiment for base case 

 

Before conducting the experiments, some important conditions are set in order to avoid 

trivial and unreasonable cases. Those conditions are as follows. 

 

 𝒘𝒆𝒑 ≤ 𝒘 ≤ 𝒘𝒆𝒄 to ensure that the retailer can get a full or partial refund if he 

exercises the option as put and the supplier can obtain higher profit when the 

retailer exercises option as calls. 

 𝟎 < 𝒘𝒐 ≤ 𝒘 to persuade the retailer to buy option and option price should be 

greater than zero for preventing retailer from purchasing unlimited amount of 

options. 

 𝒘𝒐 +𝒘𝒆𝒄 ≤ 𝒑𝟐 + 𝒈 to ensure that it is profitable for the retailer although he has 

to pay for call option. 

 𝒗 ≤ 𝒘𝒆𝒑 −𝒘𝒐 to ensure that it is worth for the retailer to exercise put option 

rather than selling excessive amount at salvage price. 

 𝒑𝟐 < 𝒑𝟏  

 𝒗 < 𝒄𝒔 < 𝒘 
 

It should be noted that the demands in both periods are assumed to follow uniform 

distribution. The values given for each parameter are presented below. 

 

𝑝1 = 250 ; Unit retail price in the first period 

𝑝2 = 160 ; Unit retail price in the second period 

𝑤 = 100 ; Unit wholesale price 

𝑤𝑜 = 40 ; Unit option premium price 

𝑤𝑒𝑐 = 150 ; Unit exercised price of call option 

𝑤𝑒𝑝 = 90 ; Unit exercised price of put option 

c𝑠 = 50 ; Supplier’s unit production cost 

𝑔 = 60 ; Retailer’s unit shortage cost 

𝑣 = 20 ; Unit salvage value 

[𝑎, 𝑏] = [800, 1000] ; Range of demand in the first period 

[𝑐, 𝑑] = [450, 600] ; Range of demand in the second period 

 

All values given above are used as base case for numerical experiment. The results of the 

base case are presented in Table 5.1. 
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Table 5.1 Wholesale price contract vs. Bidirectional option contract for base case 

Optimal results 

Wholesale price contract 
Bidirectional 

option contract 
Centralized 

system 

Decentralized 

system 

Initial order quantity 1,505 1,445 1,447 

Option quantity 0 0 46 

Retailer’s profit 159,147 160,763 161,431 

Supplier’s profit 75,250 72,250 72,918 

Supply chain’s profit 234,397 233,013 234,349 

 

From Table 5.1, it can be seen that under the wholesale price contract, supply chain cannot 

achieve coordination since the retailer orders less than 1,505 in order to maximize his 

profit. This leads to the fact that the supplier gets less profit than he could get. When both 

parties adopt the bidirectional option contract, both of them get higher profits and total 

supply chain’s profit increases and becomes closer to the profit of the centralized system, 

i.e., 99.98% coordination efficiency. Hence, we can expect that under the bidirectional 

option contract, the supply chain can possibly achieve coordination. Next, sensitivity will 

be analyzed to investigate how the firms make decisions in different situations. 

 

5.2 Sensitivity analysis with respect to wo  

 

In this section, option premium price (wo) is varied from 10 to 70 with a step size of 10. 

The optimal solutions and profits are presented in Table 5.2 and illustrated in Figures 5.1- 

5.6. It can be seen from Figures 5.1 and 5.2 that when wo increases, the retailer will reduce 

both initial order (Q0) and option (qo) quantities. The reason is that when the supplier 

offers cheap option premium wo, the retailer will buy a lot of options to gain profit from 

exercising put option. At the same time, the retailer will increase Q0 to prevent high cost 

of exercising call option. So, when wo increases, the retailer will reduce both Q0 and qo 

because it is costly to purchase more options. Also, we can observe from Figure 5.3 that 

when wo increases, retailer’s profit keeps decreasing. This trend is reasonable. 

 

From the supplier’s perspective, it can be seen from Figure 5.4 that when the supplier 

offers too cheap option premium wo, he will obtain less profit than his profit in the 

wholesale price contract. When the supplier gradually increases wo, his profit tends to 

increase. However, when wo exceeds a specific value, the supplier’s profit will start to 

decrease due to the fact that the retailer reduces the option quantity.  

 

 Table 5.2 Optimal solutions and profits with various values of wo 

wo Q0 qo 
Retailer's 

profit 

Supplier's 

profit 

Supply chain's 

profit 

Coordination 

efficiency 

10 1,450 114 163,720 69,809 233,528 99.63% 

20 1,450 86 162,727 71,402 234,129 99.89% 

30 1,449 64 161,979 72,399 234,378 99.99% 

40 1,447 46 161,431 72,918 234,349 99.98% 

50 1,446 30 161,054 73,048 234,102 99.87% 

60 1,445 14 160,834 72,781 233,615 99.67% 

70 1,445 0 160,763 72,250 233,013 99.41% 
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Figure 5.1 Initial order quantity with  

 various values of wo  

 Figure 5.2 Option quantity with  

 various values of wo 

 

 

 
 

 

Figure 5.3 Retailer’s profit with various  

 values of wo  

 Figure 5.4 Supplier’s profit with  

 various values of wo 

 

 

 
 

Figure 5.5 Supply chain’s profit with  

 various values of wo  

 Figure 5.6 Coordination efficiency with  

  various values of wo 
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Figures 5.4 and 5.5 show that the supply chain can achieve maximum profit and reach 

coordination. It should be noticed that when wo is too high, e.g., wo = 70 in this case, the 

retailer decides not to adopt the bidirectional option contract. Therefore, it can be 

concluded that when the supplier offers appropriate value of wo which is not too cheap or 

expensive in the retailer’s perspective, the supply chain can reach the optimal profit and 

coordination can be considerably achievable.  

 

5.3 Sensitivity analysis with respect to wec and wep  

 

In this section, both unit exercise prices of call (wec) and put option (wep) are varied. For 

wec, it is varied from 100 to 180 with a step size of 10, and for wep, it is varied from 60 to 

100 with a step size of 20. The result are presented in Tables 5.3, 5.4 and 5.5, respectively 

and illustrated in Figures 5.7 - 5.12. From Figures 5.7 and 5.8, it can be seen that at fixed 

value of wep, when wec increases, the retailer will increase Q0 and reduce qo. The reason 

is that when wec increases, exercising call option becomes more expensive for the retailer. 

Therefore, the retailer will reduce qo and increase Q0 to avoid expensive cost of exercising 

call option. On the other hand, when value of wec is fixed and wep increases, we observe 

that the retailer increases both Q0 and qo. The reason is that when wep increases, the retailer 

sees an opportunity to obtain the profit from exercising put option. Therefore, the retailer 

increases qo. At the same time, the retailer also increases Q0 to avoid exercising call option 

when exercising put option is attractive. 

 

From Figure 5.9, it can be seen that the retailer’s profit tends to decrease when wec 

increases. However, when wep increases, the retailer’s profit’s increases according to the 

reasons above. The trends are reasonable. 

 

From Figure 5.10, when wep is fixed at low value (i.e., 60), the supplier’s profit will 

increase and then decrease when wec increases. This is because when wec is low, the 

retailer has motivation to place high qo to gain profit from low wec by use of call option 

even though wep is low. However, when wec is high, the retailer will reduce qo due to the 

fact that both wec and wep are not favorable to him. But when wep is fixed at higher value 

(e.g., 80 or 100), the supplier’s profit will always increase when wec increases. This is 

because high value of wep encourages the retailer to keep high qo, therefore, when wec 

increases, the profit of supplier will increase. On the other hand, when wec is fixed at low 

value (e.g., 110), the supplier’s profit will decrease when wep increases. This trend is 

reasonable. But if wec is fixed at high value (e.g., 170), the supplier’s profit will increase 

and then decrease when wep increases. This trend happens because when wep increases, 

the retailer prefers to increase qo, and this will give benefit to the supplier from call option. 

However, when wep is too high, the use of put option will have negative impact on the 

profit of supplier and the consequence is that the supplier’s profit will decrease regardless 

of the fact that wec is high. 

 

Considering supply chain’s profit, Figure 5.11 shows that when wep is fixed and wec 

increases, supply chain’s profit decreases. In contrast, when wec is fixed and wep increases, 

the profit increases. These trends are reasonable when looking at the trend of qo. We can 

also observe from Figure 5.12 that the trend of supply chain profit is the same as the trend 

of coordination efficiency and under some values of wep, e.g., wep = 100, the supply chain 

can be coordinated. 
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In summary, it can be seen from the results these exist values of wec and wep under which 

the supply chain can be coordinated under the bidirectional option contract. It should be 

noted that the values of wec and wep should be profitable enough in the retailer’s 

perspective. Otherwise, the retailer will not using options. Under this base case, it can be 

seen from Figure 5.12 and Table 5.5 that at wep = 100, the supply chain can achieve 

maximum profit and coordination with all values of wec, i.e., 100% coordination 

efficiency. Hence, this setting of parameters will be considered as the best case to 

investigate profit allocation in the next section. 

 

 

  Table 5.3 Optimal solutions and profits with various values of wec at wep = 60 

wec 

(wep = 60) 
Q0 qo 

Retailer's 

profit 

Supplier's 

profit 

Supply chain's 

profit 

Coordination 

efficiency 

100 1,425 53 161,578 72,564 234,142 99.89% 

110 1,430 46 161,398 72,704 234,102 99.87% 

120 1,434 40 161,242 72,816 234,057 99.85% 

130 1,437 35 161,108 72,902 234,010 99.83% 

140 1,440 29 160,994 72,938 233,932 99.80% 

150 1,442 23 160,900 72,916 233,816 99.75% 

160 1,443 17 160,828 72,825 233,653 99.68% 

170 1,445 9 160,780 72,637 233,417 99.58% 

180 1,445 0 160,763 72,250 233,013 99.41% 

 

 

  Table 5.4 Optimal solutions and profits with various values of wec at wep = 80 

wec 

(wep = 80) 
Q0 qo 

Retailer's 

profit 

Supplier's 

profit 

Supply chain's 

profit 

Coordination 

efficiency 

100 1,430 58 161,993 72,305 234,298 99.96% 

110 1,434 54 161,807 72,490 234,297 99.96% 

120 1,437 50 161,639 72,648 234,288 99.95% 

130 1,440 46 161,486 72,792 234,279 99.95% 

140 1,442 43 161,347 72,909 234,256 99.94% 

150 1,444 39 161,220 73,010 234,230 99.93% 

160 1,446 35 161,104 73,092 234,196 99.91% 

170 1,447 30 161,002 73,129 234,131 99.89% 

180 1,448 25 160,912 73,130 234,042 99.85% 
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  Table 5.5 Optimal solutions and profits with various values of wec at wep = 100 

wec 

(wep = 100) 
Q0 qo 

Retailer's 

profit 

Supplier's 

profit 

Supply chain's 

profit 

Coordination 

efficiency 

100 1,436 64 162,466 71,923 234,389 100.00% 

110 1,440 61 162,285 72,106 234,392 100.00% 

120 1,443 59 162,118 72,276 234,394 100.00% 

130 1,446 57 161,961 72,435 234,396 100.00% 

140 1,449 55 161,815 72,582 234,397 100.00% 

150 1,450 53 161,676 72,720 234,396 100.00% 

160 1,453 51 161,545 72,852 234,397 100.00% 

170 1,455 49 161,421 72,976 234,397 100.00% 

180 1,456 47 161,304 73,092 234,396 100.00% 

 

 

 
 

Figure 5.7 Initial order quantity with  

 various values of wec and wep 

 Figure 5.8 Option quantity with various  

  values of wec and wep 

 

 
 

Figure 5.9 Retailer’s profit with various  

 values of wec and wep 

 Figure 5.10 Supplier’s profit with various  

 values of wec and wep 
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Figure 5.11 Supply chain’s profit with  

 various values of wec and wep 

 Figure 5.12 Coordination efficiency  

 with various values of wec  

 and wep 

 

 

5.4 Sensitivity analysis with respect to v and g  

 

In this section, salvage value (v) is varied from 20 to 40 with a step size of 10 and shortage 

cost (g) is varied from 50 to 150 with a step size of 20. The results are presented in Tables 

5.6, 5.7, and 5.8 and illustrated in Figures 5.13 – 5.18. It can be seen from Figure 5.13 

and 5.14 that at fixed value of v, when g increases, the retailer increases Q0 and qo to avoid 

large shortage cost. In contrast, when g is fixed and v increases, the retailer increases Q0 

and reduces qo. The reason is that when v increases, the retailer will increase Q0 because 

he can obtain higher profit from selling left-over product as salvage. However, the retailer 

reduces qo because it might not be worth enough to sell the excessive product left after 

exercising put option since the cost of option is higher in comparison with salvage value. 

 

 

 
 

Figure 5.13 Initial order quantity with  

 various values of v and g 

 Figure 5.14 Option quantity with  

 various values of v and g 
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Table 5.6 Optimal solutions and profits with various values of g at v = 20  

Optimal solutions 

 (v = 20) 

g 

50 70 90 110 130 150 

Bidirectional option contract 

Q0 1,444 1,449 1,454 1,457 1,460 1,462 

qo 42 49 54 57 60 62 

Retailer's profit 161,505 161,368 161,268 161,189 161,125 161,071 

Supplier's profit 72,850 72,955 72,997 73,008 73,007 73,001 

Supply chain's profit 234,355 234,323 234,265 234,197 234,132 234,073 

Wholesale price contract (Centralized system) 

Q 1,503 1,507 1,512 1,515 1,518 1,521 

Retailer's profit 159,297 159,002 158,669 158,447 158,233 158,026 

Supplier's profit 75,150 75,350 75,600 75,750 75,900 76,050 

Supply Chain's profit 234,447 234,352 234,269 234,197 234,133 234,076 

Wholesale price contract (Decentralized system) 

Q 1,441 1,449 1,456 1,461 1,467 1,471 

Retailer's profit 160,978 160,563 160,205 159,890 159,611 159,361 

Supplier's profit 72,050 72,450 72,800 73,050 73,350 73,550 

Supply Chain's profit 233,028 233,013 233,005 232,940 232,961 232,911 

Supply chain performance 

Coordination efficiency (%) 99.96% 99.99% 100.00% 100.00% 100.00% 100.00% 

 

 

Table 5.7 Optimal solutions and profits with various values of g at v = 30  

Optimal solutions 

 (v = 30) 

g 

50 70 90 110 130 150 

Bidirectional option contract 

Q0 1,448 1,454 1,457 1,460 1,462 1,464 

qo 35 43 48 53 56 59 

Retailer's profit 161,723 161,576 161,469 161,387 161,320 161,264 

Supplier's profit 73,269 73,520 73,633 73,726 73,774 73,815 

Supply chain's profit 234,992 235,096 235,102 235,112 235,094 235,080 

Wholesale price contract (Centralized system) 

Q 1,518 1,523 1,526 1,529 1,532 1,535 

Retailer's profit 159,439 159,133 158,935 158,743 158,556 158,373 

Supplier's profit 75,900 76,150 76,300 76,450 76,600 76,750 

Supply Chain's profit 235,339 235,283 235,235 235,193 235,156 235,123 

Wholesale price contract (Decentralized system) 

Q 1,447 1,455 1,462 1,468 1,473 1,478 

Retailer's profit 161,378 161,013 160,698 160,423 160,181 159,965 

Supplier's profit 72,350 72,750 73,100 73,400 73,650 73,900 

Supply Chain's profit 233,728 233,763 233,798 233,823 233,831 233,865 

Supply chain performance 

Coordination efficiency (%) 99.85% 99.92% 99.94% 99.97% 99.97% 99.98% 
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Table 5.8 Optimal solutions and profits with various values of g at v = 40  

Optimal solutions 

 (v = 40) 

g 

50 70 90 110 130 150 

Bidirectional option contract 

Q0 1,454 1,459 1,463 1,466 1,468 1,470 

qo 26 34 40 45 48 51 

Retailer's profit 161,996 161,837 161,721 161,632 161,560 161,501 

Supplier's profit 73,572 73,940 74,184 74,358 74,457 74,550 

Supply chain's profit 235,568 235,777 235,905 235,989 236,017 236,050 

Wholesale price contract (Centralized system) 

Q 1,541 1,544 1,547 1,549 1,551 1,553 

Retailer's profit 159,346 159,175 159,006 158,891 158,777 158,664 

Supplier's profit 77,050 77,200 77,350 77,450 77,550 77,650 

Supply Chain's profit 236,396 236,375 236,356 236,341 236,327 236,314 

Wholesale price contract (Decentralized system) 

Q 1,454 1,462 1,469 1,475 1,480 1,485 

Retailer's profit 161,821 161,506 161,237 161,004 160,800 160,619 

Supplier's profit 72,700 73,100 73,450 73,750 74,000 74,250 

Supply Chain's profit 234,521 234,606 234,687 234,754 234,800 234,869 

Supply chain performance 

Coordination efficiency (%) 99.65% 99.75% 99.81% 99.85% 99.87% 99.89% 

 

 

 
 

Figure 5.15 Retailer’s profit with  

 various values of v and g 

 Figure 5.16 Supplier’s profit with  

 various values of v and g 

 

 

From Figure 5.15, we can observe that when g increases, the retailer’s profit decreases, 

and when g is fixed, v increases. This is reasonable. Considering the supplier’s profit, 

Figure 5.16 shows that at fixed value of g, the supplier always obtains more profit when 

v increases since the retailer increases both Q0 and qo. Similarly, when v is fixed and g 

increases, the supplier still can get more profit because the retailer is encouraged to 

increase Q0.  
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It can be seen from Figure 5.17 that when v = 20, supply chain’s profit tends to decrease 

when g increases but when v = 40, supply chain’s profit increases. Considering 

coordination efficiency, Figure 5.18 shows that when v = 20, supply chain has high ability 

to achieve coordination under the various values of g comparing with higher values of v. 

Hence, it can be concluded that the bidirectional option is more valuable especially for 

the product which has low salvage. 

 

 
 

Figure 5.17 Supply chain’s profit with   

 various values of v and g 

 Figure 5.18 Coordination efficiency with 

various values of v and g 

 

 

5.5 Sensitivity analysis with respect to p1 and p2  

 

In this section, we investigate the effect of the different retail prices. We set the unit retail 

price in the first selling season (p1) equal to 220 and 400. The unit retail price in the 

second selling season (p2) is varied from 140 to 220 with a step size of 20. The results are 

presented in Tables 5.9 and 5.10 and illustrated in Figures 5.19 – 5.24. From Figures 5.19 

and 5.20, it can be seen that at fixed value of p2, Q0 and qo does not change when p1 

increases. However, when p2 increases, the retailer increases Q0 and qo. It can be 

concluded that only p2 can affect the retailer’s decision and the reason can be explained 

as follows. 

 

Normally, the optimal Q0 and qo will be prioritized to satisfy the demand in the first period 

because selling product with p1 is more profitable. After that, the left-over inventory from 

the first period is used to satisfy the demand in the second period. Therefore, when p1 

increases, the retailer certainly obtains higher profit from serving the existing demand 

with the higher p1 but he will not increase Q0 and qo following the fact that he cannot 

obtain profit from more sales although p1 increases. However, when p2 increases, it 

stimulates the retailer to increase Q0 and qo because exercising option to increase sales in 

the second period becomes more profitable than losing sales and incurring shortage when 

p2 is low.  

 

It can be observed from Figure 5.21 that when p1 and p2 increase, the retailer always 

obtains higher profit. From Figure 5.22, the supplier’s profit will increase only when p2 

increases because the retailer increases the order only when p2 increases. From Figure 

5.23, we can observe that when p1 and p2 increase, the supply chain’s profit also increases 

and from Figure 5.24, regardless the values of p1, the supply chain can achieve 

coordination when p2 is high, i.e., p2 > 180. It can be concluded that the bidirectional 
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option contract is more valuable when p2 is high enough comparing with the cost of 

purchasing options and shortage because the increase in p2 encourages the retailer to 

purchase more options. 

 

 
 

Figure 5.19 Initial order quantity with  

 various values of p1 and p2 

 Figure 5.20 Option quantity with  

 various values of p1 and p2 

 

 
 

Figure 5.21 Retailer’s profit with  

 various values of p1 and p2 

 Figure 5.22 Supplier’s profit with  

 various values of p1 and p2 

 

 
 

Figure 5.23 Supply chain’s profit with  

 various values of p1 and p2 

 Figure 5.24 Coordination efficiency   

 with various values of p1  

 and p2 
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Table 5.9 Optimal solutions and profits with various values of p2 at p1 = 220 

Optimal solutions 

 (p1 = 220) 

p2 

140 160 180 200 220 

Bidirectional option contract 

Q0 1,441 1,447 1,452 1,455 1,458 

qo 37 46 52 55 58 

Retailer's profit 124,096 134,431 144,815 155,226 165,655 

Supplier's profit 72,750 72,917 72,984 73,002 73,009 

Supply chain's profit 196,846 207,348 217,799 228,228 238,664 

Wholesale price contract (Centralized system) 

Q 1,500 1,505 1,510 1,513 1,517 

Retailer's profit 122,000 132,147 142,309 152,582 162,814 

Supplier's profit 75,000 75,250 75,500 75,650 75,850 

Supply Chain's profit 197,000 207,397 217,809 228,232 238,664 

Wholesale price contract (Decentralized system) 

Q 1,436 1,445 1,452 1,459 1,464 

Retailer's profit 123,712 133,763 143,878 154,042 164,247 

Supplier's profit 71,800 72,250 72,600 72,950 73,200 

Supply Chain's profit 195,512 206,013 216,478 226,992 237,447 

Supply chain performance 

Coordination efficiency (%) 99.92% 99.98% 100.00% 100.00% 100.00% 

 

 

Table 5.10 Optimal solutions and profits with various values of p2 at p1 = 400 

Optimal solutions 

 (p1 = 400) 

p2 

140 160 180 200 220 

Bidirectional option contract 

Q0 1,441 1,447 1,452 1,455 1,458 

qo 37 46 52 55 58 

Retailer's profit 286,096 296,431 306,815 317,226 327,655 

Supplier's profit 72,750 72,917 72,984 73,002 73,009 

Supply chain's profit 358,846 369,348 379,799 390,228 400,664 

Wholesale price contract (Centralized system) 

Q 1,500 1,505 1,510 1,513 1,517 

Retailer's profit 284,000 294,147 304,309 314,582 324,814 

Supplier's profit 75,000 75,250 75,500 75,650 75,850 

Supply Chain's profit 359,000 369,397 379,809 390,232 400,664 

Wholesale price contract (Decentralized system) 

Q 1,436 1,445 1,452 1,459 1,464 

Retailer's profit 285,712 295,763 305,878 316,042 326,247 

Supplier's profit 71,800 72,250 72,600 72,950 73,200 

Supply Chain's profit 357,512 368,013 378,478 388,992 399,447 

Supply chain performance 

Coordination efficiency (%) 99.96% 99.99% 100.00% 100.00% 100.00% 
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5.6 Sensitivity analysis with respect to the demand in the second period with 

unchanged variation 
 

In this section, we observe the situation when the demand in the second period (X2) 

changes with the same variation. We set U(c,d) = (0,200), (200,400), (400,600) and 

(600,800) which have the same variation = 200. The optimal results are presented in Table 

5.11 and illustrated in Figures 5.25 – 5.30. It can be seen from Figures 5.25 and 5.26 that 

when X2 increases, the retailer increases Q0 but qo remains the same. The reason can be 

explained as follows. 

 

It is noted that X2 follows uniform distribution and the average demands of X2 are 100, 

300, 500, and 700, respectively. Normally, the retailer uses an average demand to 

determine Q0. Therefore, it is reasonable that when the average of X2 increases, the 

retailer also increases Q0. In order to determine qo, the retailer will consider the variation 

of uncertain demand. It should be noted that the more variation, the more qo to avoid the 

risk of shortage or excess inventory. Under this case, the demand variation is 200 in all 

cases. Therefore, the retailer will not increase qo because the risk of under-over stock is 

unchanged. 

 

From Figures 5.27, 5.28, and 5.29, it is clear that when the mean value of X2 increases, 

both retailer and supplier can obtain more profits leading to the increase in total supply 

chain’s profit since both parties get higher sales.  

 

Table 5.11 Optimal solutions and profits of various demands in the second period 

with unchanged demand variation 

Optimal solutions 
Demand in the second period 

(0,200) (200,400) (400,600) (600,800) 

Bidirectional option contract 

Q0 1,035 1,235 1,435 1,635 

qo 35 35 35 35 

Retailer's profit 135,153 147,153 159,153 171,153 

Supplier's profit 51,916 61,916 71,916 81,916 

Supply chain's profit 187,069 209,069 231,069 253,069 

Wholesale price contract (Centralized system) 

Q 1,090 1,290 1,490 1,690 

Retailer's profit 132,691 144,691 156,691 168,691 

Supplier's profit 54,500 64,500 74,500 84,500 

Supply Chain's profit 187,191 209,191 231,191 253,191 

Wholesale price contract (Decentralized system) 

Q 1,021 1,221 1,421 1,621 

Retailer's profit 134,541 146,541 158,541 170,541 

Supplier's profit 51,050 61,050 71,050 81,050 

Supply Chain's profit 185,591 207,591 229,591 251,591 

Supply chain performance 

Coordination efficiency (%) 99.94% 99.94% 99.95% 99.95% 
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Figure 5.25 Initial order quantity of   

 demand in the 2nd period  

 with unchanged variation 

 Figure 5.26 Option quantity of demand  

 in the 2nd period with  

 unchanged variation 

 

 
 

Figure 5.27 Retailer’s profit of demand  

 in the 2nd period with  

 unchanged variation 

 Figure 5.28 Supplier’s profit of  

 demand in the 2nd period  

 with unchanged variation 

 

 
 

Figure 5.29 Supply chain’s profit of  

 demand in the 2nd period  

 with unchanged variation 

 Figure 5.30 Coordination efficiency of  

 demand in the 2nd period  

 with unchanged variation 
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5.7 Sensitivity analysis with respect to the demand in the second period when 

demand variation is varied 
 

In this section, we analyze when the demand in the second period (X2) has different 

variations but average demand is unchanged. We set U(c,d) = (400,500), (300,600), 

(200,700) and (100,800) with the same average demand 450 for all cases.  The optimal 

results are presented in Table 5.12 and illustrated in Figures 5.31 – 5.36. From Figure 

5.31 and 5.32, it can be seen that when the variation of X2 increases, the retailer increases 

Q0 and qo. The reason can be explained as follows. 

 

When X2 has high variation, the risks of shortage or overstock will increase. Therefore, 

the retailer will increase qo to mitigate the risks by exercising options.  At the same time, 

the retailer also increases Q0 to avoid the probably expensive exercise cost of call option. 

Otherwise, purchasing more options might not be worthwhile. Figure 5.33 shows that 

when the variation of X2 increases, the retailer’s profit keeps decreasing since the cost 

from shortage or overstock is higher. Figure 5.34 presents that when the X2 is more 

fluctuated, the supplier’s profit increases because the supplier can gain more profit from 

the increase of Q0 and qo. Also, it can be seen from Figure 3.35 that the supply chain’s 

profit decreases when the variation of X2 increases similar to the coordination efficiency 

in Figure 3.36. 

 

Table 5.12 Optimal solutions and profits of various demands in the second period 

when demand variation is varied 

Optimal solutions 
Demand in the second period 

(400,500) (300,600) (200,700) (100,800) 

Bidirectional option contract 

Q0 1,370 1,382 1,400 1,420 

qo 43 67 107 150 

Retailer's profit 157,427 154,673 150,941 146,974 

Supplier's profit 69,087 69,947 71,455 73,036 

Supply chain's profit 226,515 224,620 222,395 220,010 

Wholesale price contract (Centralized system) 

Q 1,423 1,466 1,527 1,595 

Retailer's profit 155,399 151,383 146,114 140,349 

Supplier's profit 71,150 73,300 76,350 79,750 

Supply Chain's profit 226,549 224,683 222,464 220,099 

Wholesale price contract (Decentralized system) 

Q 1,370 1,380 1,400 1,420 

Retailer's profit 156,783 153,689 149,333 144,724 

Supplier's profit 68,500 69,000 70,000 71,000 

Supply Chain's profit 225,283 222,689 219,333 215,724 

Supply chain performance 

Coordination efficiency (%) 99.98% 99.97% 99.97% 99.96% 
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Figure 5.31 Initial order quantity of  

 demand in the 2nd period  

 with varied variation 

 Figure 5.32 Option quantity of demand  

 in the 2nd period with  

 varied variation 

 

 

 
 

Figure 5.33 Retailer’s profit of the  

 demand in the 2nd period  

 with varied variation 

 Figure 5.34 Supplier’s profit of  

 demand in the 2nd period  

 with varied variation 

 

 
 

Figure 5.35 Supply chain’s profit of the  

 demand in the 2nd period  

 with varied variation 

 Figure 5.36 Coordination efficiency of  

 demand in the 2nd period  

 with varied variation 
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5.8 Profit sharing 

 

Although the pervious section presents that bidirectional option contract can coordinate 

the supply chain in several situations, it might not be attractive for the partners if each 

partner cannot get higher and fair profit. Therefore, this section will investigate whether 

the coordinated supply chain can achieve win-win situation under the bidirectional option 

contract. From section 4.3, we have found that when wep is 100, coordination can be 

achieved under all values of wec in the range of 100 – 180. Therefore, this scenario is 

considered as the best case for investigating profit sharing. 

 

To investigate win-win situation, the profit improvements of each member in the 

bidirectional option contract comparing with wholesale price contract in decentralized 

system are determined. Table 5.13 and Figure 5.37 present profit improvement of each 

firm when wep is 100 at different values of wec.  We observe that when wec is greater than 

120, the win-win situation will occur and there exists a values of wec, which is about 147, 

at which fair allocation of additional profit is achieved. 

 

 

Table 5.13 Individual profit sharing at wep = 100 and wec = 145-150 

wec 
%Improvement of 

retailer’s profit 

%Improvement of 

supplier’s profit 

145 0.61% 0.56% 

146 0.60% 0.58% 

147 0.59% 0.59% 

148 0.59% 0.61% 

149 0.58% 0.63% 

150 0.57% 0.65% 

 

 

 
 

Figure 5.37 Profit sharing when wep = 100 and wec = 100 – 180 
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CHAPTER 6 

CONCLUSIONS AND RECOMMENDATIONS 

 

This research studies a two-stage supply chain with the bidirectional option and two-

period newsvendor problem. Under the bidirectional option contact, the supplier offers 

the contract and announces the associated prices. After that, the retailer places an initial 

order and purchases option quantity. When the retailer gets an update of demand 

information, the retailer adjusts initial order by exercising either call or put options. Due 

to the introduction of new product into the market, the retailer faces drastic declines of 

product value and demand. Hence, the bidirectional option contract is examined to see if 

it is valuable for the firms to adopt the contract and achieve coordination when the retailer 

faces two-period newsvendor problem. Furthermore, this research also investigates win-

win situation in which both members can obtain better and fair profit sharing. 

 

Through various numerical experiments, this research can confirm that under the 

bidirectional option contract and two-period newsvendor problem, the supply chain can 

be coordinated and fair profit sharing can be achieved. It is recommended that when the 

supplier offers appropriate value of wo, not too cheap or too expensive in the retailer’s 

perspective, the bidirectional option contract is attractive and can coordinate supply chain. 

Importantly, the exercise prices of call (wec) and put (wep) options lead the retailer to make 

a decision to achieve coordination and win-win situation when the supplier offers 

appropriate wec and wep in which exercising both put and call option is still attractive. 

 

To highlight the effect of the second period on contract performance, retail price (p2) and 

demand in the second period (X2) are investigated. We found that only p2 can affect the 

retailer’s decision to purchase options. Also, when the demand variation increases, the 

retailer has more incentive to exercise options to avoid losing opportunity of sales. It can 

be concluded that the bidirectional option contract is more valuable when p2 and demand 

variation increase which encourages the retailer to purchase more options. 

 

For the future research, it should be noted that the model with price-dependent demand 

has not been addressed yet in this study. Another possible extension is to study what if 

the retailer can take advantage of information updates in making decision, i.e., the retailer 

can decide not to exercise call options but looking for the product from a third party 

supplier. 
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APPENDICES 

 

Appendix 1: Sum of uniform demand distribution 

 

Let Xi be the uniformly random variable of demand in period i (i = 1, 2) and assume that 

Xi is independent variables. 

 

𝑋1~𝑈(𝑎, 𝑏), 𝑋2~𝑈(𝑐, 𝑑) 
which 𝑐 < 𝑑 < 𝑎 < 𝑏 

 

Noting that probability density function of the uniform random variable – U (a,b) is given 

by: 

 

𝑓(𝑥) = {
1

𝑏 − 𝑎
, 𝑎 ≤ 𝑥 ≤ 𝑏

0    , otherwise
 

 

And the cumulative distribution function of the uniform random variable – U (a,b) is 

given by: 

 

𝐹(𝑥) = {

0       , 𝑥 ≤ 𝑎
𝑥 − 𝑎

𝑏 − 𝑎
    , 𝑎 ≤ 𝑥 ≤ 𝑏

1       , 𝑥 ≥ 𝑏

 

 

Let X be the sum of the demand in both periods which is defined as follows: 

 

X = X1 + X2 

 

Let compute probability by conditioning technique. 

 

𝐹(𝑥)  = 𝑃{𝑋 ≤ 𝑥} 
 

= ∫ 𝑃{𝑋1 + 𝑋2 ≤ 𝑥|𝑋1 = 𝑥1}𝑓1(𝑥1)𝑑𝑥1
𝐷𝑋1

 

 

= ∫ 𝑃{𝑥1 + 𝑋2 ≤ 𝑥}𝑓1(𝑥1)𝑑𝑥1

𝑏

𝑎

 

 

= ∫ 𝑃{𝑋2 ≤ 𝑥 − 𝑥1}𝑓1(𝑥1)𝑑𝑥1

𝑏

𝑎

 

 

= ∫ 𝐹2(𝑥 − 𝑥1)𝑓1(𝑥1)𝑑𝑥1

𝑏

𝑎
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Changing all variables to the form of X2: 

 

From  𝑋2 = 𝑥 − 𝑥1 

 

If 𝑋1 = 𝑎   𝑋2 = 𝑥 − 𝑎 ,   If 𝑋1 = 𝑏   𝑋2 = 𝑥 − 𝑏 ,  𝑑𝑥2 = −𝑑𝑥1   𝑑𝑥1 =
−𝑑𝑥2   
 

Hence, converting variable which associate with 𝑋1 to 𝑋2, function 𝐹(𝑥) is shown below. 

 

𝐹(𝑥)  =
1

(𝑏 − 𝑎)
∫ 𝐹2(𝑥2)𝑑𝑥2

𝑥−𝑎

𝑥−𝑏

 

 

There are two situations in order to determine the domain of 𝑃(𝑋1 + 𝑋2 ≤ 𝑥) which are; 

 

1) when a + d < b + c and,    2) when a + d > b + c 

 

The area of domain 𝑃(𝑋1 + 𝑋2 ≤ 𝑥) = 𝑃(𝑋 ≤ 𝑥) when a + d < b + c is shown in Figure 

A,                  and a + c > b + c is shown in Figure B, respectively. 

 

    
 

Figure A The domain of  𝑷(𝑿𝟏 + 𝑿𝟐 ≤ 𝒙) 
when a + d < b + c 

Figure B The domain of  𝑷(𝑿𝟏 + 𝑿𝟐 ≤ 𝒙) 
when a + d > b + c 

 

From the first situation, 𝑃(𝑋1 + 𝑋2 ≤ 𝑥) when a + d < b + c, the distribution function of 

X1 + X2 has five possible cases as follows:  

 

Case 1: 𝑥 ≤ 𝑎 + 𝑐 

Case 2: 𝑎 + 𝑐 ≤ 𝑥 ≤ 𝑎 + 𝑑 

Case 3: 𝑎 + 𝑑 ≤ 𝑥 ≤ 𝑏 + 𝑐 

Case 4: 𝑏 + 𝑐 ≤ 𝑥 ≤ 𝑏 + 𝑑 

Case 5: 𝑥 ≥ 𝑏 + 𝑑 

 

Finding cumulative distribution function of X, 𝐹(𝑥). 
 

Case 1: 𝒙 ≤ 𝒂 + 𝒄 

 

𝐹(𝑥) =
1

(𝑏 − 𝑎)
∫ 𝐹2(𝑥2)𝑑𝑥2

𝑥−𝑎

𝑥−𝑏

=
1

(𝑏 − 𝑎)
∫ 0

𝑥−𝑎

𝑥−𝑏

𝑑𝑥2 = 0 
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Case 2: 𝒂 + 𝒄 ≤ 𝒙 ≤ 𝒂 + 𝒅 

 

𝐹(𝑥) =
1

(𝑏 − 𝑎)
∫ 𝐹2(𝑥2)𝑑𝑥2

𝑥−𝑎

𝑥−𝑏

 

 

=
1

(𝑏 − 𝑎)
( ∫ 0

𝑐

𝑥−𝑏

𝑑𝑥2 + ∫ (
𝑥2 − 𝑐

𝑑 − 𝑐
)

𝑥−𝑎

𝑐

𝑑𝑥2) 

 

=
1

(𝑏 − 𝑎)(𝑑 − 𝑐)
∫ (𝑥2 − 𝑐)

𝑥−𝑎

𝑐

𝑑𝑥2 

 

=
1

(𝑏 − 𝑎)(𝑑 − 𝑐)
[(
(𝑥 − 𝑎)2

2
−
𝑐2

2
) − 𝑐(𝑥 − 𝑎 − 𝑐)] 

 

=
1

2(𝑏 − 𝑎)(𝑑 − 𝑐)
[(𝑥 − 𝑎)2 − 𝑐2 − 2𝑐(𝑥 − 𝑎) + 2𝑐2] 

 

=
𝑥2 − 2(𝑎 + 𝑐)𝑥 + (𝑎 + 𝑐)2

2(𝑏 − 𝑎)(𝑑 − 𝑐)
 

 

 

Case 3: 𝒂 + 𝒅 ≤ 𝒙 ≤ 𝒃 + 𝒄 

 

𝐹(𝑥) =
1

(𝑏 − 𝑎)
∫ 𝐹2(𝑥2)𝑑𝑥2

𝑥−𝑎

𝑥−𝑏

 

 

=
1

(𝑏 − 𝑎)
( ∫ 0

𝑐

𝑥−𝑏

𝑑𝑥2 +∫(
𝑥2 − 𝑐

𝑑 − 𝑐
)

𝑑

𝑐

𝑑𝑥2 + ∫(1)

𝑎

𝑑

𝑑𝑥2 + ∫ (1)

𝑥−𝑎

𝑎

𝑑𝑥2) 

 

=
1

(𝑏 − 𝑎)
(

1

(𝑑 − 𝑐)
((
𝑑2

2
−
𝑐2

2
) − 𝑐(𝑑 − 𝑐)) + (𝑎 − 𝑑)

+ ((𝑥 − 𝑎) − 𝑎)) 

 

=
2(𝑑 − 𝑐)𝑥 + (𝑐2 − 𝑑2 − 2𝑎(𝑑 − 𝑐))

2(𝑏 − 𝑎)(𝑑 − 𝑐)
 

 

 

Case 4: 𝒃 + 𝒄 ≤ 𝒙 ≤ 𝒃 + 𝒅 

 

𝐹(𝑥) =
1

(𝑏 − 𝑎)
∫ 𝐹2(𝑥2)𝑑𝑥2

𝑥−𝑎

𝑥−𝑏

 



 

46 

 

 

=
1

(𝑏 − 𝑎)
( ∫ (

𝑥2 − 𝑐

𝑑 − 𝑐
)

𝑑

𝑥−𝑏

𝑑𝑥2 + ∫(1)

𝑎

𝑑

𝑑𝑥2 + ∫ (1)

𝑎+𝑐

𝑎

𝑑𝑥2

+ ∫ (1)

𝑥−𝑎

𝑎+𝑐

𝑑𝑥2) 

 

=
1

(𝑏 − 𝑎)
(

1

(𝑑 − 𝑐)
((
𝑑2

2
−
(𝑥 − 𝑏)2

2
) − 𝑐(𝑑 − (𝑥 − 𝑏))  ) + (𝑎 − 𝑑)

+ (𝑎 + 𝑐 − 𝑎) + ((𝑥 − 𝑎) − (𝑎 + 𝑐)) ) 

 

=
−𝑥2 + 2(𝑏 + 𝑑)𝑥 − (𝑑2 + 𝑏2 + 2(𝑐𝑏 + 𝑎𝑑 − 𝑎𝑐))

2(𝑏 − 𝑎)(𝑑 − 𝑐)
 

 

Case 5: 𝒙 ≥ 𝒃 + 𝒅  
 

𝐹(𝑥) =
1

(𝑏 − 𝑎)
∫ 𝐹2(𝑥2)𝑑𝑥2

𝑥−𝑎

𝑥−𝑏

 

 

=
1

(𝑏 − 𝑎)
( ∫(1)

𝑎

𝑥−𝑏

𝑑𝑥2 + ∫ (1)

𝑎+𝑐

𝑎

𝑑𝑥2 + ∫ (1)

𝑎+𝑑

𝑎+𝑐

𝑑𝑥2 + ∫ (1)

𝑥−𝑎

𝑎+𝑑

𝑑𝑥2) 

 

=
1

(𝑏 − 𝑎)
((𝑎 − (𝑥 − 𝑏)) + ((𝑎 + 𝑐) − 𝑎) + ((𝑎 + 𝑑) − (𝑎 + 𝑐))

+ ((𝑥 − 𝑎) − (𝑎 + 𝑑))) 

 

= 1 
 

Find the probability density function of 𝑋, 𝑓(𝑥). 
 

Case 1: 𝒙 ≤ 𝒂 + 𝒄 

 

𝑓(𝑥) =
𝑑

𝑑𝑥
𝐹(𝑥) =

𝑑

𝑑𝑥
(0) = 0 

 

 

Case 2: 𝒂 + 𝒄 ≤ 𝒙 ≤ 𝒂 + 𝒅 

 

𝑓(𝑥)    =
𝑑

𝑑𝑥
(
𝑥2 − 2(𝑎 + 𝑐)𝑥 + (𝑎 + 𝑐)2

2(𝑏 − 𝑎)(𝑑 − 𝑐)
) 

 

= (
1

2(𝑏 − 𝑎)(𝑑 − 𝑐)
)
𝑑

𝑑𝑥
(𝑥2 − 2(𝑎 + 𝑐)𝑥 + (𝑎 + 𝑐)2) 
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=
𝑥 − (𝑎 + 𝑐)

(𝑏 − 𝑎)(𝑑 − 𝑐)
 

 

Case 3: 𝒂 + 𝒅 ≤ 𝒙 ≤ 𝒃 + 𝒄 

 

𝑓(𝑥)    =
𝑑

𝑑𝑥
(
2(𝑑 − 𝑐)𝑥 + (𝑐2 − 𝑑2 − 2𝑎(𝑑 − 𝑐))

2(𝑏 − 𝑎)(𝑑 − 𝑐)
) 

 

= (
1

2(𝑏 − 𝑎)(𝑑 − 𝑐)
)
𝑑

𝑑𝑥
(2(𝑑 − 𝑐)𝑥 + (𝑐2 − 𝑑2 − 2𝑎(𝑑 − 𝑐))) 

 

=
1

(𝑏 − 𝑎)
 

 

 

Case 4: 𝒃 + 𝒄 ≤ 𝒙 ≤ 𝒃 + 𝒅 

 

𝑓(𝑥)    =
𝑑

𝑑𝑥
(
−𝑥2 + 2(𝑏 + 𝑑)𝑥 − (𝑑2 + 𝑏2 + 2(𝑐𝑏 + 𝑎𝑑 − 𝑎𝑐))

2(𝑏 − 𝑎)(𝑑 − 𝑐)
) 

 

=
−𝑥 + (𝑏 + 𝑑)

(𝑏 − 𝑎)(𝑑 − 𝑐)
 

 

 

Case 5: 𝒙 ≥ 𝒃 + 𝒅  
 

𝑓(𝑥) =
𝑑

𝑑𝑥
𝐹(𝑥) =

𝑑

𝑑𝑥
(1) = 0 

 

Hence, the summary of the distribution of X is shown as follows: 

 

Probability density function (when a + d ≤ b + c) : 

 

𝑓(𝑥) =

{
 
 
 
 

 
 
 
 

0              , 𝑖𝑓 𝑥 ≤ 𝑎 + 𝑐

𝑥 − (𝑎 + 𝑐)

(𝑏 − 𝑎)(𝑑 − 𝑐)
, 𝑖𝑓 𝑎 + 𝑐 ≤ 𝑥 ≤ 𝑎 + 𝑑

1

(𝑏 − 𝑎)
        , 𝑖𝑓 𝑎 + 𝑑 ≤ 𝑥 ≤ 𝑏 + 𝑐

−𝑥 + (𝑏 + 𝑑)

(𝑏 − 𝑎)(𝑑 − 𝑐)
 , 𝑖𝑓 𝑏 + 𝑐 ≤ 𝑥 ≤ 𝑏 + 𝑑

0              , 𝑖𝑓 𝑥 ≥ 𝑏 + 𝑑 
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Cumulative distribution function (when a + d ≤ b + c) : 

 

𝐹(𝑥) =

{
 
 
 
 

 
 
 
 

0                                                , 𝑖𝑓 𝑥 ≤ 𝑎 + 𝑐

 
𝑥2 − 2(𝑎 + 𝑐)𝑥 + (𝑎 + 𝑐)2

2(𝑏 − 𝑎)(𝑑 − 𝑐)
                         , 𝑖𝑓 𝑎 + 𝑐 ≤ 𝑥 ≤ 𝑎 + 𝑑

2(𝑑 − 𝑐)𝑥 + (𝑐2 − 𝑑2 − 2𝑎(𝑑 − 𝑐))

2(𝑏 − 𝑎)(𝑑 − 𝑐)
               , 𝑖𝑓 𝑎 + 𝑑 ≤ 𝑥 ≤ 𝑏 + 𝑐

−𝑥2 + 2(𝑏 + 𝑑)𝑥 − (𝑑2 + 𝑏2 + 2(𝑐𝑏 + 𝑎𝑑 − 𝑎𝑐))

2(𝑏 − 𝑎)(𝑑 − 𝑐)
 , 𝑖𝑓 𝑏 + 𝑐 ≤ 𝑥 ≤ 𝑏 + 𝑑

1                                                , 𝑖𝑓 𝑥 ≥ 𝑏 + 𝑑 

 

 

Under this case, the expectation can be derived as follows: 

 

𝐸[𝑋] =  𝐸[𝑋1 + 𝑋2] =  𝐸[𝑋1] + 𝐸[𝑋2] =  
(𝑎 + 𝑏)

2
+
(𝑐 + 𝑑)

2
=  
𝑎 + 𝑏 + 𝑐 + 𝑑

2
 

 

For another situation, 𝑃(𝑋1 + 𝑋2 ≤ 𝑥) when a + d > b + c, the distribution function of X1 

+ X2 is presented as follows: 

 

Probability density function (when a + d ≥ b + c): 

 

𝑓(𝑥) =

{
 
 
 
 

 
 
 
 

0              , 𝑖𝑓 𝑥 ≤ 𝑎 + 𝑐

𝑥 − (𝑎 + 𝑐)

(𝑏 − 𝑎)(𝑑 − 𝑐)
, 𝑖𝑓 𝑎 + 𝑐 ≤ 𝑥 ≤ 𝑏 + 𝑐

1

(𝑑 − 𝑐)
        , 𝑖𝑓 𝑏 + 𝑐 ≤ 𝑥 ≤ 𝑎 + 𝑑

−𝑥 + (𝑏 + 𝑑)

(𝑏 − 𝑎)(𝑑 − 𝑐)
 , 𝑖𝑓 𝑎 + 𝑑 ≤ 𝑥 ≤ 𝑏 + 𝑑

0              , 𝑖𝑓 𝑥 ≥ 𝑏 + 𝑑 

 

 

Cumulative distribution function (when a + d ≥ b + c): 

 

𝐹(𝑥) =

{
 
 
 
 

 
 
 
 

0                                                , 𝑖𝑓 𝑥 ≤ 𝑎 + 𝑐

 
𝑥2 − 2(𝑎 + 𝑐)𝑥 + (𝑎 + 𝑐)2

2(𝑏 − 𝑎)(𝑑 − 𝑐)
                         , 𝑖𝑓 𝑎 + 𝑐 ≤ 𝑥 ≤ 𝑏 + 𝑐

2(𝑏 − 𝑎)𝑥 + (𝑎2 − 𝑏2 − 2𝑐(𝑏 − 𝑎))

2(𝑏 − 𝑎)(𝑑 − 𝑐)
               , 𝑖𝑓 𝑏 + 𝑐 ≤ 𝑥 ≤ 𝑎 + 𝑑

−𝑥2 + 2(𝑏 + 𝑑)𝑥 − (𝑑2 + 𝑏2 + 2(𝑐𝑏 + 𝑎𝑑 − 𝑎𝑐))

2(𝑏 − 𝑎)(𝑑 − 𝑐)
 , 𝑖𝑓 𝑎 + 𝑑 ≤ 𝑥 ≤ 𝑏 + 𝑑

1                                                , 𝑖𝑓 𝑥 ≥ 𝑏 + 𝑑 

 

 

It should be noted that the expectation of the total demand of both cases are the same. 
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Appendix 2: Flowchart for constructing the programming 

 

Appendix 2.1: Flowchart for the wholesale price contract 

 

 

 
 

 

Figure C Flowchart of the whole sale price contract for numerical experiments 
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Figure C Flowchart of the wholesale price contract for numerical experiments 

(continue) 
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Appendix 2.2: Flowchart for the bidirectional option contract 

 

 

 

 
 

 

 

 

 

Figure D Flowchart of the bidirectional option contract for numerical experiments 

  

A B 
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Figure D Flowchart of the bidirectional option contract for numerical experiments 
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Appendix 3: MATLAB code to conduct numerical experiments 

 

Appendix 3.1: MATLAB code to examine the wholesale price contract 

 
%%Wholesale price contract 
clear all 
format short g 

  
global p1 p2 w  wo wc wp g v a b c d cs 
p1 = 250; %unit price in the 1st period 
p2 = 160; %unit price in the 2nd period 
w = 100; %unit wholesale price 
wo = 40; %unit option premium price 
wc = 150; %unit exercised price of call option 
wp = 90; %unit exercised price of put option) 
cs = 50; %unit production cost 
g = 60; %unit shortage cost 
v = 20; %unit salvage value 
a = 800; b = 1000; %demand in the 1st period (a,b) 
c = 450; d = 600; %demand in the 2nd period (c,d) 

  
%Check assumption 
checking_assumption() 

  
%Find expectation of sales 
Ex1 = (a+b)/2; %Expectation of demand in the 1st period 
Ex = (a+b+c+d)/2; %Expectation of total demand 

  
%1)Wholesale price contract under centralized system 
%Objective function (z_c) to find optimal order quantity (Q_c) 
z_c = @(Q) (p1+(2*g)-cs)-((p1-p2+g)*F1(Q))-((p2-v+g)*Fx(Q)); 

  
%Bisection method for centralized system 
Ql_c = a+c; %Quanity at lower bound 
Qu_c = b+d; %Quanity at upper bound 
Qm_c = (Ql_c + Qu_c)/2; %Quanity at mid-interval 

  
while abs(z_c(Qm_c)) > 0.0000000001 
    if (z_c(Qm_c))*(z_c(Ql_c)) < 0 
        Qu_c = Qm_c;    Qold_c = Qm_c; 
    else Ql_c = Qm_c;   Qold_c = Qm_c; 
    end 
    Qm_c = (Ql_c + Qu_c)/2;    err_c = (abs(Qm_c - Qold_c))/Qm_c; 
end 
Q_c = round(Qm_c); %Update Optimal Q_c 

  
pf_r_c = double(((p1+(2*g)-w)*Q_c)-((p1-p2+g)*intF1(Q_c))- ((p2-

v+g)*intFx(Q_c)) - (g*(Ex1+Ex))); %Retailer's profit 
pf_s_c = double((w-cs)*Q_c); %Supplier's profit 
pf_sc_c = (pf_r_c) + (pf_s_c); %Supply's chain profit 

  
%2)Wholesale price contract under decentralized system 
%Objective function (z_d) to find optimal order quantity (Q_d) 
z_d = @(Q) (p1+(2*g)-w)-((p1-p2+g)*F1(Q))-((p2-v+g)*Fx(Q)); 

  
%Bisection method for decentralized system 
Ql_d = a+c; %Quanity at lower bound 
Qu_d = b+d; %Quanity at upper bound 
Qm_d = (Ql_d + Qu_d)/2; %Quanity at mid-interval 
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err_d = 0; 
while abs(z_d(Qm_d)) > 0.0000000001 
    if (z_d(Qm_d))*(z_d(Ql_d)) < 0 
        Qu_d = Qm_d;     Qold_d = Qm_d; 
    else  Ql_d = Qm_d;   Qold_d = Qm_d; 
    end 
    Qm_d = (Ql_d + Qu_d)/2;    err_d = (abs(Qm_d - Qold_d))/Qm_d; 
end 
Q_d = round(Qm_d); %Update Optimal Q_d 

  
pf_r_d = double(((p1+(2*g)-w)*Q_d)-((p1-p2+g)*intF1(Q_d))- ((p2-

v+g)*intFx(Q_d)) - (g*(Ex1+Ex))); %Retailer's profit 
pf_s_d = double((w-cs)*Q_d); %Supplier's profit 
pf_sc_d = double((pf_r_d) + (pf_s_d)); %Supply chain's profit 

  
%Summary report 
fprintf('\n************* WHOLESALE PRICE CONTRACT *************\n')  
fprintf('p1 = %d / p2 = %d / cs = %d / g = %d / v = 

%d\n',p1,p2,cs,g,v)  
fprintf('w = %d / a = %d / b = %d / c = %d / d = %d,\n',w,a,b,c,d)  
fprintf('_______ Centralized system ________     '); 

fprintf('Optimal quantity is        %.2f       ',Q_c); 

fprintf('Retailer''s profit is      %.2f      ',pf_r_c); 

fprintf('Supplier''s profit is      %.2f      ',pf_s_c); 

fprintf('Supply''s chain profit is  %.2f      ',pf_sc_c); 

fprintf('Remark: Estimated error is %.2f          ',err_c); 

fprintf('________ Decentralized system ________\n') 

fprintf('Optimal quantity is        %.2f \n',Q_d) 
fprintf('Retailer''s profit is      %.2f \n',pf_r_d) 
fprintf('Supplier''s profit is      %.2f \n',pf_s_d) 
fprintf('Supply''s chain profit is  %.2f \n',pf_sc_d) 
fprintf('Remark: Estimated error is %.2f \n',err_d) 

 

Appendix 3.2: MATLAB code of checking assumptions function 

 
%function: Checking assumption 
function [] = checking_assumption() 
global p1 p2 w wo wc wp cs g v 

  
%1)wp <= w <= wc 
if wp <= w 
    if w <= wc     ,A1 = 0; 
    else fprintf('Assumption: wp < w < wec is invalid!!! \n') 
    end 
else fprintf('Assumption: wp < w < wec is invalid!!! \n') 
end 

  
%2) 0 <= wo <= w  
 if wo >= 0 
    if wo <= w  ,A2 = 0; 
    else fprintf('Assumption: 0 < wo < w is invalid!!! \n') 
    end 
else fprintf('Assumption: 0 < wo < w is invalid!!! \n') 
 end 

  
 %3) wo + wc <= p2 + g 
 if (wo + wc) <= (p2 +g)    ,A3 = 0; 
 else fprintf('Assumption: wo + wc < p2 + g is invalid!!! \n') 
 end 
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 %4) v < cs < w 
 if v <= cs 
    if cs <= w    ,A4 = 0; 
    else fprintf('Assumption: v < cs < w is invalid!!! \n') 
    end 
else     fprintf('Assumption: v < cs < w is invalid!!! \n') 
 end 

  
 %5) v <= wp - wo 
 if v <= wp - wo    ,A5 = 0; 
 else     fprintf('Assumption: v < wp - wo is invalid!!! \n') 
 end 

  
 %6) p2 <= p1 
 if p2 <= p1    ,A6 = 0; 
 else     fprintf('Assumption: p2<p1 is invalid!!! \n') 
 end 
 if A1+A2+A3+A4+A5+A6 == 0,     fprintf('All assumptions are valid 

\n') 
 else            fprintf('Please recheck assumption 

\n') 
end 

 

Appendix 3.3: MATLAB code of function of 𝐹1(𝑄) for the wholesale price contract 

 
function F1 = F1(x1) 
global a b  
if x1 < a,          F1 = 0; 
elseif x1 < b,      F1 = (x1-a)/(b-a); 
else                F1 = 1; 
end 
end 

 

Appendix 3.4: MATLAB code of function of 𝐹(𝑄) for the wholesale price contract 

 
function Fx = Fx(x) 
global a b c d 
if a+d < b+c 
    if x < a+c        ,Fx = 0; 
    elseif x < a+d    ,Fx = ((x^2) - (2*(a+c)*x) + ((a+c)^2)) / (2*(b-

a)*(d-c)); 
    elseif x < b+c    ,Fx = ((2*(d-c)*x) + ((c^2)-(d^2)-(2*a*(d-c)))) 

/ (2*(b-a)*(d-c)); 

    elseif x < b+d    ,Fx = ((-(x^2)) + (2*x*(b+d)) - 

((d^2)+(b^2)+(2*(c*b+a*d-a*c))))/(2*(b-

a)*(d-c)); 
    else               Fx = 1; 
    end 
else 
    if x < a+c        ,Fx = 0; 
    elseif x < b+c    ,Fx = ((x^2) - (2*(a+c)*x) + ((a+c)^2)) / (2*(b-

a)*(d-c)); 
    elseif x < a+d    ,Fx = ((2*(b-a)*x) + ((a^2)-(b^2)-(2*c*(b-a)))) 

/ (2*(b-a)*(d-c)); 
    elseif x < b+d    ,Fx = ((-(x^2)) + (2*x*(b+d)) - 

((d^2)+(b^2)+(2*(c*b+a*d-a*c))))/(2*(b-

a)*(d-c)); 
    else               Fx = 1; 
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    end 
end 
end 

 

Appendix 3.5: MATLAB code to examine the bidirectional option contract 

 
%%Bidirectional option contract 
clear all 
format short g 
global p1 p2 w  wo wc wp g v a b c d cs 

syms Q0 qo 
 

p1 = 250; p2 = 160;  
w = 100; wo = 40; wc = 150; wp = 90; 
cs = 50; g = 60; v = 20;  
a = 800; b = 1000; c = 450; d = 600; 

  
%Checking assumption 
checking_assumption() 

  
pf_r_b_old = 0; pf_s_b_old = 0; Q_b_old = 0; q_b_old = 0; 

  
%Import Q0 , q0 , retailer's profit and supplier's profit from each 

case 
[Q11,q11,pf11,pfs11] = case11; [Q12,q12,pf12,pfs12] = case12; 
[Q13,q13,pf13,pfs13] = case13; [Q21,q21,pf21,pfs21] = case21; 
[Q22,q22,pf22,pfs22] = case22; [Q23,q23,pf23,pfs23] = case23;  
[Q31,q31,pf31,pfs31] = case31; [Q32,q32,pf32,pfs32] = case32; 
Q = [Q11 Q12 Q13 Q21 Q22 Q23 Q31 Q32];  
q = [q11 q12 q13 q21 q22 q23 q31 q32]; 
pf_r = [pf11 pf12 pf13 pf21 pf22 pf23 pf31 pf32]; 
pf_s = [pfs11 pfs12 pfs13 pfs21 pfs22 pfs23 pfs31 pfs32]; 
n = numel(Q); 

  
for i = 1:n     
    if pf_r(i) > pf_r_b_old 
        pf_r_b_old = pf_r(i); pf_s_b_old = pf_s(i); 

  Q_b_old = Q(i);   q_b_old = q(i); 
    end 
end 

  
%Supply chain's profit 
pf_sc_b =  pf_r_b_old + pf_s_b_old; 

  
%Summary report 
fprintf('\n******** BIDIRECTIONAL OPTION COTRACT ********\n')  
fprintf('p1 = %d / p2 = %d / cs = %d / g = %d / v = 

%d\n',p1,p2,cs,g,v)  
fprintf('w = %d / wo = %d / wc = %d / wp = %d / a = %d / b = %d / c = 

%d / d = %d,\n',w,wo,wc,wp,a,b,c,d)  
display('________________________________________') 
fprintf('Optimal quantity (Q0) is       %.2f \n',Q_b_old) 
fprintf('Optimal option qt.(qo) is      %.2f \n',q_b_old) 
fprintf('Retailer''s profit is          %.2f \n',pf_r_b_old) 
fprintf('Supplier''s profit is          %.2f \n',pf_s_b_old) 
fprintf('Supply chain''s profit is      %.2f \n',pf_sc_b) 
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Appendix 3.6: MATLAB code of optimal solutions for case 1.1 in the bidirectional 

option contract 

 
function [Q_b,q_b,profit_r,pf_s_b] = case11() 
%%Case 1.1 
%when b+c > a+d: a+c < Q0-qo < Q0 < Q0+qo < a+d 
%or when b+c < a+d: a+c < Q0-qo < Q0 < Q0+qo < b+c 
%Declaration of the parameters 
global p1 p2 w  wo wc wp g v a b c d cs 
syms Q0 qo x 

  
%Declaration of integration of cumulative function 
[F1,F2,F3] = cumF; 
intF1 = int(F1,x,a+c,Q0-qo); 
intF2 = int(F1,x,Q0-qo,Q0); 
intF3 = int(F1,x,Q0,Q0+qo); 
if a+d < b+c 
    intF4 = int(F1,x,Q0+qo,a+d)+int(F2,a+d,b+c)+int(F3,x,b+c,b+d); 
else    intF4 = int(F1,x,Q0+qo,b+c)+int(F2,b+c,a+d)+int(F3,x,a+d,b+d); 
end 

  
%Retailer's profit function 
pf_r_b1 = ((g+p2-w)*Q0)+((g+p2-wo-wc)*qo)-g*(b+d); 
pf_r_b2 = -(p2-v)*intF1-((p2-wp)*intF2)-((p2-wc)*intF3)+g*intF4; 
pf_r_b3 = ((p1-p2)/((b-a)*(d-c)))*intx1_b; 
pf_r_b = pf_r_b1 + pf_r_b2 + pf_r_b3; 
profit_r = 0; 
diffqo = diff(pf_r_b,qo); 
 

%Find the optimal solutions 
if a+d < b+c 
    for Q = a+c:a+d 
        q_solve = solve(subs(diffqo,Q0,Q)==0); 
        for i = 1:numel(q_solve); 
            q = (double(q_solve(i))); 
            if q > min(a+d-Q,Q-(a+c)),      q = min(a+d-Q,Q-(a+c)); 
            elseif q < 0,                   q = 0; 
            end 
            pf = double(subs(subs(pf_r_b,Q0,Q),qo,q)); 
            if pf > profit_r 
                profit_r = double(pf);  Q_b = double(Q);  q_b = 

double(q); 
            end 
        end 
    end 
else 
    for Q = a+c:b+c 
        q_solve = solve(subs(diffqo,Q0,Q)==0); 
        for i = 1:numel(q_solve); 
            q = (double(q_solve(i))); 
            if q > min(b+c-Q,Q-(a+c)),      q = min(b+c-Q,Q-(a+c)); 
            elseif q < 0,                   q = 0; 
            end 
            pf = double(subs(subs(pf_r_b,Q0,Q),qo,q)); 
            if pf > profit_r 
                profit_r = double(pf);  Q_b = double(Q);  q_b = 

double(q); 
            end 
        end 
    end 
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end 

  
%Supplier's profit 
pf_s_b1 = ((w-cs)*Q_b)+((wo+wc-cs)*q_b); 
pf_s_b2 = -(wp-v)*subs(subs(intF2,Q0,Q_b),qo,q_b); 
pf_s_b3 = -(wc-v)*subs(subs(intF3,Q0,Q_b),qo,q_b); 
pf_s_b = double(pf_s_b1 + pf_s_b2 + pf_s_b3); 
fprintf('(Case 1.1): Q0 = %d  qo = %d   retailer''s profit = %.2f 

\n',Q_b,q_b,profit_r) 
end 

 

Appendix 3.7: MATLAB code of optimal solutions for case 1.2 in the bidirectional 

option contract 

 
function [Q_b,q_b,profit_r,pf_s_b] = case12() 
%%Case 1.2 
%when b+c > a+d: a+c < Q0-qo < Q0 < a+d < Q0+qo < b+c 
%or when b+c < a+d: a+c < Q0-qo < Q0 < b+c < Q0+qo < a+d 
%Declaration of the parameters 
global p1 p2 w  wo wc wp g v a b c d cs 
syms Q0 qo x 

  
%Declaration of integration of cumulative function 
[F1,F2,F3] = cumF; 
intF1 = int(F1,x,a+c,Q0-qo); 
intF2 = int(F1,x,Q0-qo,Q0); 
if a+d < b+c 
    intF3 = int(F1,x,Q0,a+d)+int(F2,x,a+d,Q0+qo); 
    intF4 = int(F2,x,Q0+qo,b+c)+int(F3,x,b+c,b+d); 
else 
    intF3 = int(F1,x,Q0,b+c)+int(F2,x,b+c,Q0+qo); 
    intF4 = int(F2,x,Q0+qo,a+d)+int(F3,x,a+d,b+d); 
end 

  

  
%Retailer's profit function 
pf_r_b1 = ((g+p2-w)*Q0)+((g+p2-wo-wc)*qo)-g*(b+d); 
pf_r_b2 = -(p2-v)*intF1-((p2-wp)*intF2)-((p2-wc)*intF3)+g*intF4; 
pf_r_b3 = ((p1-p2)/((b-a)*(d-c)))*intx1_b; 
pf_r_b = pf_r_b1 + pf_r_b2 + pf_r_b3; 
profit_r =0; 
diffqo = diff(pf_r_b,qo); 

  
%Find the optimal solutions 
if a+d < b+c 
    for Q = ((a+d+a+c)/2):a+d 
        q_solve = solve(subs(diffqo,Q0,Q),qo); 
        for i = 1:numel(q_solve); 
            q = (double(q_solve(i))); 
            if q < 0,              q = 0; 
            end 
            if q > min(Q-(a+c),(b+c)-Q),        q = min(Q-(a+c),(b+c)-

Q); 
            elseif q < a+d-Q,                   q = a+d-Q; 
            end 
            pf = double(subs(subs(pf_r_b,Q0,Q),qo,q)); 
            if pf > profit_r 
                profit_r = double(pf);      Q_b = double(Q);        

q_b = double(q); 
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            end 
        end 
    end 
else 
    for Q = ((b+c+a+c)/2):b+c 
        q_solve = solve(subs(diffqo,Q0,Q),qo); 
        for i = 1:numel(q_solve); 
            q = (double(q_solve(i))); 
            if q < 0,              q = 0; 
            end 
            if q > min(Q-(a+c),(a+d)-Q),        q = min(Q-(a+c),(a+d)-

Q); 
            elseif q < b+c-Q,                   q = b+c-Q; 
            end 
            pf = double(subs(subs(pf_r_b,Q0,Q),qo,q)); 
            if pf > profit_r 
                profit_r = double(pf);      Q_b = double(Q);        

q_b = double(q); 
            end 
        end 
    end 
end 

  
%Supplier's profit 
pf_s_b1 = ((w-cs)*Q_b)+((wo+wc-cs)*q_b); 
pf_s_b2 = -(wp-v)*subs(subs(intF2,Q0,Q_b),qo,q_b); 
pf_s_b3 = -(wc-v)*subs(subs(intF3,Q0,Q_b),qo,q_b); 
pf_s_b = double(pf_s_b1 + pf_s_b2 + pf_s_b3); 
fprintf('(Case 1.2): Q0 = %d  qo = %d   retailer''s profit = %.2f 

\n',Q_b,q_b,profit_r) 
end 

 

Appendix 3.8: MATLAB code of optimal solutions for case 1.3 in the bidirectional 

option contract 

 
function [Q_b,q_b,profit_r,pf_s_b] = case13() 
%%Case 1.3 
%When b+c > a+d: a+c < Q0-qo < a+d < Q0 < Q0+qo < b+c 
%or when b+c < a+d: a+c < Q0-qo < b+c < Q0 < Q0+qo < a+d 
%Declaration of the parameters 
global p1 p2 w  wo wc wp g v a b c d cs 
syms Q0 qo x 

  
%Declaration of integration of cumulative function 
[F1,F2,F3] = cumF; 
intF1 = int(F1,x,a+c,Q0-qo); 
intF3 = int(F2,x,Q0,Q0+qo); 
if a+d < b+c 
    intF2 = int(F1,x,Q0-qo,a+d)+int(F2,a+d,Q0); 
    intF4 = int(F2,x,Q0+qo,b+c)+int(F3,x,b+c,b+d); 
else 
    intF2 = int(F1,x,Q0-qo,b+c)+int(F2,b+c,Q0); 
    intF4 = int(F2,x,Q0+qo,a+d)+int(F3,x,a+d,b+d); 
end 

    
%Retailer's profit function 
pf_r_b1 = ((g+p2-w)*Q0)+((g+p2-wo-wc)*qo)-g*(b+d); 
pf_r_b2 = -(p2-v)*intF1-((p2-wp)*intF2)-((p2-wc)*intF3)+g*intF4; 
pf_r_b3 = ((p1-p2)/((b-a)*(d-c)))*intx1_b; 
pf_r_b = pf_r_b1 + pf_r_b2 + pf_r_b3; 
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profit_r =0; 
diffqo = diff(pf_r_b,qo); 

  
%Find the optimal solutions 
if a+d < b+c 
    for Q = a+d:(b+c+a+d)/2 
        q_solve = solve(subs(diffqo,Q0,Q)==0); 
        for i = 1:numel(q_solve); 
            q = (double(q_solve(i))); 
            if q < 0,              q = 0; 
            end 
            if q > min(b+c-Q,Q-(a+c)),       q = min(b+c-Q,Q-(a+c)); 
            elseif q < Q-(a+d),              q = Q-(a+d); 
            end 
            pf = double(subs(subs(pf_r_b,Q0,Q),qo,q)); 
            if pf > profit_r 
                profit_r = double(pf);      Q_b = double(Q);        

q_b = double(q); 
            end 
        end 
    end 
else 
    for Q = b+c:(a+d+b+c)/2 
        q_solve = solve(subs(diffqo,Q0,Q)==0); 
        for i = 1:numel(q_solve); 
            q = (double(q_solve(i))); 
            if q < 0,              q = 0; 
            end 
            if q > min(a+d-Q,Q-(a+c)),       q = min(a+d-Q,Q-(a+c)); 
            elseif q < Q-(b+c),              q = Q-(b+c); 
            end 
            pf = double(subs(subs(pf_r_b,Q0,Q),qo,q)); 
            if pf > profit_r 
                profit_r = double(pf);      Q_b = double(Q);        

q_b = double(q); 
            end 
        end 
    end 
end 

  
%Supplier's profit 
pf_s_b1 = ((w-cs)*Q_b)+((wo+wc-cs)*q_b); 
pf_s_b2 = -(wp-v)*subs(subs(intF2,Q0,Q_b),qo,q_b); 
pf_s_b3 = -(wc-v)*subs(subs(intF3,Q0,Q_b),qo,q_b); 
pf_s_b = double(pf_s_b1 + pf_s_b2 + pf_s_b3); 
fprintf('(Case 1.3): Q0 = %d  qo = %d   retailer''s profit = %.2f 

\n',Q_b,q_b,profit_r) 
end 

 

Appendix 3.9: MATLAB code of optimal solutions for case 2.1 in the bidirectional 

option contract 

 
function [Q_b,q_b,profit_r,pf_s_b] = case21() 
%%Case 2.1 
%When b+c > a+d: b+c < Q0-qo < Q0 < Q0+qo < b+d 
%or when b+c < a+d: a+d < Q0-qo < Q0 < Q0+qo < b+d 
%Declaration of the parameters 
global p1 p2 w  wo wc wp g v a b c d cs 
syms Q0 qo x 
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%Declaration of integration of cumulative function 
[F1,F2,F3] = cumF; 
intF2 = int(F3,x,Q0-qo,Q0); 
intF3 = int(F3,x,Q0,Q0+qo); 
intF4 = int(F3,x,Q0+qo,b+d); 
if a+d < b+c 
    intF1 = int(F1,x,a+c,a+d)+int(F2,x,a+d,b+c)+int(F3,x,b+c,Q0-qo); 
else 
    intF1 = int(F1,x,a+c,b+c)+int(F2,x,b+c,a+d)+int(F3,x,a+d,Q0-qo); 
end 

  
%Retailer's profit function 
pf_r_b1 = ((g+p2-w)*Q0)+((g+p2-wo-wc)*qo)-g*(b+d); 
pf_r_b2 = -(p2-v)*intF1-((p2-wp)*intF2)-((p2-wc)*intF3)+g*intF4; 
pf_r_b3 = ((p1-p2)/((b-a)*(d-c)))*intx1_b; 
pf_r_b = pf_r_b1 + pf_r_b2 + pf_r_b3; 
profit_r =0; 
diffqo = diff(pf_r_b,qo); 

  
%Find the optimal solutions 
if a+d < b+c 
    for Q = b+c:b+d 
        q_solve = solve(subs(diffqo,Q0,Q)==0); 
        for i = 1:numel(q_solve); 
            q = (double(q_solve(i))); 
            if q > min(b+d-Q,Q-(b+c)),      q = min(b+d-Q,Q-(b+c)); 
            elseif q < 0,                   q = 0; 
            end 
            pf = double(subs(subs(pf_r_b,Q0,Q),qo,q)); 
            if pf > profit_r 
                profit_r = double(pf);      Q_b = double(Q);   q_b = 

double(q); 
            end 
        end 
    end 
else 
    for Q = a+d:b+d 
        q_solve = solve(subs(diffqo,Q0,Q)==0); 
        for i = 1:numel(q_solve); 
            q = (double(q_solve(i))); 
            if q > min(b+d-Q,Q-(a+d)),      q = min(b+d-Q,Q-(a+d)); 
            elseif q < 0,                   q = 0; 
            end 
            pf = double(subs(subs(pf_r_b,Q0,Q),qo,q)); 
            if pf > profit_r 
                profit_r = double(pf);      Q_b = double(Q);   q_b = 

double(q); 
            end 
        end 
    end 
end 

  
%Supplier's profit 
pf_s_b1 = ((w-cs)*Q_b)+((wo+wc-cs)*q_b); 
pf_s_b2 = -(wp-v)*subs(subs(intF2,Q0,Q_b),qo,q_b); 
pf_s_b3 = -(wc-v)*subs(subs(intF3,Q0,Q_b),qo,q_b); 
pf_s_b = double(pf_s_b1 + pf_s_b2 + pf_s_b3); 
fprintf('(Case 2.1): Q0 = %d  qo = %d   retailer''s profit = %.2f 

\n',Q_b,q_b,profit_r) 
end 
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Appendix 3.10: MATLAB code of optimal solutions for case 2.2 in the bidirectional 

option contract 

 
function [Q_b,q_b,profit_r,pf_s_b] = case22() 
%%Case 2.2 
%When b+c > a+d: a+d < Q0-qo < Q0 < b+c < Q0+qo < b+d 
%or when b+c < a+d: b+c < Q0-qo < Q0 < a+d < Q0+qo < b+d 
%Declaration of the parameters 
global p1 p2 w  wo wc wp g v a b c d cs 
syms Q0 qo x 

  
%Declaration of integration of cumulative function 
[F1,F2,F3] = cumF; 
intF2 = int(F2,x,Q0-qo,Q0); 
intF4 = int(F3,x,Q0+qo,b+d); 
if a+d < b+c 
    intF1 = int(F1,x,a+c,a+d)+int(F2,x,a+d,Q0-qo); 
    intF3 = int(F2,x,Q0,b+c)+int(F3,x,b+c,Q0+qo); 
else 
    intF1 = int(F1,x,a+c,b+c)+int(F2,x,b+c,Q0-qo); 
    intF3 = int(F2,x,Q0,a+d)+int(F3,x,a+d,Q0+qo); 
end 

  
%Retailer's profit function 
pf_r_b1 = ((g+p2-w)*Q0)+((g+p2-wo-wc)*qo)-g*(b+d); 
pf_r_b2 = -(p2-v)*intF1-((p2-wp)*intF2)-((p2-wc)*intF3)+g*intF4; 
pf_r_b3 = ((p1-p2)/((b-a)*(d-c)))*intx1_b; 
pf_r_b = pf_r_b1 + pf_r_b2 + pf_r_b3; 
profit_r =0; 
diffqo = diff(pf_r_b,qo); 

  
%Find the optimal solutions 
if a+d < b+c 
    for Q = ((b+c+a+d)/2):b+c 
        q_solve = solve(subs(diffqo,Q0,Q),qo); 
        for i = 1:numel(q_solve); 
            q = (double(q_solve(i))); 
            if q < 0,              q = 0; 
            end 
            if q > min(Q-(a+d),(b+d)-Q),       q = min(Q-(a+d),(b+d)-

Q); 
            elseif q < b+c-Q,                   q = b+c-Q; 
            end 
            pf = double(subs(subs(pf_r_b,Q0,Q),qo,q)); 
            if pf > profit_r 
                profit_r = double(pf);      Q_b = double(Q);        

q_b = double(q); 
            end 
        end 
    end 
else 
    for Q = ((a+d+b+c)/2):a+d 
        q_solve = solve(subs(diffqo,Q0,Q),qo); 
        for i = 1:numel(q_solve); 
            q = (double(q_solve(i))); 
            if q < 0,              q = 0; 
            end 
            if q > min(Q-(b+c),(b+d)-Q),       q = min(Q-(b+c),(b+d)-

Q); 
            elseif q < a+d-Q,                   q = a+d-Q; 
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            end 
            pf = double(subs(subs(pf_r_b,Q0,Q),qo,q)); 
            if pf > profit_r 
                profit_r = double(pf);      Q_b = double(Q);        

q_b = double(q); 
            end 
        end 
    end 
end 

  
%Supplier's profit 
pf_s_b1 = ((w-cs)*Q_b)+((wo+wc-cs)*q_b); 
pf_s_b2 = -(wp-v)*subs(subs(intF2,Q0,Q_b),qo,q_b); 
pf_s_b3 = -(wc-v)*subs(subs(intF3,Q0,Q_b),qo,q_b); 
pf_s_b = double(pf_s_b1 + pf_s_b2 + pf_s_b3); 
fprintf('(Case 2.2): Q0 = %d  qo = %d   retailer''s profit = %.2f 

\n',Q_b,q_b,profit_r) 
end 

 

Appendix 3.11: MATLAB code of optimal solutions for case 2.3 in the bidirectional 

option contract 

 
function [Q_b,q_b,profit_r,pf_s_b] = case23() 
%%Case 2.3 
%When b+c > a+d: a+d < Q0-qo < b+c < Q0 < Q0+qo < b+d 
%or when b+c < a+d: b+c < Q0-qo < a+d < Q0 < Q0+qo < b+d 
%Declaration of the parameters 
global p1 p2 w  wo wc wp g v a b c d cs 
syms Q0 qo x 

  
%Declaration of integration of cumulative function 
[F1,F2,F3] = cumF; 
intF3 = int(F3,x,Q0,Q0+qo); 
intF4 = int(F3,x,Q0+qo,b+d); 
if a+d < b+c 
    intF1 = int(F1,x,a+c,a+d)+int(F2,x,a+d,Q0-qo); 
    intF2 = int(F2,x,Q0-qo,b+c)+int(F3,x,b+c,Q0); 
else 
    intF1 = int(F1,x,a+c,b+c)+int(F2,x,b+c,Q0-qo); 
    intF2 = int(F2,x,Q0-qo,a+d)+int(F3,x,a+d,Q0); 
end 

  
%Retailer's profit function 
pf_r_b1 = ((g+p2-w)*Q0)+((g+p2-wo-wc)*qo)-g*(b+d); 
pf_r_b2 = -(p2-v)*intF1-((p2-wp)*intF2)-((p2-wc)*intF3)+g*intF4; 
pf_r_b3 = ((p1-p2)/((b-a)*(d-c)))*intx1_b; 
pf_r_b = pf_r_b1 + pf_r_b2 + pf_r_b3; 
profit_r =0; 
diffqo = diff(pf_r_b,qo); 

  
%Find the optimal solutions 
if a+d < b+c 
    for Q = b+c:(b+d+b+c)/2 
        q_solve = solve(subs(diffqo,Q0,Q)==0); 
        for i = 1:numel(q_solve); 
            q = (double(q_solve(i))); 
            if q < 0,              q = 0; 
            end 
            if q > min(b+d-Q,Q-(a+d)),     q = min(b+d-Q,Q-(a+d)); 
            elseif q < Q-(b+c),            q = Q-(b+c); 
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            end 
            pf = double(subs(subs(pf_r_b,Q0,Q),qo,q)); 
            if pf > profit_r 
                profit_r = double(pf);      Q_b = round(Q);        q_b 

= round(q); 
            end 
        end 
    end 
else 
    for Q = a+d:(b+d+a+d)/2 
        q_solve = solve(subs(diffqo,Q0,Q)==0); 
        for i = 1:numel(q_solve); 
            q = (double(q_solve(i))); 
            if q < 0,              q = 0; 
            end 
            if q > min(b+d-Q,Q-(b+c)),     q = min(b+d-Q,Q-(b+c)); 
            elseif q < Q-(a+d),            q = Q-(a+d); 
            end 
            pf = double(subs(subs(pf_r_b,Q0,Q),qo,q)); 
            if pf > profit_r 
                profit_r = double(pf);      Q_b = round(Q);        q_b 

= round(q); 
            end 
        end 
    end 
end 

  
%Supplier's profit 
pf_s_b1 = ((w-cs)*Q_b)+((wo+wc-cs)*q_b); 
pf_s_b2 = -(wp-v)*subs(subs(intF2,Q0,Q_b),qo,q_b); 
pf_s_b3 = -(wc-v)*subs(subs(intF3,Q0,Q_b),qo,q_b); 
pf_s_b = double(pf_s_b1 + pf_s_b2 + pf_s_b3); 
fprintf('(Case 2.3): Q0 = %d  qo = %d   retailer''s profit = %.2f 

\n',Q_b,q_b,profit_r) 
end 

 

Appendix 3.12: MATLAB code of optimal solutions for case 3.1 in the bidirectional 

option contract 

 
function [Q_b,q_b,profit_r,pf_s_b] = case31() 
%%Case 3.1 
%When b+c > a+d: a+d < Q0-qo < Q0 < Q0+qo < b+d 
%Declaration of the parameters 
global p1 p2 w  wo wc wp g v a b c d cs 
syms Q0 qo x 

  
%Declaration of integration of cumulative function 
[F1,F2,F3] = cumF; 
intF2 = int(F2,x,Q0-qo,Q0); 
intF3 = int(F2,x,Q0,Q0+qo); 
if a+d < b+c 
    intF1 = int(F1,x,a+c,a+d)+int(F2,x,a+d,Q0-qo); 
    intF4 = int(F2,x,Q0+qo,b+c)+int(F3,x,b+c,b+d); 
else 
    intF1 = int(F1,x,a+c,b+c)+int(F2,x,b+c,Q0-qo); 
    intF4 = int(F2,x,Q0+qo,a+d)+int(F3,x,a+d,b+d); 
end 

  
%Retailer's profit function 
pf_r_b1 = ((g+p2-w)*Q0)+((g+p2-wo-wc)*qo)-g*(b+d); 
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pf_r_b2 = -(p2-v)*intF1-((p2-wp)*intF2)-((p2-wc)*intF3)+g*intF4; 
pf_r_b3 = ((p1-p2)/((b-a)*(d-c)))*intx1_b; 
pf_r_b = pf_r_b1 + pf_r_b2 + pf_r_b3; 
profit_r =0; 
diffqo = diff(pf_r_b,qo); 

  
%Find the optimal solutions 
if a+d < b+c 
    for Q = a+d:b+c 
        q_solve = solve(subs(diffqo,Q0,Q)==0); 
        for i = 1:numel(q_solve); 
            q = (double(q_solve(i))); 
            if q > min(b+c-Q,Q-(a+d)),      q = min(b+c-Q,Q-(a+d)); 
            elseif q < 0,                   q = 0; 
            end 
            pf = double(subs(subs(pf_r_b,Q0,Q),qo,q)); 
            if pf > profit_r 
                profit_r = double(pf);  Q_b = double(Q);  q_b = 

double(q); 
            end 
        end 
    end 
else 
    for Q = b+c:a+d 
        q_solve = solve(subs(diffqo,Q0,Q)==0); 
        for i = 1:numel(q_solve); 
            q = (double(q_solve(i))); 
            if q > min(a+d-Q,Q-(b+c)),      q = min(a+d-Q,Q-(b+c)); 
            elseif q < 0,                   q = 0; 
            end 
            pf = double(subs(subs(pf_r_b,Q0,Q),qo,q)); 
            if pf > profit_r 
                profit_r = double(pf);  Q_b = double(Q);  q_b = 

double(q); 
            end 
        end 
    end 
end 

  
%Supplier's profit 
pf_s_b1 = ((w-cs)*Q_b)+((wo+wc-cs)*q_b); 
pf_s_b2 = -(wp-v)*subs(subs(intF2,Q0,Q_b),qo,q_b); 
pf_s_b3 = -(wc-v)*subs(subs(intF3,Q0,Q_b),qo,q_b); 
pf_s_b = double(pf_s_b1 + pf_s_b2 + pf_s_b3); 
fprintf('(Case 3.1): Q0 = %d  qo = %d   retailer''s profit = %.2f 

\n',Q_b,q_b,profit_r) 
end 

 

Appendix 3.13: MATLAB code of optimal solutions for case 3.2 in the bidirectional 

option contract 

 
function [Q_b,q_b,profit_r,pf_s_b] = case32() 
%%Case 3.2 
%When b+c > a+d: a+c < Q0-qo < a+d < Q0 < b+c < Q0+qo < b+d 
%or when b+c < a+d: a+c < Q0-qo < b+c < Q0 < a+d < Q0+qo < b+d 
%Declaration of the parameters 
global p1 p2 w  wo wc wp g v a b c d cs 
syms Q0 qo x 

  
%Declaration of integration of cumulative function 
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[F1,F2,F3] = cumF; 
intF1 = int(F1,x,a+c,Q0-qo); 
intF4 = int(F3,x,Q0+qo,b+d); 
if a+d < b+c 
    intF2 = int(F1,x,Q0-qo,a+d)+int(F2,x,a+d,Q0); 
    intF3 = int(F2,x,Q0,b+c)+int(F3,x,b+c,Q0+qo); 
else 
    intF2 = int(F1,x,Q0-qo,b+c)+int(F2,x,b+c,Q0); 
    intF3 = int(F2,x,Q0,a+d)+int(F3,x,a+d,Q0+qo); 
end 

  
%Retailer's profit function 
pf_r_b1 = ((g+p2-w)*Q0)+((g+p2-wo-wc)*qo)-g*(b+d); 
pf_r_b2 = -(p2-v)*intF1-((p2-wp)*intF2)-((p2-wc)*intF3)+g*intF4; 
pf_r_b3 = ((p1-p2)/((b-a)*(d-c)))*intx1_b; 
pf_r_b = pf_r_b1 + pf_r_b2 + pf_r_b3; 
profit_r =0; 
diffqo = diff(pf_r_b,qo); 

  
%Find the optimal solutions 
if a+d < b+c 
    for Q = a+d:b+c 
        q_solve = solve(subs(diffqo,Q0,Q)==0); 
        for i = 1:numel(q_solve) 
            q = (double(q_solve(i))); 
            if q > ((b+d)-(a+c))/2,     q =((b+d)-(a+c))/2;  
            elseif q < ((b+c)-(a+d))/2, q = ((b+c)-(a+d))/2; 
            end 
            if q > min(b+d-Q,Q-(a+c)),      q = min(b+d-Q,Q-(a+c)); 
            elseif q < max(b+c-Q,Q-(a+d)),  q = max(b+c-Q,Q-(a+d)); 
            else 
            end 
            pf = double(subs(subs(pf_r_b,Q0,Q),qo,q)); 
            if pf > profit_r 
                profit_r = double(pf);  Q_b = double(Q);    q_b = 

double(q); 
            end 
        end 
    end 
else 
    for Q = b+c:a+d 
        q_solve = solve(subs(diffqo,Q0,Q)==0); 
        for i = 1:numel(q_solve) 
            q = (double(q_solve(i))); 
            if q > ((b+d)-(a+c))/2,     q =((b+d)-(a+c))/2;  
            elseif q < ((a+d)-(b+c))/2, q = ((a+d)-(b+c))/2; 
            end 
            if Q+q > b+d,       q = min(b+d-Q, Q-(a+c)); 
            elseif Q+q < a+d,   q = max(a+d-Q, Q-(b+c)); 
            elseif Q-q < a+c,   q = min(b+d-Q, Q-(a+c)); 
            elseif Q-q > b+c,   q = max(a+d-Q, Q-(b+c)); 
            else 
            end 
            pf = double(subs(subs(pf_r_b,Q0,Q),qo,q)); 
            if pf > profit_r 
                profit_r = double(pf);  Q_b = double(Q);    q_b = 

double(q); 
            end 
        end 
    end 
end 
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%Supplier's profit 
pf_s_b1 = ((w-cs)*Q_b)+((wo+wc-cs)*q_b); 
pf_s_b2 = -(wp-v)*subs(subs(intF2,Q0,Q_b),qo,q_b); 
pf_s_b3 = -(wc-v)*subs(subs(intF3,Q0,Q_b),qo,q_b); 
pf_s_b = double(pf_s_b1 + pf_s_b2 + pf_s_b3); 
fprintf('(Case 3.2): Q0 = %.2d  qo = %.2d   retailer''s profit = %.2f 

\n',Q_b,q_b,profit_r) 
end 

 

Appendix 3.14: MATLAB code of F(x) 

 
function [F_1, F_2, F_3] = cumF() 
global a b c d 
syms x     
F_1 = ((x^2) - (2*(a+c)*x) + ((a+c)^2)) / (2*(b-a)*(d-c));     
F_3 = ((-(x^2)) + (2*x*(b+d)) - ((d^2)+(b^2)+(2*(c*b+a*d-

a*c))))/(2*(b-a)*(d-c)); 
if a+d < b+c 
    F_2 = ((2*(d-c)*x) + ((c^2)-(d^2)-(2*a*(d-c)))) / (2*(b-a)*(d-c)); 
else 
    F_2 = ((2*(b-a)*x) + ((a^2)-(b^2)-(2*c*(b-a)))) / (2*(b-a)*(d-c)); 
end 
end 

 

Appendix 3.15: MATLAB code of function intx1_b() 

 
function intx1 = intx1_b() 
global a b c d 
syms x x1 
    if a+d < b+c 
        A1 = int(x1,a,x-c); 
        A2 = int(x1,x-d,x-c); 
        A3 = int(x1,x-d,b); 
        intx1 = int(A1,x,a+c,a+d)+int(A2,x,a+d,b+c)+int(A3,x,b+c,b+d); 
    else 
        A1 = int(x1,a,x-c); 
        A2 = int(x1,a,b); 
        A3 = int(x1,x-d,b); 
        intx1 = int(A1,x,a+c,b+c)+int(A2,x,b+c,a+d)+int(A3,x,a+d,b+d); 
    end 
end 

 

 


